





SUPPLEMENT TO “ENGINEERING,” JANUARY 4, 1867. 


ENGINEERING: 


An lustrated Weekly Journal. 


ConDucTED By ZERAH G@LBURN. 








VOL. IL—FROM JULY TO DECEMBER, 1866, 








London: 
OFFICE FOR ADVERTISEMENTS AND PUBLICATION, 37; BEDFORD STREET, STRAND, W.C. 
1866. 





























Jury 6, 1866.] 


ENGINEERING. 
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REMARKABLE LOCOMOTIVES. 


Dvurine the last thirty years there have been brought 
out, from time to time, many locomotive engines the 
design and proportions of which differed very materially 
from those of the other engines existing at the date at 
which they were made. Some of these engines were 
types of classes which have since come into general 
use, whilst others were isolated examples which have 
never been imitated, and respecting which little is 

enerally known. Of a few of the engines of this 

tter class it is our.intention to give some particulars 
in the present notice. Amongst the earliest of these 
remarkable locomotives were the engines “ Thunderer” 
and “ Hurricane,” constructed for the Great Western 
Railway in 1837, according to the plans of Mr. T. E. 
Harrison, now the chief engineer of the North-Eastern 
line, and whose Turpin ride from London to York 
last week we have mentioned in another column. ‘The 
“ Thunderer” and “ Hurricane” were built by Messrs. 
Hawthorn, and each had the boiler carried upon a 
six-wheel carriage separate from the engine proper. 
The boilers of the two engines were similar, each being 
3 ft.8in. in diameter, and containing 135 tubes, 14 in. 
in diameterand 8 ft. 7in. long. The tube-heating surface 
was thus 516 square feet, whilst the firebox, which was 
*made with a midfeather, had a heating-surface of 1083 
square feet. The firegrate area was 174 square feet. 
Both engines had cylinders 16in. in diameter, with 
a stroke of 20in., but in the “Thunderer” these 
were made to drive four coupled wheels, 6 ft. in 
diameter, through spur gearing having the ratio 
of 3 to 1, so that the wheels made three revo- 
lutions for ene of the crank-shaft ; whilst gn the 
“Hurricane” they were coupled direct to 4 single 
pair of 10 ft. driving wheels. The weights of the 
*‘Thunderer” and ‘‘ Hurricane,” exclusive of the boiler 
carriages, were 12 tons and 11] tons respectively, the 
latter engine having, in addition to its 10 ft. driving 
wheels, four carrying wheels, each 4 ft. 6 in. in diameter. 
Neither of these engines was in use for any length of 
time. Another locomotive, having the boiler and 
engine on separate carriages, was the “ Novelty,” an 
engine made for the Reading Railroad, U.S., in 1847. 
The “ Novelty” had a boiler furnished with a large fire- 
box for burning anthracite coal, the grate being about 
10 ft. long, and the draught being maintained by a fan 
blast. The boiler contained 100 tubes, 14 ft. long 
and 28in. in diameter, the total tube and_ firebox 
heating surface being 1085 square feet, and the grate 
area 36 square feet. The engine proper, which was 
placed inj front of the boiler carriage, had eight 
coupled wheels, 3 ft. 10 in. in diameter, driven by a 
pair of cylinders 18 in. in diameter with 20 in. stroke. 
The steam was supplied from the boiler carriage by 
jointed pipes, as in Mr. Harrison’s engines ; but the 
exhaust, instead of being led into the chimney, was con- 
ducted into a plate-iron cylinder 18 ft. long and 3 ft. 
6in. in diameter, which acted as a condenser and 
feed-water heater, whilst at the same time it increased 
the adhesional weight of the engine. The.weight or 
the engine proper (exclusive of the boiler carriage) 
was 214 tons, and its load was 75 coal wagons weighing 
750 tons, this load being taken over a line falling 
600 ft. in a length of 95 miles, the maximum descent 
being 1 in 264, and there being no rising gradient 
opposed to the coal traffic except for a short distance 
on an assistant engine was used. The speed was 
10 miles per hour, and the consumption of coal 126 Ib. 
per mile; the engine, however, was only in use for a 
short time. 

In 1847 a patent was taken out in this country by 
Mr. G. E. Sellers for an engine having, in addition to 
the ordinary vertical wheels, a pair of horizontal wheels 
gripping between them a rail laid about 4in. above 
the level of the ordinary rails, and midway between 
them. The use of a middle rail in this manner had 
been proposed as long ago as 1830 by Mr. Vignoles 
and Captain Ericsson, and it has since been used by 
Mr. Fell on the Mont Cenis line. In Mr. Sellers’s 
engine the cylinders were outside, and were inclined, 
those for driving the ordinary vertical wheels being 
placed beneath the others, the pistons of which were 
coupled to a crank-shaft carried across the engine behind 
the firebox, and furnished with bevel gear for driving 
the horizontal wheels. Four or five engines on this 
plan were made for the Panama Railway, and two other 
very similar engines were afterwards made for a coal 
line in Pennsylvania; we believe, however, that in 
neither case were the engines ever brought into actual 
use. Of Mr. Fell’s engines we have already given an 
account in this journal in the first volume, page 7. 

In 1847 also, Mr. F. Trevithick designed the 
“Cornwall,” an engine which was afterwards shown in 
the Great Exhibition of 1851. In this engine, as 





originally constructed, the boiler was placed beneath 
the driving axle, the single pair of driving wheels 
being 8 ft. 6 in. in diameter, and the cylinders 17} in. 
in diameter with a stroke of 24 in. The engine is still 
running on the London and North-Western line, for 
which it was built; but the boiler has been replaced 
by one over the axle. In 1848 Mr. Crampton introduced 
on the South-Eastern line, the now well-known “ Cramp- 
ton engine,” with the driving axle behind the firebox ; 
but so many of these engines have now been made 
that they can scarcely be classed amongst the ex- 
ceptional engines which we are describing. We may 
nevertheless give here some particulars of the “ Liver- 
pool,” which was set to work on the London and 
North-Western line at the latter end of 1848, and was 
the largest engine ever made upon the “Crampton” 
principle. It had 8 ft. driving wheels placed behind 
the firebox, and three pairs of carrying wheels under 
the barrel of the boiler. The cylinders were 18 in. in 
diameter by 24 in. stroke, and the total heating surface 
was 2260 square feet, the firebox surface being 154 
square feet, and the firegrate area 214 square feet. 
The boiler contained 300 tubes, 12 ft. 3 in. long and 
2,5, in. in diameter. The “ Liverpool” was built by 
Messrs. Bury, Curtis, and Kennedy. 


Another form of locomotive, introduced by Mr. 
Crampton, was one in which the engine was carried 
upon two pairs of wheels of equal diameter placed at a 
sential distance apart. The connecting-rods were 
coupled to arms fixed upon a pair of allan shafts 
placed, one on each side of the engine, midway be- 
tween the pairs of wheels, these shafts being furnished 
at their outer ends with other arms from which coupling- 
rods extended to the crank-pins of the fore and hind 
driving wheels. In 1847 Messrs. E. B. Wilson and 
Co. maile an engine on the above plan for the Midland 
Railway, and Mr. W. H. Barlow has stated that this 
engine attained a speed of from 75 to 78 miles per hour 
with a light train. The engine had 6 ft. 6 in. wheels, 
placed 16 ft. apart from centre to centre, and the weight 
was 32 tons, or 8 tons ona wheel; it was in use for a 
short time only. Messrs. E. B. Wilson and Co. also built 
three smaller engines, carried upon two pairs of coupled 
wheels placed at a long distance apart, for the Eastern 
Counties (now the Great Eastern) Railway. In these 
the connecting-rods were coupled to cranks on an in- 
termediate shaft, this shaft having crank-arms at its 
ends, from which coupling-rods extended to the crank- 
pins of the fore and hind wheels. These engines were 
subsequently altered into ordinary inside-cylinder tank- 
engines, with a single pair of driving-wheels and small 
leading and trailing wheels ; and in this form they were 
in use on the Great Eastern line until quite recently. 


The series of prizes offered by the Austrian Govern- 
ment in 1852 for engines for working the Semmering 
incline, on the Vienna and Trieste Railway, brought 
out a number of novel designs. The conditions were, 
that each engine should draw, in addition to its own 
weight and that of its tender, a gross load of 110 tons 
at the rate of 10 miles per hour up the 13} miles of 
line on the north side of the Semmering, the average 
gradient being 1 in 47,'and the maximum, which is 
24 miles long, rising 1 in 40. The sharpest curve 
has a radius of 94 chains. The first prize was taken 
by the “Bavaria,” an engine made by Maffei, of 
Ticsalien near Munich, of which engine, as well as of 
others which competed with it, we gave an account in 
the last volume of this journal, at page 57, and it is 
therefore unnecessary that we should repeat the par- 
ticulars here. We also gave, at page 84 of the same 
volume, an engraving of the “ Seraing,” one of the 
competing engines made by Messrs. Cockerill and Co., 
of Seraing, and which may be considered the proto- 
type of the more recent engmes of Mr. Fairlie. Soon 
after the competition above mentioned, Mr.‘ Wilhelm 
Engerth, the locomotive engineer of the Vienna and 
Trieste line, designed the first of the “ Engerth 
engines,” of “aid considerable number have, with 
some modifications, been since made for various Con- 
tinental lines. The leading peculiarity of the Engerth 
system is, that the frames of the tender are constructed 
so that they extend forward past the sides of the 
firebox, and are coupled to a pin under the barrel of 
the boiler, this arrangement enabling the engines to pass 
round curves with facility. 

In the original engines the foremost of the two pairs 
of tender wheels was placed in front of the firebox, the 
engine itself having three pairs of coupled wheels. 
The tender wheels were also coupled, and the motion 
was communicated from the driving to the front tender 
axle by means of spur gearing. Since 1853, however, 
the use of this gearing has been generally abandoned, 
and the weight on the three pair of engine wheels only 
has been employed for adhesion. In the later examples 





of Engerth’s engines, such as those which have been 
employed on some of the French lines, the engines are 
carried upon four pairs of coupled wheels, and the four 
wheels of the tenders are placed behind the firebox, 
the frames of the tenders, however, being carried for- 
ward for attachment to a pin in front of the firebox, as 
in the original engines. The goods locomotives made 
for the Northern and Eastern Railways of France in 
1856 were of the class just mentioned. Tiese engines 
weigh altogether; in working order, 62 tons—40 tons 
13 ewt. of this weight being due to the engine proper, 
and resting on the four pairs of coupled wheels, and 
the remaining 21 tons 7 cwt. being the weight of the 
tender: The weight is ver equally distributed, the 
least weight on any pair of wheels bemg 9 tons 13 ewt., 
and the greatest il tons 2$cwt. The former occurs 
on the second pair of engine wheels, and the latter on 
the hind pair of tender wheels. The cylinders are 
19}4 in. in diameter, with a stroke of 2 ft. 2in., and 
the coupled wheels are 4 ft. 1fin. in diameter. The 
total wheel base is 28 ft. 7 in., the extreme centres of 
the coupled wheels being 13 ft., and of the tender 
wheels 5 ft. 7 in., whilst the distance from the centres 
of the leading pair of tender wheels to that of the trail- 
ing pair of engine wheels is 10 ft. The boilers are 
4 ft. llin. in diameter inside, and each contains 235 
tubes, 16 ft. 43 in. long between tubeplates, and 2} in. 
in diameter outside. The area of firegrate is 20.93 
square feet, whilst the firebox heating surface 1044 
square feet, and the external tube surface 22193 square 
feet, making the total heating surface 2324 square feet. 
The boilers give 1714 cubic feet of water space, and 
724 cubic feet of steam space, when the water level is 
4in. above the crown of the firebox, and -they are 
worked at a pressure of 103 1b. per square inch. The 
cylinders are outside, with the steam chests on the to 
of them ; and the valve gear, which is outside, is pec 
from eccentrics fixed upon return cranks, and effects 
the cut-off of the steam at from 10 to 79 per cent. of 
the stroke. According to the reports of M. Flachat, 
these engines evaporate 9.2 lb. of water per pound of 
coal, and they draw a load of 5614 tons, besides their 
own weight, up an incline of 1 in 200, 15 miles long, 
at the rate of 10} miles per hour. The resistance of 
the train is estimated by M. Flachat at 94 1b. per ton, 
and adding this to the resistance due to gravity, we 
find that during the performance just mentioned the 
engines must exert 3614 horse-power. 


The Engerth engines, above described, heavy as they 
are, are yet exceeded in weight by two engines, “ La 
Rampe” and “ La Courbe,” Built y Messrs. Keechlin, 
of aihouss, according to the designs of M. Beugniot, 
in 1860. Each of these engines, which were for some 
time worked on the Paris, Lyons, and Mediterranean 
Railway, had four pairs of coupled wheels, 3 ft. 114 in. 
in diameter, arranged under the boiler, the wheel base 
being 12 ft. 9}in. The cylinders were slightly inclined, 
and they were placed in front of the leading wheels at 
a distance apart from centre to centre of 5 ft. 1}in.; 
the diameter of the cylinders was 21}in., and the 
stroke 22in. The arrangement for communicating the 
motion of the pistons to the wheels was very peculiar. 
The piston-rods were led through stufling-boxes in the 
leading cylinder covers, and they were each connected 
to a crosshead, similar to that of a table engine, from 
which a pair of connecting-rods extended backwards, 
the one to an outside crank, and the other to an inside 
crank on the leading axle. From the crank pins of 
the outside cranks of the leading axle, coupling-rods 
were led to the crank pins of the other wheels in the 
ordinary way. All the axles had both inside and out- 
side bearings, and in the case of the leading axle there 
was a central bearing in addition. The boxes for the 
outside bearings were allowed a transverse play of 1 in. 
in their guides, and those belonging to the inside bear- 
ings had the weight transmitted to them by means of 
swivelling beams, which allowed them free lateral 
motion. These engines were 9 ft. 4in. wide over all, 
a greater width than could be allowed upon English 
narrow-gauge lines. They had each a total heating 
surface of 18614 square feet, the total weight of engine 
and tender being 693 tons, whilst each engine _ 
weighed 46 tons 11} ewt. Ithas been stated by M. 
Nozo, of the Chemin de Fer du Nord, that they exerted a 
tractive force of 16,030 lb. (inclusive of that required to 
move themselves) at the rate of 7874 ft. per minute, or 
8.95 miles per hour, thus corresponding tothe exertion of 
3824 horse-power. In some cases the tractive force 
exerted was still greater, being equal to 16,537} Ib. 

The description of the above heavy French engines 
for goods traffic has, however, being given somewhat 
out of the proper chronological order, and we must 
now return again to an earlier date. In 1853 several 
large tank engines, presenting some peculiarities of ar- 
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rangement, were built by Messrs. Rothwell and Co., of 
Bolton-le-Moors, pom to the designs of Mr. 
Pearson. The engines were constructed to the 7 ft. 
gauge for the Bristol and Exeter Railway, on which 
we Calieve that several of them are still runing. They 
have a single pair of driving wheels, 9 ft. in diameter, 
and without flanges, placed between two bogies or 
trucks, each having four 4ft. wheels. The cylinders 
are 164 in. in diameter, witha stroke of 24 in., and the 
total weight of the engine, loaded, is 42 tons. It has 
been stated by Mr. Pearson that these engines have 
run with complete steadiness at 80 miles per hour, and 
that the consumption of coke of the first engine sup- 
plied averaged, for a mileage of 80,000 miles, 213 lb. 
per train mile. 

We must now notice one or two remarkable American 
engines. In 1854 Mr. Ross Winans constructed a 
peculiar experimental engine, the “ Centipede,” which 
was intended for working passenger trains on the Bal- 
timore and Ohio Railroad. This engine had four pairs 
of coupled wheels 3 ft. 7 in. in diameter (the front and 
back pairs only having flanges), besides a four-wheeled 
truck placed just behind the cylinders, all the wheels 
being placed teteven the smokebox and firebox. The 
tender was carried upon four pairs of wheels, so 
that there were ten pairs of wheels in all. The cylin- 
ders were 22 in. in diameter, with a stroke of 22 in. 
The boiler was of the same class as Mr. Winans had 
previously used for his heavy coal-engines, with the 
addition, however, of a combustion-chamber about 3 ft. 
long, extending from the firebox into the boiler. The 
boiler was, we believe, 3 ft. 10 in. in diameter, contain- 
ing 103 tubes 24 in. in diameter and 14 ft. long. The 
firebox surface was about 125 square feet, and the 
firegrate area about 25 square feet. The engine was 
furnished with separate cut-off valves working at the 
back of the main valves, the latter having triple ports 
through them for the admission of steam. ‘The main 
valves were worked by a “gab” motion, and the cut- 
off valves by link motion, there being eight eccentrics 
altogether. The pistons were of wrought iron, and the 
pump-plungers were worked from a link, by means of 
Which the length of their stroke could be varied. Ac- 
commodation was provided for the driver in the front 
of the engine. In 1854 Mr. Zerah Colburn, who was 
at that time engineer to the New Jersey Locomotive 
Works at Paterson, U.S., designed and constructed 
some large anthracite coal-burning engines for the 6 ft. 
gauge. ‘These engines had three pairs of coupled 
wheels, 4 ft. in diameter, all placed under the barrel of 
the boiler, the total wheel base being only 11 ft. The 
boiler was 4 {t. 2 in. in diameter, and contained ninety- 
one iron tubes 3 in. in diameter and 15 ft. 6 in. long; 
the firebox, which was entirely behind the wheels, 
being extended transversely, so that the firegrate had 
a clear width of 7 {t. 6 in., its length being 6 ft. The 
firegrate area was thus extremely large, being 45 square 
feet, and well adapted for burning anthracite ; the tube 
surface was 1008 square feet. Owing to the great 
weight of the cylinders and the “ crypt,” or casting, to 
which they were fixed, the weight of the engine, 33 
tons, was very equally distributed upon the wheels, not- 
withstanding the overhang at the trailing end. 

At the Paris Zzposition of 1855 there was exhibited 
a curious locomotive, “ L’Aigle,” which had been built 
by Messrs. Gouin, of Paris, from the designs of MM. 
Blavier and Larpent, for the Western Railway of 
France. Of this engine we gave a detailed account at 
page 169 of the last volume of this journal, and we 
need, therefore, only repeat some of the leading 
particulars here. L’Aigle had two pairs of coupled 
wheels 9 ft. 44in. in diameter, and a pair of leading 
wheels 4 ft. 1}in. in diameter; the centres of the 
coupled wheels being 9 ft. 9} in. apart, and the total 
wheel case being 16 ft. 44in. The cylinders, which were 
outside, were 164 in. in diameter, with a stroke of 
in.; they were placed horizontally, the connecting 
rods being coupled to the hind pair of driving wheels. 
The boiler was of very peculiar form. The barrel 
containing the tubes was placed beneath the axles of 
the coupled wheels, and was connected with the lower 
mart of a firebox of the ordinary kind. Above the 
level of the driving axles there was placed a short sup- 
plementary barrel connected with the lower barrel by 
a couple of vertical tubes 14 in. in diameter, this upper 
barrel, together with a dome at the front part of the 
engine, and the top of the firebox casing, forming the 
steam space. The engine was, we believe, a failure. 

Our own International Exhibition of 1862 contained 
several engines of remarkable design, amongst them 
the “ Duplex” and the “ Steierdorf,’” both of which 
were constructed by Mr. John Haswell, of the Austrian 
States Railway. The “Duplex” was a passenger 
engine, and had a single pair of driving wheels, 6 ft. 





Yin. in diameter, placed just in front of the firebox, 
the leading end of the engine being supported upon 
two pairs of smaller wheels. The wheel base was 
11 ft. 5in. The engine had outside frames, and there 
were two cylinders on each side, each 103 in. in dia- 
meter with a stroke of 24yin. The pistons of each 
air of cylinders were arranged to move in opposite 
diwections, one being connected to the crank-pin 
of a crank on the end of the driving axle, and 
the other to an overhung crank carried by an arm 
formed at the end of the crank-pin just men- 
tioned. The boiler contained 160 tubes, 2¥, in. 
in diameter and 14 ft. 6in. long, giving an external 
heating surface of 1260 square feet, The firebox sur- 
face was 84 square feet, and the area of firegrate 15 
square feet. The weight, in working po ay was 
81 tons 14 ewt., of which 12 tons 6 ewt. rested upon 
the driving wheels. The piston-rods were very long, 
and were connected to crossheads working in guide- 
bars near the middle of the length of the engine. The 
above arrangement of duplicate cylinders, &c., was 
adopted for the purpose of counteracting the momen- 
tum of one piston and its attachments by that of 
another moving in the opposite direction, but this end 
can be attained with far ew complexity by the proper 
employment of counterweights. ‘The “ Steierdorf,” 
Mr. Haswell’s other engine, was intended for goods 
traffic, and consisted of a combined engine and 
tender. The engine had three pairs of coupled wheels, 
3 ft. 4 in. in diameter, placed under the front part of 
the barrel of the boiler, and the tender, which really 
formed part of the engine, had two pairs of wheels of 
the same diameter as the engine wheels, the leading 
pair being placed in front of the firebox. The engine 
and tender frames were connected together by a cen- 
tral pin having a spherical bearing, and the whole of 
the wheels of both engine and tender were coupled 
together by a peculiar arrangement of coupling-rods, 
as follows:—From the crank-pins of the hind 
pair of engine wheels ——a extended to 
cranks fixed on the ends of a countershaft placed 
above the leading pair of tender wheels, and 
maintained at a constant distance from the centre of 
the hind pair of engine wheels by means of links ex- 
tending from the axle-boxes of the latter to the coun- 
tershaft bearings. From the cranks on the counter- 
shaft other short coupling-rods led to the crank-pins 
of the leading pair of tender wheels, All the bearmgs 
of this peculiar coupling arrangement were spherical. 
The cylinders were 18 in. in diameter, with a stroke of 
244 in., and the connecting-rods were 4 to the 
crank-pins of the hind pair of engine-wheels. The 
total weight of the engine and tender was 42 tons. 

We must next notice the immense twelve-wheeled 
engines built in 1863 for the Northern Railway of 
France, by Messrs. Gouin and Co., of Paris, from the 
designs of M. Petiet, the engineer-in-chief to the line. 
The wheels are 3 ft. 6 in. in diameter, and are coupled 
together in two groups—three pairs in each—each 
group being driven by a separate pair of cylinders 
17} in. in diameter, with a stroke of 17} in. also. The 
cylinders are placed at the ends of the engine, and the 
sonnei. are coupled to the central wheels of 
each group. ‘The total wheel base is 19 ft, 8} in., and 
the two pairs of driving wheels (or the central wheels 
of each group) have a lateral play of Zin. The other 
wheels are also allowed a side play of 14} in., the first 
and third axles of each group being connected by a 
beam which oscillates horizontally on a fixed central 
boss beneath the driving-axle, and thus compels the 
lateral movement of the two axles to which it is attached 
to take place in opposite directions. The total weight 
of this engine, with 7 tons 17} ewt. of water in the 
tanks, and 2 tons 7 ewt. of coal in the bunkers, is 
59 tons, or rather less than 10 tons on each pair of 
wheels, the weight being very equally distributed. The 
boiler, which is 4 ft. 10 in. in diameter, contains 464 
tubes, 11 ft. 53 in. long, and 184 in. in diameter outside, 
the external tube-heating surface being thus 2201 
square feet. The firebox surface is 108 square feet, 
and the firegrate area 35.84 square feet ; the firebox 
being placed above the wheels. On the top of the 
front part of the barrel of the boiler is placed a 
“dryer,” or tubular steam-chamber, exposing 154 
square feet of surface, through which the waste gases 
from the fire passes before reaching the chimney, This 
latter is horizontal for the greater part of its length, 
but is turned up at the end. These engines are worked 
at 118 lb. per square inch. M. Petiet has also had 
constructed some passenger engines on a very similar 
plan to the goods engines above described. 

In 1863 Mr. Millholland, of the Reading Railroad, 
U.S., constructed and set to work a large engine for 
the purpose of assisting heavy coal trains up a gradient 





14 miles long, and rising 1] in 155. This engine has 
six pairs of coupled wheels 3 ft. 7 in. in diameter, the 
distance between the centres of each adjoining pair 
being 3 ft. 1lin., making the total whed base 19 ft. 
7in. The boiler is 4 ft. in diameter, and contains 174 
iron tubes, 13 ft. 6in. long and 2 in. in diameter, be- 
sides a combustion chamber 2 ft. lin. long. The total 
heating surface is 1428 square feet, and the firegrate 
area 314 square feet, the grate being formed of water- 
tubes. The engine is worked with anthracite coal, but 
no fuel is carried except in the firebox, the fire being 
made up at each end of the trip. It has three tanks, 
holding collectively about 1000 gallons of water. The 
cylinders are 20 in. in diameter, with a stroke of 26 in., 
and the ports are 18?in. long, the steam ports being 
1# in. and the exhaust ports 34 in. wide. The area of the 
blast orifice can be varied from 11 to 24 square inches. 
The length and width of the engine over all are 36 ft. 
and 8 ft. 6in. respectively, and its total weight is 
443 tons. 

Amongst the recent engines which afford examples of 
exceptional design, we must include Mr. Fairlie’s engines 
and the eight-wheeled coupled engines made by the 
Avonside Engine Company for the Vale of Neath and 
Great Northern Railways. We gave an illustrated 
description of one of Mr. Fairlie’s engines at page 179, 
and an account of the Vale of Neath engines at page’ 
138, of the last volume of this journal, and it will there- 
fore be unnecessary that we should repeat the par- 
ticulars of them here. The engines which have just 
been built by the Avonside Engine Company for the 
the Great Northern Railway are almost similar to those 
constructed by the same makers for the Vale of Neath 
Railway ; there are, however, a few points of difference. 
They have four pairs of coupled wheels, 4 ft. 6 in. in 
diameter, the total wheel base being 15 ft. 10 in. (or 
7 in. longer than that of the Vale of Neath engines), 
and being divided as follows: between the centres of 
the leading and second wheels, 4 ft. 10 in; between 
those of the second and driving wheels, 5 ft. 5 in. ; and 
between those of the driving and trailing wheels, 5 ft. 
Zin. The cylinders are 18}in. in diameter, with a 
stroke of 24in., and the connecting-rods are coupled 
to the third pair of wheels from the leading end. The 
leading and trailing wheels are allowed a transverse 
play of $in., their motion being controlled by an 
arrangement of check s ~ - patented by Messrs. 
Slaughter and Caillet. The boiler is 4 ft. 4in. in dia- 
meter by 13 ft. 84 in. long, and contains 184 tubes 2}in. 
in diameter outside. The tube-heating surface is 1450.1 
square feet, and the firebox surface 100 square feet. The 
engines have wing tanks, and being intended for working 
part of the Great Northern traffic in the tunnels of 
the Metropolitan Railway, they are fitted with a con- 
densing arrangement similar to that of the Metropoli- 
tan engines. The total weight of these engines is 56 
tons, equally divided between the four pairs of wheels. 
One, if not two, of them is already at work. In the 
course of the present article we have noticed many 
engines of peculiar design; but we have by no means 
enumerated the whole of those which may lay claim to 
the appellation “ remarkable locomotives;” the subject 
is a very extensive one, and we may perhaps return to 
it on a future occasion. 








Tue Haxrsour oF Port ADELAIDE, SOUTH AUSTRALIA.— 
There has been recently published, by the orders of the House of 
Assembly, a report of the Harbour Commission, giving an ac- 
count of the present state of the harbour, together with sug- 
gestions for its improvement. Fron this report it appears that 
vessels of considerable size now frequently experience great 
difficulties in entering the harbour, owing to the small draught 
of water over the inner bar. The Harbour Commission recom- 
mend that a passage 200 ft. wide should be cut through the inner 
bar to a depth of 14 ft. at low-water spring tides, and that the 
harbour should also be deepened so that vessels could remain in it 
at all states of the tide. They further recommend that opera- 
tions should be commenced at once, and state that, with the ap- 
pliances now at command, the work could be completed in about 
tive years. The estimated cost of cutting the proposed channels 
through the inner bar and harbour, together with other improve- 
ments, and including the repairing of the old dredge, and the 
putting together of ten pontoons, is 94,5477. 

Tests or Raris.—The following tests of the strength of diffe- 
rent kinds of rail to resist the blow of a hammer were made at 
the machine shops of the Boston and Providence Railway Com- 
pany, under the supervision of the master mechanic, Geo. S. 
Griggs, Esq. The rails were placed under the steam hammer 
separately, resting on blocks of iron placed fourteen inches 





apart. Each piece of rail was about three feet long, and each 
received the same drop of hammer, the hammer weighing 700 Ib. : 
ho te No, blows 
the yd rec’d of Bent. Indented. 
* steam ham. 
Cast-steel rail,........ 60 85 3-4in. 1-16 in. 
Steel-headed rail 63 42 8-4in. 1-8 in. 
Eng. rail, 2 samples 56ea, 24ea. 3-4in. 1-8 in. 
English rail......... ww. 56 13 broke. pow 
Our common rail...... 56 13 8-4in. 38-16 in. 


There was no fracture in any of the above rails except in the 
English rail marked “ broke.”—American Railway Times. 
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THE AMERICAN ENGINEER ABROAD. 


Mister Morley’s Hotel, London, July 5th. 
Baracuiau B. Bunker, Esq. 

Dear Str,—They are extensive here on- limited 
companies, with limited companies to “ promote” 
them and to “wind them up.” Some fellers who are 
putting up at this hotel want me to join the direction 
of a limited concern to reconstruct the British navy 
after the model of the Miantonomoh. I don’t see it. 
I wish I had patented this “limited” business here, 
say ten years ago, as “a communication from abroad.” 
It’s the same thing, with another name, that all our 
manufacturing companies to home have been carrying 
on for the last thirty years—each stockholder being 
stuck only for what money he puts his name to, and 
no more. Mr. Whitworth—who has got a gun all 
corners inside—told them, here, in his report on the 
New York Crystal Palace, pretty much all they wanted 
to know about limited liability. Besides that, he said 
* the cost of obtaining an act of incorporation (in Con- 
* necticut) is very trifling; in one case, where the 
“ capital of the company amounted to 600,000 dollars 
* (120,000/.), the total cost of obtaining the act of in- 
* corporation was 50 cents (2s. 1d.).” This was 
thirteen years ago, and now they eat, drink, and bury 
you here upon the principle of this great Yankee in- 
vention of limited liability. It’s a pity it wasn’t 
patented. I have got a prospectus, here, of a concern 
whose mission is to supply American drinks to the 
Britishers. The directors are a one-horse omnibus 
proprietor, a penny steamboat captain, and a dog- 
doctor in the New-road. Capital ten thousand dollars, 
in a thousand goes, at ten dollars ago. Yes, sir! 

We shan’t do anything with our bonds here yet 
awhile. Interest is as high as a kite, and the “ finance 
companies” charge twenty-five per cent. for looking at 
you. Tell our President that we shall have to sing 
small for the next three months. Nearly all the banks 
have gone under since I wrote last, though some of 
them are just able to get about again on wooden legs 
and crutches. 

They have got another panic here, or one that has 
bust out in a new spot. They find they have only got 
about. 2,000,000,000,000 tons of coal left, and they are 
afraid they will have to come to us. Guess we can 
sell ’em what they want, although they had better let 
us tow their whole country across to where we could 
put up a shoot straight out of our mines into their 
cellars. 

I hope I shall hear from you by telegraph shortly, 
if it don’t work too stiff. Cyrus Field willlay the butt 
end next week, and they will begin to pump the light- 
ning through from your side, I expect, in another fort- 
night. They laid the rope last year as easy as singing 
psalms—as far as they got: the faults here and there 
were nothing to wonder at, and they were easily hauled 
in and cut out. It was ouly that shoddy concern, the 
bow sheave, which some feller, I guess, invented when 
he was asleep, that spilt the cable at last. I guess 
they have got the right kind of fixings now to wind in 
with, if the thing has to come up again after it is once 
down. Bet you five dollars the Great Eastern will put 
it through this time. 

The Miantonomoh has scared ’em some, here, I 
guess. The Admiralty fellars have been buying new 
spectacles to take a close sight, and some of them have 
had to take their coats off to think the harder. Until 
old Cornwall came over, they thought here his raft 
wouldn’t swim, and that his men couldn’t breathe. I 
haven’t heard, however, that anybody was fried, nor 
that the monitor crawled over on the bottom of the 
Atlantic. Mr. Fairbairn has been writing to the Zimes, 
telling them it would be a good thing to jet the Yankee 
slap one of her 460 lb. shot at one of their big boats 
here—one of them with the thickest iron overcoat. 
Their guns wouldn’t do the *"Nomoh any hurt. They 
might as well throw stones as to fire 2501b. shot at 
her. She would only lay and grunt. But when she 
did get her back up, their whole navy here would have 
to skedaddle, for a would hit them where they live 
if they didn’t effect a sudden strategic movement and 
get out of the way. I like that feller Coles, for he 
ias hung on all the time the Government were against 
him, dead set, and now his stock has gone up above 
par. We might as well tell the truth and shame the 
devil. He had the turntable gun, with the dinner-pot 
roof over it, made and under fire in 1861, and his 
plans were in print on our side even before the Monitor 
was built. He was the first to make the baby, although 
Ericsson showed Louis Napoleon how it ought to be 
made as long ago as 1854. Guess Coles is the father 
of it, then; but Ericsson’s children look a good deal 
more fighty. The fact is, ’Kiah,. this monitor business 
is mostly the idea of old Stevens, of Hoboken, and if 








there is to be any jaw about it, he should have his full 
share of credit. ‘The Stevens Battery ought to be fitted 
out and sent round the world. She would be the 
better for turrets, for Stevens’s plan was to mount his 
guns on turntables on the open deck, and to lower 
them by steam into the hold for loading. 

But if they have been slow here to take to the 
monitors, they have not been asleep about iron-coated 
ships. We haven’t got any such boats as the Warrior, 
Black Prince, Minotaur, Agincourt, Lord Clyde, Lord 
Warden, Achilles, Northumberland, Bellerophon, and 
soon. Our tubs won’t move faster than nine miles 
an hour. Theirs here go twelve to fourteen ! Stevens’s 
idea, you know, was to drive at sixteen or eighteen 
knots, but that hasn’t been carried out by a darn sight. 
Mister Reed, here, schemes the broadside ships, and he 
is great on piling in the iron and putting on the steam. 
His ships would chaw up our navy, all except the 
monitors. 

They beat us hollow on screw engines. They make 
them, too, as fast as old Chase used to print green- 
backs. I’ve been to Penn’s and to Maudslay’s. I 
asked for the boss at each shop, and he showed me 
through. They beat us in size, in finish, and in 
economy of working, so far as coal is concerned, for 
I haven’t been posted as to the cost of repairs. 
While we are talking of the 100in. cylinders and 
4 ft. stroke of the engines of the Puritan and Dictator, 
—_ have got 116 in. cylinders here in the Lord Clyde, 
and trunk engines equal to 104 in. cylinders in a good 
many ships. We may jaw as much as we’re a mind to 
about “design,” but their biggest engines work as slick 
as Hail Columbia. And they drive them, too, like sin. 
They say they got nearly 7000 indicated horse power 
out of the Agincourt; and the Bellerophon’s engines, 
working up to over 6000, made seventy-one revolutions 
a minute. And then they steam-jacket their cylinders, 
cut off short, superheat their steam sometimes, and 
use surface-condensers. They are doing this while 
Isherwood, to home, is experimenting to see whether 
expansion doesn’t waste steam. 

There is no mistake that mechanical ideas spread 
faster here than with us. They are chock full of 
engineering institutions and societies, and these are 
carried on with all the gumption of a state legislature. 
Everything new is described and argued, and complete 
drawings are printed for the good of everybody. Never 
saw such stacks of information, sound doctrine too, as 
you get here. Books by the cartload, and it pays to 
read them. Their Patent Office, although it’s a mean 
hole in an architectural point of view, is a great insti- 
tution, All you have got to do is to walk in and help 
yourself to as much knowledge as you can carry. 
Every invention, from the time of Julius Cesar, is all 
down in print. Guess you wouldn’t believe, though, 
there is a scheme to upset the whole patent system! 
Armstrong, the gun feller, has been moving to bring 
this about, and he has got some of the lawyers to think 
as he does. Fact is, he was once an attorney-at-law 
himself. Why, thunder, Barachiah, where would Eng- 
land be but for her mechanical discoveries, and where 
would these have been but for patents? Of course 
folks would invent, in one sense, patents or no patents ; 
but what és invention? Is it setting with your legs 
up on the table, guessing how your could fly across 
the Atlantic ; or is it, after the notion has been chalked 
out, getting it to work? It’s the getting it to work 
that tells. What's what tries the fat out of a feller. It 
takes stock ofhis brains and his gizzard ; and it walks 
into his pocket when he comes to fight it out on that 
line. Yes, sir! I am sick of hearing fellers, who don’t 
know enough to go in the house when it rains, talking 
about invention as a mere exercise of the mind, which 
all should be left to enjoy alike. I tell you, invention 
means war with practical difficulties, a war from which, 
if a feller can’t carry it on with pluck and money, he 
had better effect a retreat. It is the property which 
comes out of this war that the law secures to the man 
who made it. That’s what patents are for. Let it go 
out that a feller may hang on to a new idea, try it, 
spend his whole pile on it, and wear himself out with 
losses and disappointments, and that when at last he 
has hit upon the one thing wanting all along to make 
it a success, others are free to go in and help them- 
selves—let this go out, I say, and there is an end to 
improvement. Ten years ago, or a little over, Besse- 
mer’s invention was about as practical as it would be 
to make cream cheese out of soft soap. A steel-con- 
verter would as soon have thought of trying it as of 
lifting himself by his boots. Bessemer, without his 
patent, might as well have put his money into a Fenian 
subscription. It cost him fifty thousand dollars before 
he found out, with all his invention, how to make good 
steel. He had to learn the business to begin with, and 





what was a darned sight more, he had to find out how to 
obtain uniform results from a process which was all a 
touch and go. He hung on, and new he is making his 
pile. Armstrong, who snubbed this invention, in 
1861, at Sheffield, and who wouldn’t go to see it at 
work although he wasn’t a hundred rods from where it 
was carried on, I guess would say now that it was one 
of “considerable merit,” and I suppose he would say, 
as he did then, that the fame or the prestige of a suc 
cessful invention was a sufficient reward. Guess if he 
had only the fame of his guns, and no hard cash to fall 
back upon, he would feel pretty slim. Some of the 
lawyers say that “ {inventions should be rewarded 
“ by the State.” Of course, the State is always red- 
hot to reward the genius of its sons. It can’t give 
away its money fast enough, that’s generally what is 
the matter with it! It always sees a good invention 
at once, always adopts it, always has its official eye 
on the real inventor, never allows itself to be bam- 
boozled, and always does exactly what is just and 
right. Above all, it always rewards genius the very 
minute when genius has earned its reward, and never 
puts off payment to the children or the grandchildren! 
The State is a good friend, and sticks to you like a 
brother, especially if you have got a relation in a first- 
rate berth in the Treasury. 

Mr. Hawkshaw, here, is prospecting a railroad under 
the English Channel, where the water is upwards of 
twenty miles across. What do you think of that? 
He has already taken in the old Thames Tunnel for a 
railroad ; and Rammell is putting a 13 ft. pipe under the 
river higher up, to carry passenger trains driven one 
way a sucked the other by a blacksmith’s fan 40 ft. 
in diameter. 

Our railroad companies are losing millions of dollars 
by laying down iron rails. When will they stop it? 
Tron is no more fit for a rail than it is for a pair of 
shears. Why, they wear out the best iron rails they 
can get, and on both faces, in less than two years here. 
On the North London road, and in some parts of the 
North-Western, each face of a double-headed rail 
only goes two months. Our roads, to home, are run 
harder and harder, more trains, and heavier. The old 
Erie has got a Jot of engines weighing 44 tons*, and 
these will pound out iron rails like poplar logs. They 
are selling steel rails here at 60 to 65 dollars a ton, 
and they wear like a hardened sinner’s conscience. 
Don’t you be afraid of their breaking. If they break, 
its your fault to buy rails that are brittle. Just lay 
down a test for them, and if one fails turn the whole 
lot upon the maker’s hands. If they want to, they 
can make rails, and as easy as making apple sauce, 
which you, nor I, nor no man can break. { have seen 
testing here that was good for sore eyes. You have a 
notion that cast steel is brittle. Well, cast-steel axles, 
both Bessemer’s and others made from cemented steel, 
have stood blows of a 11 cwt. monkey falling 30 ft. 
and striking the axle fair when laid in two necks three 
ft. apart. Cast-steel rails, too, will stand nearly as 
much pounding. It’s no use coughing, Barachiah, our 
railroad fellers have got to come to steel, and the 
sooner they make up their minds to it the better for 
the stockholders. 

As much as they beat us here in steamboat engines, 
they are going in for our Yankee stationary engines. 
The Corliss engine has gone ahead here pretty fair. 
There are four shops making them now, and they are 
selling a good many. The Allen engine, too, has 
taken in the manufacturing districts. It’s a new 
wrinkle here to a good many to see an engine, under a 
variable load, helping itself to exactly as much steam 
on each stroke as is necessary to do the work on that 
stroke, without going half a turn too fast or too slow. 

I shall put the brake on for the present, and am, 

Truly yours, 
Cotumsus C. Carin. 








Tue ArrE AND CALDER CANAL.—Great fears are enter- 
tained in Barnsley and the neighbourhood that serious permanent 
injury and damage has been done to the aqueduct near that 
town, owing, as is believed, to the coal having being got in the 
immediate district, and thus interfering with the foundation of the 
arches to an alarming extent. The canal has burst on three differ- 
ent occasions recently near the aqueduct, and greatly interfered 
with the traffic, besides putting a stop to several colleries. The 
valley of the Dearne at this point is crossed by five massive 
arches of stonework. During the last few days a large crack 
has been discovered from one end of the structure to the other, 
and in one of the arches there is also an immense crack from 
top to bottom. Several workmen are busily employed drilling 
through the stonework for the purpose of inserting massive iron 
bolts, in order to strengthen the arches as much as possible. 
Should the structure give way, it will interfere with an immense 
canal traffic, besides putting a stop to several important col- 
lieries. Leeds Mercury. 


* Tons of 2000 lbp. 
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THE REGENTS CANAL BRIDGE, REGENT’S PARK. 
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THE REGENT’S CANAL BRIDGE. 


One of the five taper-chain suspension bridges erected in the 
Regent’s-park, by Mr. James D: in 1841, has recently been 
replaced i, an elegant arched structure, from the designs of 
Mr. John Fowler, by whose permission we engrave a general 
elevation and details of its construction. The bridge is of cast 
iron, with aclear span of 67 ft., and a rise in the centre of 5 ft. 
6 in., the arch being segmental and struck with a radius of 
103 ft. 43 in., leaving a headway from the water level of 14 ft. 
Fig. 1 shows a = side elevation of the bridge with its pier 
and abutments, Figs. 2 and 3, a longitudinal section, half-trans- 
verse section, and half end elevation to a larger scale, showing the 
brickwork and the construction of the main ribs and cross girders. 
The spandril, Fig. 1 (drawn to a larger scale in Fig. 4), is of re- 
markably graceful design, and illustrates well what may be 
achieved with good taste, in filling those awkward three-cor- 
nered spaces too often rendered unsightly with vertical or 
diagonal bars, or with an inartistic scroll. The handrail, the 
general design of which is shown in Fig. 1, harmonises with the 
— filling as well as with the struts and rail standards, Fig. 6. 

he piers are of stone, each ornamented with a well-proportioned 
lamp, and the smaller piers which terminate the parapets are sur- 
mounted with vases. Exception may be taken to the entire 
absence of mouldings inside the piers, which naturally suggest 
the idea that one large pier has been cut in two, and the plain 
faces on the inside placed against the roadway. There is, how- 
ever, an unavoidable difficulty in carrying projecting mouldings 
around piers where the width of the roadway is limited, be- 
cause practically the available space for traffic is reduced to the 
least clear width. The height of the parapet between piers is 
3 ft. 6in., corresponding with that of the hand-railing. The 
construction of the iron ribs (of which there are two) is somewhat 
peculiar. They are each cast in three pieces (Fig. 2), the end 
portions having the arched rib and horizontal top member cast 
in one piece, connected at the springing by a vertical rib, Fig. 5, 
and partially dying into each other at the other end, whilst the 
centre part, horizontal on the upper side and curved beneath, 
completes the rib, which weighs altogether 5 tons5ewt. Figs. 5 
and 9 show the construction of the end of rib, and the cast-iron 
bed-plates on which it rests ; and a cross section of the main girder 
is given in Fig. 6, which is taken through the centre of the bridge, 
where the depth is 2 ft., increasing at the springing to 2 ft. 6 in., 
while the depth of the horizontal member is 1 ft. 6 in. through- 
out. The roadway, which is 10 ft. wide, is supported on rolled iron 
cross girders of the section shown in Fig. 8, placed 8 ft. 3 in. apart, 
and attached to the main ribs, as shown in Figs. 6 and 7. i hey 
are 6} in. deep, and 3in. wide on the top and bottom flanges. 
To these girders are bolted timbers 4 in. wide, 5in. deep in the 
centre, and falling in a curve to 2} in. on each side. Upon these 
curved beams the longitudinal timbering is spiked, and this is 
covered with a layer of asphalte jin. thick, perfect drainage 
being insured by a wrought-iron gutter, 5in. wide (Fig. 6), 
running along each side of the bridge at the foot of the handrails. 

For lightness and general elegance of design, this bridge over 
the Regent’s Canal may well be commended, and it should serve 
as a model for small works of a similar class, while the simplicity 
and general neatness of its details are characteristic of the work 
which always proceeds from Mr. John Fowler’s office. 

We should not omit to mention that the Hon. W. F. Cowper, 
the First Commissioner of her Majesty’s Public Works and 
Buildings, who has done so much good service to the public in 
the improvement of the parks, had this bridge executed, and 

. that others of a somewhat similar design will shortly be erected. 








Tue Great Eastern.—Mr. Gooch, chairman of the Great 
Western Railway Company, goes out in the big ship, which, by 
the last advices, was proceeding well to Berehaven. The cable 
is tested every hour, and is in perfect insulation. In paying out, 
Mr. Fleming Jenkin’s dynamometer will be used. The Times 
correspondent says: “This adinirable contrivance is automatic 
in its action. The weight of strain to be fixed upon the cable, 
either in paying out or hauling in, when once agreed upon by 
the engineers, can never be exceeded. Thus, for instance, if the 
paying-out strain should pass the limit of three tons, the cable 
will run of itself; and vice versa, if in hauling it the strain 
should reach six tons, the machine will simply reverse itself, 
and, instead of pulling up, let down the wire.” Of the engines 
he says: “ During the past winter Mr. Beckwith, her chief engi- 
neer, has been incessant in his labours towards getting’them 
into perfect trim. All the boilers have been strengthened, their 
w removed and replaced by new plates. The flues, 
fire-bar grating, and funnels have been carefully cleaned, and the 
effect of these improvements, with the change from the foul to 
the cleanly condition of the ship’s hull, was at once on starting, 
apparent in the increased speed of the ship. Though there was 
only 15 lb, steam in the paddle boilers, aud little over 12 Ib. in 
the screw, a speed of seven knots was soon gained, and this 
when the paddles wereonly turning 64 times per minute, and 
the screw less than 17. With a much higher pressure of steam 
and greater rapidity of revolutions on starting last year, not so 
much as 5 knots an hour were made. This time it 1s clear that 
from 8} knots to 9 knots are easily within the capabilities of the 
preat ship, though she is deeper in the water than she has ever 

fore been on venturing to sea. Her trim at present is rather 
calculated to diminish her rate of progress, for the present 
exigencies of stowage have brought her down rather too much by 
the head. She has above 4000 tons more dead weight in her 
than last year, and her mean draught is within an inch or so of 
82 ft.—a deeper laden vessel than till this day has ever passed 
down the Thames.” 

Tue Curer Constructor oF THE Navy.—Mr. E. J. Reed 
has this week returned to his post at the Admiralty, after a long 
period of illness. His health is, we trust, completely restored. 

THE Bompay AND BARopa Raitway.—The break in the 
Nerbudda Bridge existed from July, 1864, to April, 1865. The 
working charges have amounted to 59 per cent. of the earnings. 
The former will no doubt gradually diminish. The original 
sleepers of hard jungle-wood have had to be extensively renewed 
with creosoted Baltic or teak timber. The survey of the Nee- 
much Extension of 200 miles has been completed. It is in- 
tended also to make an extension of 73 miles to Wudwan. 





THE neat little machine of which we now give illustrations is 
one which has been introduced by Messrs. Samson Fox 
Brothers, of Leeds, for turning and facing the heads of bolts, 
studs, nuts, &c., and for shaping the various parts of brass 
work. It is made by the above manufacturers in two forms, 
the one being adapted for finishing brass work only, and the 
other for performing that work, or with the turning and 
facing of bolt-heads, &c. We shall here describe the combined 
machine, and at the same time point out the parts which are 
omitted when it is employed solely for brass-finishing. 

Figs. 1, 2, and 3 are respectively a side elevation, a front 
elevation, and a plan of the combined machine as arranged for 
turning and facing bolts and nuts, whilst Fig. 4 shows the 
modified arrangement employed for finishing brass work. The 
machine consists of a simple frame, having on the front side a 
vertical bed to which a sliding table is fitted, and carrying on 
the top a couple of bearings similar to those of a lathe-head. 
The bearings are fitted with conical gun-metal bushes, and 
through these passes a hollow steel spindle with coned necks— 
the arrangement of conical bearings giving the power of taking 
up any slackness caused by wear. The hollow spindle just 
mentioned carries the lower speed-pulleys, as shown in the 
figures, and its front end is fitted either with a chuck for holding 
bolts or studs, or with a screwed mandril (of which a number of 
different sizes are supplied with the machine) for receiving the 
nuts to be faced. The chuck for holding bolts is shown in 


SAMSON FOX BROTHERS’ SHAPING MACHINE. 
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to the various diameters of the shanks of the bolts and screws, 
and is screwed on to the front end of the hollow spindle, so as 
to force the dies together and cause them to-hold the bolt or 
screw firmly, but without injury to the threads. 

The tools employed for facing and turning nuts and bolt-heads 
are three in number, and are shown in plan in Fig. 3. The 
tool which comes first into action is a pointed one, and is em- 

loyed for taking the rough cut; the second, which finishes the 
facia , is a square-ended tool with the leading corner slightly 
rounded; and the third, which acts on the side or corner of the 
nut or bolt-head, is so shaped as to give the required “ chamfer.” 
The tools are all held at an angle of 45°, by a single tool-holder, 
as shown in Figs. 1, 2, and 3, the tool-holder being furnished with 
a flanged base by means of which it is bolted down to a small 
circular table fixed on the top of a transverse slide. This slide is 
mounted on a longitudinal slide, which is in its turn carried by 
a table which can, by means of a screw, be raised or lowered 
vertically on a slide formed on the front of the machine. The 
screw for raising or lowering the table is worked by a pair of 
bevel wheels and handle, as shown in Fig. 2. By raising the 
table the tools can be brought up to the level of the centre of 
the hollow spindle, and they can then be traversed across the 
work by means of the transverse slide, the longitudinal slide 
giving the Dg of varying the depth of the cut. Stops are 
also provided for limiting the latter, and for regulating the 








Figs. 1 and 3; it is fitted with coned dies of sizes corresponding 


amount of chamfer, so that the nuts or bolt-heads may all be 
made exactly alike. The circular table to which the tool-holder 
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is fixed, and which is provided with teeth around its circum- 
ference, gearing into a worm, is only employed when the 

machine is used for shaping brass work, as we shall explain 
resently. The longitudinal and transverse slides are actuated 
y screws and hand-wheels, as shown in the illustrations. 

For removing nuts, after they have been faced, a very simple 
and effective arrangement is provided. The machine is fitted 
with reversing gear of the ordinary kind, as shown at the upper 
part of Figs. 1 and 2, this consisting of a countershaft carrying 
the upper cone pulleys and a narrow fast pulley with a broad 
loose pulley on each side of it. The loose pulleys are, when the 
belt-shifting gear is in the position shown in the illustrations, 
driven in opposite directions by means of crossed and un 
belts, either of which can be shifted on to the fast pulley at 
pleasure. The forks for shifting the belts are moved by means 
of a bell-crank connected by a vertical rod to another bell-crank 
and handle fixed at the side of the machiue, as shown in Fig. 2. 
On the vertical rod just mentioned there is fixed an arm con- 
nected by achain with a species of claw, or catch, hinged to the 
main frame of the machine on one side of the main spindle. 
This catch can be adjusted to the various sizes of the nuts, and 
it swings loosely upon a stud, as shown, When the machine is 
running in the proper direction for the tools to make a cut, the 
catch is raised clear of the nut being faced, as shown in Fig. 2; 
but when the machine is reversed, it is lowered and catches the 
nut, holding it fast until, by the motion of the machine, the 
mandril upon which the nut is held is screwed out of it, and it 
is thus allowed to fall into a hox placed to receive it. 

When the machine is used for shaping brass work, the tool 
holder and the “ doffing ” arrangement have to be removed, and 
a disc plate bolted to the circular table substituted, as shown in 
Fig. 4. In the centre of this disc plate is a hole tapped to receive 
the various-sized mandrils, on which are fixed the pieces of brass 
work which are to be operated on, as shown in the figure. The 
number of “ counts” or sides which it is required to form upon 
any given piece of work” are measured or divided out by means 
of a worm gearing into the worm wheel formed on the edge of 
the circular table, the latter being divided and figured on its 
upper side to enable this to be done accurately. As any slack 
between the worm and the wheel would cause the work to be 
held unsteadily, and would thus prevent a good job from being 
made, an arrangement is provided by means of which any slack 
caused by wear can be readily taken up. The worm is put on 
its spindle in two parts, the division between the two occurring 
at the middle of the length of the worm, or on the centre line of 
the machine. The parts are kept close together by means of a 
nut screwed on the spindle, and when any wear occurs this nut 
is slacked back, and a washer introduced between the two por- 
tions of the worm, so as practically to spread the threads, after 
which the nut is tightened up as before. The handle by which 
the worm is turned is furnished with a spring catch for securing 
it in any desired position, and the whole arrangement is a very 
neat one. 

The tool employed for shaping brass work, and which is fixed 
in the end of the hollow spindle, is of the form shown in Fig. 4. 
It is a plain steel cutter, and is capable of being got up on a grind- 
stone, whilst, being of simple form, it can be easily and cheaply 
made and repaired. It also produces a good finish, and renders 
any after-filing quite unnecessary. Altogether the machine, 
which we have above described, forms a very useful tool, either 
for brass-work shaping alone or for that work combined with 
bolt-head and nut facing and turning, which latter operations 
it performs more rapidly than a lathe. We have, ourselves, seen 
it in action, turning out excellent work very quickly. Our illus- 
trations were prepared from tracings kindly furnished by Mes rs. 
Samson Fox Brothers. 





Sr.toTH.—In 1855, an Act of Parliament was obtained, 
empowering the construction of a railway cenesting Silloth Bay 
with a line then in progress between Carlisle and Port Carlisle, 
a floating dock of four acres area, and a pier 1000 ft. in length. 
‘The railway was in August, 1856. The dock was com- 
menced in 1857, and opened, amid great rejoicing, in 1859, b 
the late Sir James Graham. The dock was named the Marshall 
Dock, in honour of Mr. William Marshall, M.P. for East Cum- 
berland, who had taken an active part in the undertaking. 
Several first-class steamships at once commenced to ply between 
the bay and Dublin, Liverpool, the Isle of Man, Dumfries, 
Annan, &e,; so that now, the steadily increasing trade, both 
coasting and foreign, seems likely to lead to an extension of the 
dock accommodation at no distant time. More room is already 
required for the shipping than can well be afforded. There is a 
depth of water in the dock-sill to admit ships drawing upwards 
of 20 ft. The loading and unloading of the shipping, as well as 
the opening and closing of the dock gates, which are 60 ft. in 
width, are effected with despatch by means of hydraulic 
machinery, by Sir William Armstrong. The arrangements for 
the conveyance of goods and passengers down to vessels are com- 

lete, as the rails of the line connecting the port with Carlisle, 
Seusestio, Edinburgh, &c., are laid on the quays. The line, in 
1862, was leased by the North British Railway Company, who 
have done much to improve the trade of the port. A still further 
stimulus, it is expected, will be given in a few years by the open- 
ing of the Settle and Carlisle Extension of the Midland Railway 
and the Solway Junction Railway. By means of the former 
line, the large manufacturing towns of Yorkshire will be brought 
into direct communication with Carlisle and Silloth; and the 
Solway Junction line, which is already in course of construction, 
will open out an important coul-tield for theshipping of the port. 
It should be mentioned that the bay sas the advantage of a 
natural breakwater, to the west and south-west, in Silloth Bank 
and Robin Rigg, which overlap each other and arrest the ocean 
swell. (It will not escape attention that by the extension of its 
system to Carlisle in one direction, and London in the other, the 
Midland Railway Company will secure unbroken communication 
between London and Carlisle, An amalgamation will subse- 





quently be concluded with the Glasgow and South-Western 
Kailway Company, und a third independent route will then be 
established between London and Glasgow. } 

CaNADIAN TARIFFs.—Mr. Galt, the Canadian finance mini- 
ster, bas announced his intention to diminish as far as possible 
the duties on imports, which are now such as to seriously check 


PINS AND EYES. 

A rrx, passing through eyes formed on those parts 
of a machine or structure which are to be joined to- 
gether, is a form of connexion of most frequent oc- 
currence, both in civil and mechanical engineering. 
For instance, the links of the chains of suspension 
bridges are so connected, and so are the diagonals and 
flanges of Warren girders, whilst in machinery it forms 
the usual form of connexion between the parts of all 
link work. In all these cases, but more particularly in 
bridge work, it is important that the size of the pins 
and eyes should be so proportioned to the strain upon 
them, that they be of equal strength with the parts 
which they connect. In machinery, where the parts 
are subjected to motion, sufficient bearing surface has 
to be provided to prevent heating, and it is generally 
this consideration which governs the size of the parts 
—those proportions which give the requisite bearing 
surface being generally amply sufficient as far as mere 
strength goes. 

In those cases, also, where there is little or no mo- 
tion between the parts to be joined, the question of 
bearing surface has more to do with the proportioning 
of the sizes of the pins and eyes than is commonly 
supposed. In such connexions, the parts are almost 
always arranged so that the pins are subjected to 
“double shear,” or, in other words, they must, before 
they fail, be broken through in two places. Under 
these circumstances, the area sheared through is of 
course equal to twice the sectional area of the pin, and 
in the case of wrought iron pins and links subjected 
to tensile strain, it would at first appear therefore that 
the sectional area of the former should be equal to 
half that of the latter, the resistances of wrought iron 
to shearing and tension being about equal. For in- 
stance, if we had two links each with a sectional area 
of 12 square inches at its smallest part, and the end of 
one of them was made with a double eye embracing 
the end of the other, then, if the resistance to shear- 
ing only had to be considered, the connecting pin might 
have an area of 6 square inches. Whether this area 
would or would not be sufficient, however, would de- 
pend to a great extent upon the form of the eyes at 
the ends of the links, In the first place, the jaws of 
the double*eye must be prevented from opening, and so 
throwing a bending instead of a shearing strain upon 
the pin; and, in the second place, the thickness of the 
eyes must be such that they have sufficient bearing 
upon the pin, and so do not fail from distortion. The 
opening of the double eye is generally prevented by 
means of a head on one end, and a nut, or collar se- 
cured by a pin, on the other end of the pin; but the 
second requirement, that of bearing surface, is very 
frequently neglected. In cases where, as in the links 
of a suspension-bridge chain, the thickness of the links 
is very small in comparison with their width, the bear- 
ing surface which the pins would have, if made with 
the proportions above mentioned, would be quite in- 
sufficient, and the consequence would be that the holes 
would be distorted, and the eyes torn. 

When the late firm of Fox, Henderson, and Co. 
were constructing the chains of Mr. Vignoles’s suspen- 
sion bridge over the Dnieper at Kieff, a number of 
interesting experiments were tried to determine the 
proper proportions for the eyes of the links and the 
connecting pins, and the results obtained were given 
in a paper afterwards read by Sir Charles Fox before 
the Royal Society. As the chains for this bridge 
weighed over 1600 tons, and had to be carried from 
Odessa to Kieff, over 300 miles of very bad roads, it 
was of great importance that all useless weight should 
be avoided, and consequently that no superfluous 
metal should be employed in their construction. For 
convenience of transit, the links were made 12 ft. long 
from centre to centre of pinholes, and 10} in. by 1 in. 
throughout the part between the eyes. The eyes or 
heads were also 1 in. thick by 164 in. in diameter, and 
were at first pierced with holes 44 in. in diameter for 
the reception of the pins, which latter had thus an 
area of 15.9 square inches, cr rather more than half as 
great again as the smallest sectional area of the links. 
Notwithstanding this excess{in,the sectional area of 
the pins, however, they were, ‘upon experiment, found 
to be quite unable to develop the full strength of the 
chains. The links were made from iron manufactured 
by Messrs, Thorneycroft and Co., from a mixture of 
Indian and other pig iron, and had a tensile strength 
of about 27 tons per square inch, and each link ouglt, 
therefore, to have borne, if the pins and eyes had been 
properly proportioned, a strain of at least 270 tons. 
Upon the test being applied to one of the links, how- 
ever, it was found that it failed under a strain of 180 
tons, the head or eye tearing across at its widest 





the trade of the province. 


part, where the sectional area was 12 square inches, 








This result led to the supposition that the eyes were 
too small, and some experimental links were accordingly 
made with eyes 18}in. in diameter. These, however, 
were found to fail in a similar manner, the pin-holes in 
both this and the former instance being drawn into a 
pear-shaped form, and the metal being bulged on that 
side which had received the strain. Under these cir- 
cumstances it was determined to increase the size of 
the pins, thus giving greater bearing surface, and 
diminishing the intensity of the strain upon the eyes. 
One of the links, with a 16}in. head, was accordingly 
taken, and the pin-holes enlarged to 6 in. in diameter, 
so that each pin had a semicylindrical bearing surface 
of 9.4 square inches instead of 7 square inches, as in 
the former experiment; and the result of this alteration 
was, that the breaking strain was augmented from 180 
tons to 240 tons, notwithstanding that the head had 
less metal in it than before. Further experiments, 
subsequently made, indicated that the diameter of the 
pins might have been still more increased with advan- 
tage, the best proportions appearing to be those which 
gave each pin an area of semicylindrical bearing surface 
about equal to the least sectional area of the links. Sir 
Charles Fox considers that it is best to make the bear- 
ing surface slightly in excess of the proportion just 
mentioned, and he thus gets, for the pins of suspension- 
chains, the simple rule that the diameter should equal 
two-thirds the width of the body of the links. 

As the sectional areas of the pins increase as the 
squares of their diameters, whereas the bearing surfaces 
increase only as the diameters directly, it follows that 
whilst, in the case of small sizes, a pin of the requisite 
sectional area may give an excess of bearing surface, 
so, on the other hand, a large pin having the requisite 
bearing surface will have an excess of sectional area. 
In cases where the pins are exposed to “ single shear,” 
the change from the one condition to the other will 
take place, with links 1 in. thick, at that size of pin, 
which has a semicircumference in inches equal to its 
sectional area in square inches, or at a diameter of 
2 in. ; with thicker links this diameter will be less, and 
with thinner, greater. In pins of large size, when, in 
order to obtain the requisite bearing surface, the 
diameter is made much larger than would be necessary 
to give the proper sectional area, the dead weight may 
be diminished + making them hollow, care being of 
course taken that the thickness of such tubular pins is 
sufficiently great to prevent any distortion taking place 
when strain is applied to them. 

In determining the proportions of the eyes through 
which the pins are passed, it must be remembered 
that the strain upon the metal composing them is not 
uniformly distributed, the stress being more severe 
upon the inner parts than upon the outer. To com- 
pensate for this, Professor Rankine advises that the 
sum of the sectional areas of the two sides of an eye 
should be made one-half greater than would be re- 
quired if the strain was uniform. The experiments on 
the links for the Dnieper bridge, above mentioned, 
show, however, that a less proportion than this is suffi- 
cient. The links tested had, when fitted with the 6 in. 
pins, but 54 in. of metal on each side of the pin-hole, 
whilst the body of the link was 103in. broad; and, 
under these circumstances, the breaking strain was 
240 tons against about 270 tons, which, according to 
the trials of the iron, would have been required to 
break the link through the body. From these results 
Sir Charles Fox estimates that the sum of the widths 
of the two sides of the eyes should be about 10 per 
cent. greater than the width of the body of the links, 
this rule, of course, referring to those cases in which 
the link and eye are of uniform thickness throughout. 

When circumstances will allow of its being done, 
the best way to obtain the requisite bearing surface 
for the pins connecting links of small thickness in 
proportion to their section, is to increase the thickness 
of the eyes beyond that of the links themselves. ‘This 
allows the metal around the eye to be made narrower, 
and it thus consequently dimimishes the inequality of 
the strain throughout its section. Where the links to 
be connected are of square section, or are of consider- 
able thickness in proportion to their sectional area, 
this thickening of the eyes becomes unnecessary, as 
sufficient bearing surface is given without it. A rule, 
for the size of eyes, which has been much used, and 
which gives generally very good results, is to make the 
outside diameter of the eye equal to twice the diametee 
of the pin passed through it, and then to increase thr 
thickness until the requisite sectional area is ob- 
tained. 





A Wuirtwinp.—On Saturday last « veritable whirlwind 
passed over the River Wharte, sweeping up tons of water. It 
tore up the roof of a farmhouse, and in many ways exhibited 
terrific force. 
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SHOT AGAINST ARMOUR-PLATES. 


Tue penetrating or smashing force of shot, and the 
resistance of armour-plates, are questions which 
would, we might suppose, be readily determined by the 
application of the simple laws of dynamics. The 
energy, or the accumulated work stored up in the shot, 
is calculable from its weight and velocity, being repre- 
sented by the product of the weight into the height 
from which a body must fall 7 vacuo to acquire the 
given velocity. ‘The weight being taken in pounds, 
and the height, due to the velocity, in feet, the product 
will be in foot-pounds. And as for the armour, its re- 
sistance would appear to be measured by the total co- 
hesion of the section which would be cut away by the 
shot in passing through it, this cohesion being 
multiplied by the thickness of the armour. Thus, to 
cut a 7in. hole through a 6in. plate of a tensile 
strength of 50,000 lb. per square inch, we should cut 
through 22 x 6=132 square inches of metal, offering a 
static resistance of 6,600,000 Ib., and the work done in 
overcoming this resistance through a distance of 6 in. 
would be 3,300,000 foot-pounds. 

This would at first sight strike the mind as the 
natural and proper mode of investigating the question 
of the resistance of armour. But while it would lead 
to the conclusion that a plate having a tensile strength 
of 100,000lb. per square inch would be twice as 
effective in keeping out shot as one of 50,000 lb., we 
have the fact that metal of very high tensile strength 
is almost worthless for armour. In other words, 
although it would offer greater resistance to slow 

unching, it breaks up under heavy blows. The sub- 
ject is still further complicated by the fact that when 
plates are punched by shot, the part punched out is 
not a cylinder, but a frustrum of a cone, very much 
larger at the back of the plate than in front. Nor 
can we, knowing the energy, or stored-up work, in the 
shot, regard it merely as a punch and calculate upon 
its whole energy as being expended upon the plate. 
The least change in its own form represents so much 
loss of useful effect, and cast-iron shot, such/as the 
Americans use in their heavy guns, are believed to 
have wasted nearly half their energy, in some cases, in 
breaking up on striking. Even hardened steel shot 
are heated and distorted to an extent which, admitting 
as it does of calculation, amounts to one-tenth their 
energy. 

At present we have no well-established theory of the 
resistance of armour beyond the general facts that, 
as might be expected, it depends upon the dynamic 
resistance, and not merely upon the static resistance 
of the material, and that the dynamic resistance of 
good plates is necessarily as the square of their thick- 
ness. By dynamic resistance is meant the product of 
half the breaking, punching, or shearing strength of 
the metal smaltiptied by the extent to which it yields 
before rupture. Mr. Fairbairn’s researches go to show 
that the dynamic resistance of thick plates is much 
greater, for each square inch of strained metal, than 
that of thin plates. Thus, while the mean ultimate 
elongation, per unit of length, before yielding to a 
a stretching force, was 0.0333 for 4 in. plates, it was 


0.1717 for 1}in. plates and 0.2728 for 3in. plates. | 


We cannot, however, accept the conclusion apparently 
indicated by these observations as a fact applicable to 
nractice. For if the length of the plates (and Mr. 
Pairboien does not give this) was short in comparison 
to its thickness, the thick plate would stretch much 
more than the thin one before breaking; but if the 
length were considerable, say 5 ft. or 6 ft., the differ- 
ence would be very little. 

Professor Rankine has lately endeavoured to form a 
“ provisional theory” (see page 16) of the resistance 
of armour-plates, or rather to fix a mode of calculating 
the strains, within the limits of the volume subjected 
to strain by a striking shot, which is treated quite 
irrespective of its form. The conclusions are purely 
mathematical, and appear open to grave doubts. For 
instance, the conclusion is drawn that a 3in. plate 
faced (not backed) with 4in. of wood offers nearly 
twice the dynamic resistance of the plate by itself; in 
other words, that nearly twice as much powder would 
be required to penetrate the plate thus faced, that 
would suffice to perforate the plate by itself. A very 
doubtful experiment recorded by Mr. Fairbairn is made 
to give some — support to this conclusion ; but 
while, if the latter is not correct, the whole “ pro- 
visional theory” falls to the ground, Professor Rankine 
is forced to admit that it is very doubtful how far the 
theory is applicable. The resistance of thin oak placed 
over armour is believed to be so insignificant that but 
few experiments have been made to arrive at it with 
exactness. Mr. Holley gives an account of one ex- 
periment where a 4} in. forged scrap plate was faced 





with 12 in. of oak, and backed with 20in. more. The 
plate was set up against a bank of solid clay. An 
11 in. cast-iron solid round shot, weighing 168 ib, was 
sent through the whole affair, and 3 ft. 6in. into the 
clay, by a 301b. powder charge. The hole made in 
the plate was 15} in. in diameter, and the shot was not 
broken up. After Professor Rankine’s speculative de- 
duction, however, that while the dynamic resistance of 
a 3in. plate toa 4.8 in. shot is 432,525 foot-pounds, 
that of the same plate faced with only 4in. of wood 
is 828,803 foot-pounds, the emperiment deserves to be 
carefully tried. We do not anticipate that much dif- 
ference would really be found. If thee were, and it 
was therefore thought best to face armour with wood, 
an enemy would begin an action by firing a few live 
shells with slight driving charges but with heavy 
bursting —_ into this facmg, which we may 
conclude would thus be disposed of in a very few 
seconds. Another inference to which Professor Ran- 
kine’s speculations have led him is that it might be 
advisable to place the thickest armour at the back, 
thinner plates in front, and wood between. He pro- 
peers however, a sufficiently thick outer plate to 
break up cast-iron shot, but says nothing of their size, 
weight, or striking velocity. If the outer plate let 
in shells, they would make short work of the backing, 
and would, no doubt, tear off the outer plates bodily, 
leaving only the inner plates on the ship’s side unpro- 
tected by backing. Such a ship would be destroyed in 
detail. But if the outer plate is, as suggested, to be 
really thick enough to break up cast-iron shot, and if 
we are to understand these to be the. heaviest shot, 
then the incorporation with its own thickness of that 
of the inner a making a single solid plate of more 
than twice the thickness of the outer plate, would pro- 
bably keep out all shot whatever, whereas, by the 
division of the plating, the ship would, as we have 
said, be probably destroyed in detail. 

Captam Ericsson’s rule for the resistance of armour 
will be found in the letter of “An American Engineer,” 
in our last number. It is simple at any rate, and we 
believe its results generally do agree very well with 
a where the shot is not broken up. Professor 

Rankine, on the contrary, adopts as a fact, what is at 

best but an assumption, that one-half the energy of all 
cast-iron shot is lost by breaking up, and he actually 
proceeds upon the assumption of this es in cases where 
it does not appear that the shot has broken up at all. 
It is only thus that he obtains even an approximate 
agreement between the results of his “ provisional 
theory ” and those of practice, Here are two targets ; 
the Warrior’s, with 44 in. plates, 18 in. of backing, and 
a 3%;in. inner skin; and the Minotaur’s, with 5} in. 
plates, 9 in. backing, and a 3 in. inner skin. The pro- 
fessor, after what, without disrespect we must be 
allowed to call a course of mathematical gymnastics, 
arrives at the conclusion that the “ probable ” dynamic 
resistance of the first target to a 6.9in. shot is 
2,998,098 foot-pounds, while that of the second target 
to a 104 in. shot is only 3,641,874 foot-pounds ! The 
outer plate is lin. thicker, the inner plate 7, in. 
thicker, and the shot-hole more than one-half larger, 
et the dynamic resistance, with 9 in. less wood back- 
ing, is but 224 per cent. or so greater! The fact is 
recorded that the 10}in. shot, with 7,084,000 foot- 
pounds of energy, failed to quite penetrate the target, 
but this is at once manipulated to suit the theory by 
throwing off exactly one-half this energy for loss in 
breaking up, although it is not even distinctly stated 
whether, in point of fact, the shot did break up at all! 
The trial of a 2501b. steel shot with about 7,000,000 
foot-pounds of energy, against the Royal Sove- 
reign’s turret, would appear to disprove the theory. 
The Warrior’s target was penetrated by a steel shot 
6.9in.: in diameter, with 3,270,000 foot-pounds of 
energy ; but here, of course, nothing is thrown off for 
breakmg up, and in point of fact the shot did not 
break up. The “ provisional theory” is guarded by 
many reservations as to the insufficiency of experi- 
mental data, &c., and while we are certain it has been 
yut forward with the utmost candour, and while we 
cas the greatest respect for its author, we believe it 
to be unsound in at least one of its assumed facts, and 
to be quite inconsistent with experience, as well as 
with existing theories in its application. 








Tue Merropouitan Rarway.—On Saturday last the 
broad-gauge section of this line, between Aldersgate-street 
station and the Moorgate terminus, was finally inspected by Mr. 
Myles Fenton, the general manager, Mr. Burnett, the resident 
engineer, and other officials, preparatory to its being opened for 
passenger traffic. 

RatLways AND WAr.—The Prussians have destroyed nearly 
all the bridges on the Austrian Northern Railway between Cra- 
cow and Oderburg, thus interrupting the communication between 
Silesia and Bohemia. 





CANAL-BOAT ENGINES. 


Amoncsr the several canal companies who have introduced 
steam power on their canals is the Grand Canal Company of 
Treland, who have now at work three steamboats of the class 
shown by the illustration on the following page. A model of 
these vessels, together with a photograph of their machinery, was 
exhibited at the recent conversazione of the Institution of Civil 
Engineers by Mr. Samuel Healy, the secretary to the company, 
the boats themselves having been designed under him and Me. 
Wm. Fairbairn, by Messrs, Hudswell and Clarke, of Leeds, who 
— the moda, from which the boats were constructed, to 
the builders, Messrs. Grendon and Co., of Drogheda. The boats, 
which are named respectively the “ Limerick,” “ Dublin,” and 
“Athlone,” are each 71 ft, Gin. in extreme length and 13 ft. 
Gin. in breadth, and have a gross tonnage of 65 tons. The 
length of the hold is 35 ft., and the depth 6 ft., whilst the length 
of the engine-room is 17 ft. Gin. The boats carry 50 tons of 
cargo, and their draught when loaded is 5 ft, 1 in. ; they are made 
of iron, the plates being } in. and ,,in. thick. 

In our engravings, Tips. 1 and 2, which are respectively a 
longitudinal section and plan, show the general arrangement of 
the boats and machinery, whilst Figs. 3 and 4 are an enlarged 
section and plan of the machinery, and Fig. 5 a yy 
cross section. The machinery was constructed by Messrs. 
Hudswell and Clarke, and its arrangement is shown by the 
figures just mentioned. It will be seen thatit consists of a pair 
of inclined high-pressure engines, coupled direct to the screw- 
shaft, which is inclined upwards from the engines towards the 
sternend. The cylinders are 7} in. in diameter, with a stroke of 
12 in., and are each fixed to a pair of inclined wrought-iron 
frames, which are in their turn firmly connected with the sides 
and bottom of the vessel, by plate stays or gussets, as shown in 
Figs. 4 and 5. A pair of wrought-iron beams are also carried 
across the vessel above the boiler, to which they are attached, 
these beams connecting the upper parts of the engine-frames, 
and also supporting the reversing handle brackets, ‘The engines 
are fitted with “ shifting link” reversing gear arranged as shown 
in Fig. 5; the valve gear for both engines being driven from one 
pair of eccentrics, 

The screw shaft is, as we have already stated, inclined up- 
wards towards the stern end, where it passes through a stuffing- 
box, as shown in Fig. 8. The screw, which is four-bladed, is of 
wrought iron, and is 4ft.in diameter. It is made in two parts, 
which are put on the shaft one behind the other, the two 
blades on the fore part having a pitch of 6 ft., and those on the 
after part a pitch of 6 ft.6 in. This arrangement is said to give 
good results in shallow water. 

The boiler is tubular, and of the form shown in the illustra- 
tions. It consists of a barrel about 5 ft. long by 3 ft. Gin. in 
diameter, joined to a cylindrical firebox casing 4 ft. 3 in. long 
by 4ft. Gin. in diameter. The front plate of the firebox casing 
is flanged forward to join the barrel, and backward to meet the 
plates of firebox casing; the backplate is also flanged to join 
the casing-plates and the plates of the inside firebox. The 
smokebox is formed by an extension of the barrel, and the tube- 
plate at that end is placed within the barrel and flanged forward 
to join it. The inside firebox is of wrought iron, and is cylin- 
drical. It is 2 ft. 9in. in diameter by 4 ft. long, and is formed 
of two rings of plates united by one of Adamson’s flanged joints. 
At the inner end also the firebox-plate is flanged outwards to 
join the tubeplate, The firebars are placed slightly below the 
centre line of the firebox, as shown in Fig. 3, the heating sur- 
face above them being 19% square feet. From the firebox 77 
brass tubes, each 2 in. in diameter, lead to the smokebox, these 
giving a heating surface of 212} square feet, making, with the 
firebox surface, the total heating surface of 232 square feet. A 
large steam dome, 2 ft. in diameter and 2 ft. high, is placed on 
the top of the firebox casing, and from it the steam is taken to 
the cylinders, as shown in Fig. 8. The dome is made of a flanged 
plate, and is fitted with a cast-iron cover carrying a pair of 
safety-valves, The chimney is carried up for a height of 7 ft. 
above the top of the boiler, and is 7in. in diameter. The 
boiler is carried by plate stays attached to the undersides of the 
firebox casing and smokebox, as shown in Fig. 3, and is also 
steadied by stays extending to the engine-frames, and by the trans- 
verse beams over the top before mentioned. The coals are con- 
tained in a pair of a coal bunkers, situated at the sides of the 
vessel in the fore corners of the engine-room, as shown in the 
plan; they afford accommodation for 5 tons of coal. 

The boats which we have been describing are trading between 
Shannon Harbour, King’s County, and Limerick, a distance of 
52 Irish miles. Of this distance 40 miles are on the River 
Shannon and 12 miles on the Grand Canal, there being twelve 
locks on this latter length. When they were first set to work 
the boilers were pressed at 120 1b. per square inch, but this pres- 
sure has been now reduced to 75 tr Under the higher pressure 
the engines worked at from 180 to 185 revolutions, giving a speed, 
with the loaded boat alone, of 10 English miles per hour on the 
Shannon, and from 8 to 34 miles per hour on the canal. The 
quantity of coal consumed per hour averaged 5 cwt. Under the 
reduced pressure of 75lb. per square inch, the number of re- 
volutions per minute made by the engines is from 135 to 140, 
and the consumption of coal has been reduced to an average of 
3} cwt. per hour. The speed under these new circumstances 
is, with the loaded steamer alone, 8 miles per hour on the 
Shannon, and from 24 to 3 miles per hour on the canal. With 
one 40 ton boat in tow the speed on the Shannon is 6 miles per 
hour, and with two 40 ton boats in tow it is reduced to from 
43 to 5 miles per hour. We understand that the boats are per- 
forming their duties well, and that by their use a considerable 
saving has been effected in the working of the canal. We are 
indebted to Messrs. Hudswell and Clarke for the tracings from 
which our illustrations have been prepared, whilst the particulars 
of their working have been kindly furnished by Mr. Samuel 
Healy, the secretary, and Mr. W. H. Crowther, the engineer to 
the Grand Canal Company. 








Lowrrep Lranriity.—The Crédit Foncier and Mobilier Com- 

ny are about to consider the re-construction of their capital 
account, and the reduction of the liability of the shareholders, 
by bringing down the 207. shares to 10/. 
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CANAL STEAMBOAT, GRAND CANAL, IRELAND. 
(For Description, see preceding Page.) 
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LOCOMOTIVES AND STEEP INCLINES. 


Tue last advices from Mexico confirm the deplorable 
state of the imperial finances, and we cannot but sup- 
pose that the fact must have a serious effect upon the 
operations of the Imperial Mexican Railway Com 
pany. However this may be, they are engaged upon 
the boldest railway undertaking known to engineering. 
It is a line of 265 miles from Vera Cruz, overcoming 
a summit 8400 ft. above the sea, the city of Mexico 
itself being at ‘a level of 7340 ft. What are the 
loftiest railway summits in the world to this? The 
Beattock summit on the Caledonian Railway is believed 
to be the highest in Britain, but it is hardly one-fifth 
as high as that near San Salvador, on the Mexican 
line. In the United States the summit of the Balti- 
more and Ohio Railway is 2626 ft. above the sea; and 
the late Col. Ellet’s temporary line over the Blue Ridge 
at Rock Fish Gap, since superseded by a tunnel, at- 
tained a height of but 1885 ft. On the Continent, the 
summit of the Semmering incline is 2887 ft. above the 
sea, and that of the Alar-del-Rey and Santander line, 
in Spain, is 3524 ft. high. The intended summit of 
the Mont Cenis Railway will approach nearest to that 
of the Mexican line, being 5815 ft. above the sea, but 
this, of course, is a long way inland. In India, the 
Bangalore branch of the Madras line rises to a height 
of 3000 ft. In South America, the summit of the 
Copiapo Extension Raiiway is 4470 ft. high, and, but a 
few years ago, a branch of the Copiapo line was to be 
carried to a height of 6624 ft. 1e San Paulo line 
rises 2550 ft. in five miles by means of a series of four 
inclined planes, and the Great Western of New South 
Wales has a summit of 3656 ft.; but no line, it will 
be seen, scales such a height as will the Imperial 
Mexican. 

It is not alone, however, the great absolute height 
attained, but the comparatively short distance within 
which it is gained. Thus, in a distance of but twenty- 
one miles between Ingeno and the Boca del Monte 
the line rises from an elevation of 4230 ft. to-one of 
8000 ft. above the sea at Vera Cruz. And even on 
this distance, with a gradient of 1 in 25 for. almost 
every yard of the way, the ascent is made only by a 
most tortuous course, a sinuous loop of nearly ten 
niles being made at Maltrata to gain but two miles or 
so on the direct line towards the summit above. 
Here there will be curves of no more than 300 ft. or 
43 chains radius. What would George Stephenson 
have said in his day to sucha scheme, “ Eh, man, ye’re 
“daft!” It’s the next thing to a steam lift, and really 
locomotives now-a-days have almost to climb poles like a 
bear ; indeed the mid rail of the little Mont Cenis line, 
with its gauge of 3 ft. 7% in., will represent the pole 
itself, inclined 1 in 13. The new line to Hampstead, with 
its incline of 1 in 27, is badenough, but it is only for three 
quarters of a mile, while on the Mexican line there 
will be upwards of twenty miles of a continuous rise of 
even steeper pitch. 

We believe that Mr. Samuel, the engineer to this 
remarkable railway, has not yet fully decided upon all 
the details of the locomotives for working this gra- 
dient ; but the general plan has been settled, and we 
mentioned it in brief terms in our last number. There 
will be two engines coupled with their foot-plates to- 
wards each other, but with one of Mr. Sturrock’s 
steam tenders between them. The engines and tender 
will each have six coupled wheels, 3 ft. 6 in. in diameter, 
upon a short wheel base; and both the engines and 
tender will have 16in. cylinders, the stroke being 





22 in., the six cylinders being equal collectively to a 
pair of 27} in. diameter. The whole adhesion weight 
will be 90 tons, being 5 tons on each of the eighteen 
wheels, which ought always to insure an effective ad- 
hesion of at least 13 tons, of which the engines will 
alone require (say) 4$ tons for their own ascent. With 
a mean effective cylinder pressure of 75 Ib. per square 
inch, the total steam traction would be 30,172 lb., or 
nearly 134 tons. It is evident that the permanent way 
must be of great strength to withstand not only a dead 
weight of 90 tons, but an end thrust of 13} tons, oc- 
casionally, perhaps, rising to 20 tons, within a distance 
of not much more than 40 ft. Although we are not 
informed upon the point, we presume that the inclines 
will be laid with steel rails, which have been found 
requisite at last upon both the famous Semmering and 
the Giovi inclines. We believe there are no very 
heavy works of construction on the steeper gradients, 
the Maximilian bridge, towering 353 ft. above the 
bottom of the Barranca de Metlac, being fifteen miles 
below Ingeno, at the foot of the incline of 1 in 25. 
This vast work, which will have three spans of 300 ft. 
each, is already in course of construction by Messrs. 
De Bergue, of Manchester, although at present they 
are engaged only upon the tubular piers, the design of 
the arched spans not having been definitively fixed. 

From the design of the engines it will be understood 
that it is intended to take up trains of a total weight 
of from 250 to 300 tons, or, say, from 160 to 210 tons 
exclusive of the engines and tender. At a speed of 12 
miles an hour the total work done would thus be about 
1000 horse power, requiring not far from 2 tons of 
coke or coal and 2500 gallons of water per hour. 
The station at Maltrata is about halfway up the 22 
mile incline, and the gradient is flattened there for a 
few hundred yards, and there the engines would take 
in fresh supplies of fuel and water. 

The very long and severe incline, and the remarkably 
short curves, so unlike anything before known upon a 

eat trunk railway, required engines of exceptional 

esign, and we hardly see how the case could have 
been better met than it has been. Even had Mr. Fair- 
lie tried his hand at it, he would, we think, have found 
it necessary to provide a tender, although we do not pre- 
sume to commit him upon this point. With a tender, 
it was, of course, wise to utilise its weight upon such 
an incline, and here Mr. Sturrock’s system found a 
useful application. Our objections to twin engines 
apply more especially to short passenger traffic with 
frequent stops, especially in tunnels, where the divided 
attention of the engineman would be a great objection ; 
but upon a long incline, and stopping only at the end 
of nearly an hour’s run, the objections to twin engines 
and even to the additional steam gear of the tender are 
greatly mitigated. The engines bear as heavy as is 
prudent upon each wheel, and hence the necessary 
weights could be obtained only with a great number of 
wheels, and their very number required that they 
should be grouped upon short wheel bases, each work- 
ing independently of the other. 

Of course the gradients of the Imperial Mexican are 
not absolutely the steepest that have been worked by 
locomotives, without special expedients like Mr. Fell’s 
mid rail, for supplementing the adhesion. Colonel 
Ellet’s railway over the Blue Ridge in Virginia, since 
superseded by a tunnel, was worked continuously for 
seven years over inclines of 1 in 18, and through 
curves of 44 chains radius; but, although the wheel 
base of the six-coupled engines was but 9 ft. 4 in., it 
was found expedient to keep sponges, saturated with 
oil, pressed against the flanges of the leading wheels, 
although it would be supposed that the faces of the 
+ gs would themselves occasionally become oiled at 
the expense of adhesion. The oil-sponges saved the 
flanges from cutting, and were long used. On the 
Baltimore and Ohio Railway, eight-coupled engines 
with small wheels, on a wheel base of only 11 ft. 3 in., 
drew a tender and one loaded eight-wheel wagon 
regularly for some months, in the winter of 1852, 
upon an incline of 1 in 10 and around 44-chain curves. 
We believe one of our most eminent engineers is now 
about to adopt locomotive power upon gradients of 
1 in 15, for regular working; but the Imperial Mexi- 
ean line so far presents, on the whole, the most re- 
markable example of steep inclines. 








THE REGENERATIVE FURNACE. 


Mr. Siemens has lately established a steel-melting 
furnace, upon his own account, at Birmingham, which 
is working with a degree of success hitherto unknown 
or even believed by the Sheffield steel-converters to be 
possible. We need hardly say that he employs his 
well-known regenerative furnace. One of these heats 





fourteen melting pots and a muffle, each pot averaging 
45 lb. of mild steel. There are six casts every twenty- 
four hours, so that the daily production is 3780 lb. 
One gas-producer is in use, and the consumption of 
small coal, at 6s. a ton, is 14 tons per day, or about 
18 ewt. only per ton of steel. To do the same work 
under the system of heating pursued in Sheffield, 34 
tons of coke at 25s. per ton are required, the saving 
being thus upwards of 4/. per ton for fuel alone. 

The anaes ots, moreover, stand six heats, or a 
full twenty-four hours’ work, instead of three only, as in 
the ordinary furnaces. d 

Mr. Siemens believes this to be the most important 
application yet made of the principle of his regenerative 
furnace. It is already in extensive use, however, for 
reheating steel, and for various purposes, in large iron 
and Bessemer steel works, as at Barrow-in-Furness, 
Crewe, the Mersey Steel Works, Messrs. Charles Cam- 
mell’s, &c. 

At the Mersey Steel Works, at Liverpool, the gas- 
producers were excavated in the solid red sandstone, 
which cost 4s. a yard cube for excavation and removal. 
The whole cost of the furnaces, which would ordi- 
narily be about 1500/., was carried therefore to nearly 
2500/. But we believe that the yearly saving effected 
by these furnaces is far more than would repay their 
whole cost. They are making 50 tons of iron a day, 
or (say) 15,000 tons a year, and are saving 63 ewt. of 
coal per ton of iron, the coal being worth 10s. per ton. 
There is a further saving of the iron itself, which 
Colonel Clay estimates at three per cent., equal to 450 
tons a year, worth at least 6/. per ton, or 27004. The 
saving in coal amounts to nearly as much more. 

Mr. Sacré, of the Manchester, Sheffield, and Lin- 
colnshire Railway, has had two of Mr. Siemens’s fur- 
naces at work at Gorton, since October last. In heat- 
ing rail piles of 8 ewt., it is found that but 4 ewt. 1 qr. 
5 ib. of slack, worth 5s. 6d. per ton, is used per ton of 
iron, while the consumption of coal, worth 10s. per 
ton, has been 7 ewt. per ton of iron in the ordinary 
furnaces previously employed. 


At Messrs. Johnson and Nephew’s, the extensive , 


wire-manufacturers at Manchester, who have one re- 
generative furnace at work and another going up, 1} in. 
square rods are heated with a loss of but 2 per cent. of 
iron. 

In this class of furnaces the whole of the fuel is 
burnt in the gaseous form, the gas being mixed with 
highly heated air, coming in through a mass of brick- 
work previously heated by the waste heat or ~— 
products of combustion of the furnace itself. There 
are two of these masses of brickwork, or regenerators, 
the waste heat being let out alternately, by means of 
valves, first through the one and then through the 
other, the valves being changed at intervals of greater 
or less time according to the size of furnace, quantity 
of fuel burnt, and heat required. While the waste 
heat is going out through one regenerator, the air is 
coming in through the other, the gas being thus cooled 
progressively, by giving up its heat to the brick-work 
while the air is as progressively heated. ‘The final 
temperature of the escaping products of combustion at 
the tail of the brick-work regenerator is thus brought 
down to a very low point. 

The slack coal is distilled into gases as follows: 
taking the gaseous volume as it leaves the producer and 
enters the furnace :—27 per cent. of carbonic oxide, 10 
per cent. of hydrogen, 4 per cent. of carbonic acid, 8 per 
cent. of bicarburetted hydrogen, 5 of tar and am- 
moniacal vapour, while the rest is nitrogen. 

We shall shortly illustrate the construction of one of 
these furnaces from working drawings. 








STEEL RAILS. 

Dr. LARDNER’s “ Railway Economy” was an interest- 
ing book in its time, but its time was when, as it re- 
cords, the Belgian engineers were estimating the life 
of iron railway bars at 120 years! Had it been con- 
sidered practicable, in 1863, to work the Metropoli- 
tan line with iron rails, and with coupled engines 
having 7} tons on a wheel, carriages weighing 16 tons, 
and trains at five-minute eawdie they—the rails—- 
would have required renewal probably every two 
months, and certainly within 120 days, instead of years, 
as was estimated in the halcyon period of railway en- 
terprise, when renewal accounts had not been heard of, 
and London and Birmingham shares stood at 220, and 
paid 10 per cent. dividends. Mr. Fowler adopted 
steel-headed rails, as they really were—“ converted” by 
Dodd’s process—and these answered tolerably well ; 
but it is now preferred to replace them with Bessemer 
steel, which have been so largely adopted on other 
lines, the London and North-Western Company having 
put down a capital plant at great cost, for making their 
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own rails wherewith progressively to relay the whole 
of their vast “system ” of nearly 1300 miles. 

We pointed out, in our last number, the risk in- 
curred by purchasers of steel rails—and there are now 
dozens of makers, here and abroad—that, to avoid the 
cost of the purer irons, common pigs might be melted 
for the converters, or that the metal might be run too 
hard. We have heard lately of broken steel rails, and 
there cannot be the least doubt, with those who under- 
stand the manufacture of steel, that the fault is wholly 
with the maker. The risk is one that purchasers will 
run so long, and only so long, as they accept such 
rails without subjecting them to a proper test. We 
believe that, of the many thousands of tons of steel 
rails now down in the London and North-Western 





line, not one has ever broken, with the exception of 


some point rails which had been pared down, a short 
bit at a time, at a smith’s fire, and which were not 
afterwards annealed. ‘This was a piece of carelessness 
not likely to be repeated. The company, making their 
own rails, have no inducement to attempt the nse of 
irons which are known to be unsuited to the Bessemer 
process, and we may expect, therefore, that their line 
will remain exempt from breakages, even should we 
hear of them upon other lines supplied by makers acting 
under no restriction as to testing. 

Steel rails may be and are made of a quality equal 
to that of steel axles, and we may mention two tests of 
the latter, one made by Messrs. Bessemer and Co., and 
the other by Messrs. Naylor, Vickers, and Co. They 
were laid, each, in cheeks 3 ft. apart, these being 
formed upon a cast-iron bedplate which rested upon 
masonry. A weight of 11 ewt., with a bevelled edge 
at the bottom like the back of a smith’s sledge, was 
supported upon a frame like that of a pile-driving 
machine, al it was raised successively 1 ft., 2 ft., 3 ft., 
and so on, up to 35 ft., each time falling fair upon the 
axle midway between the cheeks. When the axle had 
been bent 7 in., it was turned half over and bent back 
again by the following blows. Neither of these axles 
was broken, although Messrs. Naylor, Vickers and 
Co.’s sustained the full force of thirty-five blows from 
the 11 ewt. ram, raised progressively to 35 ft., and 
Messrs. Bessemer’s had thirty blows, the weight being 
raised progressively to 30 ft. The test was so far 
beyond anything it would ever be possible to bring 
upon them in actual use, that it was quite unnecessary 
to try further to break them. 

Rails, as we have said, can be, and some are made 
of the same or nearly the same quality as these axles, 
although no purchaser could reasonably insist upon 
such a test. Rails may be made that will bear doubling 
up, cold, under the hammer ; but a steel rail that will 
stand this without cracking will prove softer than is 
desirable, and such a test is unnecessary. Mr. Besse- 
mer’s own preference, we believe, is for the following test: 
Let an anvil block be formed with a deep V groove, 
across which let a piece of the rail be laid, spanning a 
clear opening of a foot. A short length of 3 in. round 
iron, with a long handle of much smaller diameter, is 
then to be laid acrgss the rail, under the head of a 
steam hammer, and, by repeated blows, the rail is to be 
bent down into the groove, until its sides include an 
angle of but 45°, the radius of the bend being 3 in. 
This the rail should stand perfectly, while a shorter 
radius only strains the steel needlessly. A special ham- 
mer face would be employed to go down between the 
ends of the rail as they were bent up. All steel rails 
should be subject to such a test, that is to say, one or 
two should be taken at random out of every lot, and 
be cut up and thus tried. The coming report of the 
steel commission of the Institution of Civil Engineers 
will, we trust, extend a degree of authority to this or 
some test like it. 

HEAVY ORDNANCE. 

Tue average driving force of the powder gases upon 
the shot fired from naval guns is now quite three tons 
per square inch, while the initial force of explosion is 
very much greater. Thus a 68!b. shot acquires a 
velocity of nearly 1600 ft. per second, within a length 
of (say) 8 ft. along the bore. This velocity would carry 
the shot 40,000 ft. high ix vaewo, an | represents, there- 
fore, 2,720,000 foot-pounds of work. This work is accu- 
mulated within a distance of § ft., anc by a pressure act- 
ing upon a base of 50 square inches, so that the average 
mean driving pressure must be 6800 lb. per square 
inch. 

The resistance of a gun, of given strength depends, 
however, not upon the mean internal pressure of the 
powder-gases, but upon the maximum pressure. What 
this may be we do not know, although the Americans 
have an apparatus by which they profess to ascertain 
pressures up to 70,000 Ib. per square inch. All that 








knowledge, however, which—derived as it is from ex- 
perience—guides us in fixing the form of a gun assures 
us that the maximum pressure must range greatly above 
the mean, just as we also know that the minimum 
pressure, towards the muzzle, ranges very much below 
the mean. The maximum pressure — jointly 
upon the rapidity with which the whole charge of 
powder is fired, and upon the resistance, whether of 
inertia or friction, which the shot opposes to being 
started into motion, or rather into a given rate of 
motion, for the heaviest shot may offer but a slight re- 
sistance when pushed very slowly along the bore. At 
present we so dispose the powder in the chamber, and 
so vent the gun, as to obtain the quickest possible 
ignition, and we give to the shot but a short “run” 
within which it may be acted upon by the powder- 
gases. The powder generally occupies a short and 
nearly cylindrical space within the chamber, and the 
vent is so placed as to give the shortest line for the 
spread of the fire in all directions among the grains. 
The bore, too, is so short that the full velocity of the 
shot, supposing it to be uniformly accelerated from a 
state of rest (which is not strictly the case), must be 
attained within from one-fiftieth to one-hundredth of a 
second. It is certainly a wonder, when the tremendous 
forces, at work in naval ordnance are considered, that 
cannon can be made to stand at all, and especially 
pieces of large bore. 

We know that the inflammation of gunpowder is pro- 
gressive, being communicated, not perhaps from grain 
to grain, but by the fire from individual grains pro- 
jected to a greater or lesser distance between and 
among those in front. So much is the ignition of 
gunpowder a matter of time, that it is well known that 
with an overcharge in short smooth-bore guns some 
of the powder is blown out in an unburnt state. Thus, 
in testing a 10 inch gun at Deal, 6 |b. of a charge of 
32 lb. were blown out unignited, and it was even found 
that the range was less with 32 lb. than with 26 lb. of 
powder. 

In guns of large bore, and firing heavy, solid, round 
or elongated shot, the time occupied in igniting the 
whole powder charge might be increased, and, it would 
appear certain, with a diminution in the strain upon 
the piece. It would be necessary at the same time to 
give additional length to the bore, and the mounting 
of guns in turrets gives an opportunity for doing this 
beyond what is afforded in broadside ships. The ques- 
tion of length, as connected with the endurance of 
heavy guns, has not, so far as we are aware,-been con- 
sidered in the later discussions upon ordnance, although 
the Turks, centuries ago, when they were burning slow 
powder, understood the advantages of long bores. For 
guns throwing the heaviest shot we believe great ad- 
vantage would result from doubling their length, and 
in so disposing the powder that its complete ignition 
should take twice the time it now does. The initial 
force of explosion would thus be greatly lessened, and 
the range above and below the mean driving pressure 
upon the shot would be brought to within much nar- 
rower limits. The Americans have determined the 
soda-water bottle shape of their heavy guns from a 
very conclusive course of experiments, and these show, 
and the very form of the gun itself shows, how great 
is the range between the maximum and the minimum 
pressure. ‘There are 17 inches of iron around the bot- 
tom of the bore of their 15 inch gun, and only 3 inches 
at the muzzle. The American ordnance officers took 
a gun and drilled a hole near the muzzle, and from the 
outside into the bore. Into this a bullet was placed, 
and the gun loaded and fired with its service charge. 
As the shot passed the opening under the bullet the 
latter was projected with whatever force was due to 
the expanded powder-gases, and its initial velocity was 
either measured or calculated from its re into 
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so nearer the powder-chamber, and the experiment 
was repeated, and by continuing this mode of experi- 
ment by means of holes drilled successively nearer and 
nearer to the chamber, the tension of the powder-gases 
at all parts of the bore was very nearly ascertained. 
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To fire the powder gradually, the chamber—vented, 
of course, at the rear—should be a long cone, or 
perhaps a deep annular cartridge surrounding a central 
core, as in the foregoing sketch. The long cone, if 
enlarged to the full diameter of the bore, would 
probably hold too much powder, unless the base of the 
shot were formed something like Mr. Whitworth’s, so 
as to enter into it. The other cartridge might 
be made up round a wooden core, as shown. With 
a long narrow chamber the first production of gas 
would be attended with the production of but a 
comparatively moderate pressure, which would be 
partly absorbed by the column of powder, the rest 
being distributed over the entire base of the shot. As 
the powder continued to inflame, a larger and larger 
body of it would be reached, and the portion of the 
charge next the shot would be finally burnt when the 
shot was already in rapid motion towards the muzzle. 
The time occupied in Resnier a charge could be made 
twice or even three times greater than it now is, and, 
by adding to the length ofthe bore, not only would the 
range between the maximum and minimum pressures 
be diminished, but the mean driving pressure upon the 
shot, although a given velocity might be attained on 
leaving the muzzle, would be less than it now is, the 
work done in putting the shot into its full rate of 
motion being distributed over a greater distance and 
time. 

It might be said that this mode of firing powder 
would be identical with the use of slow powder, as in 
the earlier ordnance. On the contrary, the gases from 
slow powder are comparatively of low tension, of great 
specific gravity, and consequently of comparatively 
slow notion. Slow powder, and here we insbadie cake 
powder, when placed in a cylindrical chamber, burns 
progressively in all directions, and exerts its full force, 
whatever that may be, upon the shot on starting it 
into motion. But quick powder, when burnt only 
from the smaller end of a long cone, would inflame 
with a constantly increasing force, as the quantity fired 
in each fraction of a second was increased, and it 
would give off its full impulse to the shot after a con- 
siderable portion of its inertia had been already over- 
come. Even when near the muzzle the shot would 
have a comparatively high pressure upon it, and the 
form of the gun would need to correspond to this 
ng in other words, the form would require to 
ye more like a cylinder, and less like that of a soda- 
water bottle, as in the heavy American guns. It is 
not denied that, by carrying a high pressure of gas 
towards the muzzle, a portion of the effect of the 
powder would be lost; but the consideration of the 
weight and cost of the powder is of far less conse- 
quence than that of the total work which a gun may 
be made to perform with a minimum strain at the 
breech. It might be that 100 lb. of powder, by a gra- 
‘dually increased rate of ignition, would strain a gun 
less than 60 lb. burnt as in the present form of 
chambers, and that the former might, nevertheless, 
perform an amount of useful work nearly or quite in 
proportion to its increased weight. 


THE PROPOSED CHANNEL RAILWAY. 

Beneatu the sand of the bed of the Channel, we 
believe the chalk extends the whole way across to 
France. It is through this that Mr. Hawkshaw will 
have to tunnel, supposing the proposed Channel Rail- 
way to be undertaken. What fissures it may contain 
cannot be known until the work is begun. If the 
tunnel approached within even so little as 50 ft. of the 
bottom, ies across, there would be a water pres- 
sure of upwards of 100lb. per square inch acting to 
force in the water through any fault in the chalk, 
the water being 180ft. deep in mid-channel at 
the intended point of crossing. The work is one 
upon which the greatest amount of skill ever applied 
to any engineering undertaking will be vanbeel but 
it is believed to be entirely practicable. It will, if 
carrjed out, introduce some new modes of working 
unde r water, but these have, we believe, been foreseen, 
and are to a great extent already settled. The tunnel 
could be rapidly cut on each working face, and would 
be strongly sheathed internally as it proceeded, while 
long and narrow horizontal borings would be extended 
well ahead of the work to feel for water. The shafts 
in the open sea will, of course, require great care in 
their design, placing and working, but it is believed that 
they will offer no difficulty that cannot be surmounted. 
The railway would, we may presume, be worked upon 
the atmospheric principle, as smoke could not be 
tolerated in a tunnel twenty-two miles long. It would 
then be easy to dispense with the shafts after they had 
served their purpose in the construction of the tunnel, 
and thus to guard against the fear of any irruption from 
the sea, unless it were caused by an earthquake. 
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THE AMERICAN MONITOR. 


_ Tue Miantonomoh will soon arrive in the Thames, 
where thousands who have not had time to run down to 
Portsmouth will have an opportunity of seeing her. 
There is, we think, considerable misconception as to 
her real powers, except in that of resisting shot. She 
has been called a ship of but 1500 tons, while, accord- 
ing to English rating, she would count between 3000 
and 4000, and her displacement, when ready for sea, is 
between 4000 and 5000 tons. We do not know what 
ower has been assigned to her twin-screw engines, 
but they comprise two pairs of 30 in. cylinders and 
27 in. stroke, and would be rated as collectively of 
about 200 nominal. They are understood to work to 
near 1500 indicated, but they can only drive the ship 
at nine knots at the utmost. 

It is believed by many of our naval officers that we 
have a number of ships which could run right over the 
Miantonomoh, and the beak of the Pallas is 18 in. 
below her overhanging side armour. The American 
vessel might elude one ship attempting to ram her; 
but were she beset by two or three, she could hardly 
escape a blow, and which might, and we think would, 
send her to the bottom, for she has no great amount of 
flotation beyond her displacement. 

As to her guns, there is great reason to doubt their 

ower against armour. It is true, we are told they can 
i fired with 601b. charges, but we ask, how many 
times repeated ? So can our 9 in. rifles be fired with 
60 Ib., and they would not probably burst at once with 
even a 100 Ib. charge. We shall not be soon convinced 
that cast iron is as strong as wrought iron and steel. 
The Americans may as well admit that they do not 
pease the means, even if they have the skill, to make 
ieavy wrought-iron ordnance, and they have thus done 
the best they can with cast iron; much better, we 
believe, than we could expect to do with our own cast 
iron, but still less than we could do with wrought iron 
and steel. It has been stated, too, that the Mian- 
tonomoh’s gun was “‘spoilt,” and her turret ‘put out 
of order” by her single fire of a solid shot, with a 35 Ib. 
charge, and that she is refitting at Cherbourg. 

We know how little effect 45 lb. of man and a 
250 1b. steel shot produced upon the turret of the 
Royal Sovereign. This shot was 9in. in diameter, 
and made, we might say, for penetration; and if it 
could not get through the armour of the turret, it is 
reasonable to infer that it could not have gone through 
that of, say, the Minotaur. And if it could not, how 
could a cast-iron shot, itself liable to break up, and 
having to punch a 15 in. hole, if it punched at all, be 
expected to go through with only 35 lb. of powder ? 

The Miantonomoh is an example which should stimu- 
late us to still greater exertions, and we should be 
more than ever ready to divest ourselves of prejudices 
of whatever kind. Sir John Pakington, as the First 
Lord of the new Admiralty, has a good opportunity 
before him, as he is not committed by any official 
routine, or even precedent, and we look for a com- 
prehensive grasp of the whole question of our naval 
construction and, if it should come to that, recon- 
struction. 








PORTABLE ENGINES. 


Tue influence of the engineering advisers to the 
Royal Agricultural Society is one of the chief impedi- 
ments to the improvement of portable engines. ‘Lhese 

entlemen will not sanction pressures greater than 50 
b., notwithstanding that hundreds of farm engines 
(ploughing and traction engines) are working safely 
and satisfactorily at 100 lb. to 120 Jb., and in the 
quadrennial tests for prizes they will not permit the 
engines to be worked above their nominal power. 
The term “nominal power,” as applied to any engine, 
is an anachronism and even an absurdity. If it have 
any sense or fitness, it is solely as a commercial unit, 
whereby to buy and sell steam engines. Fortunately, 
we think, the term has hardly ever been applied to 
railway locomotives; at any rate, the application is 
never recognised by locomotive engineers. We say 
fortunately, because we really believe that the very 
use of the term has had an effect in checking the im- 
provement of other classes of engines; and no other 
engines have so much in common with locomotives as 
ortable engines ; and the term “nominal power” is as 
mapplicable to one as to the other. There is a kind of 
accepted ratio, however, of nominal to indicated 
power, even in the case of portable engines; some- 
where about twice the nominal being expected in regu- 
lar work, although in the case of traction engines the 
proportion of indicated to the nominal power rises to 
four or fivefold. Portable engines should be designed, 
as nearly as possible, for the real work they have to do, 





and they may then be constructed to do this work very 
economically ; but, having no condensers, they could 
not be worked at but one-third or one-half their in- 
tended power without a considerable proportionate loss. 
We lately sketched out a class of portable engines with 
a 6 in. single cylinder and 9 in. stroke, to be worked 
with 150 ib. steam at 300 revolutions per minute, the 
steam being expanded, say, eight-fold. The better 
practice of fiw engine makers is already tending 
towards such pressures and speeds. Such an engine 
should give off about 15 indicated horse-power. ‘Ihe 
rule for nominal horse-power would, however, allow 
but 4; and were such an engine entered for competi- 
tion at the shows of the Royal Agricultural Society, 
Messrs. Easton and Amos would only permit it to be 
worked at 4 actual horse-power, and they would have 
the safety-valves set to 50 lb. only, no matter if the 
boiler were good for 500. Of course, with but one- 
third its intended pressure, and working up to but one- 
fourth its intended power, such an engine would cut a 
sorry figure. It would do no good for itself nor for 
its maker, coming off at best with the faint praise 
which really amounts to damnation. Indeed, the 
yokels might well imagine the “utter and absurd 
fallacy” of high-pressure steam, high-piston speed, and 
expansion, as applied to this class of engines, proved 
even beyond the dogmatism of a would-be authority. 

No present maker of portable engines cares to 
undertake the design and construction of a class which 
would be morally certain to show no advantages, but 
possibly some disadvantages, under the discipline of 
the Royal Agricultural Society’s consulting engineers. 
But are there not makers who can command a trade 
for portable engines quite independent of their applica- 
tion to agricultural purposes, and independent, conse- 
quently, of the society and its engineers? We think 
so. Portable engines are now very widely used by 
others than farmers. Messrs. Young, Carrington, and 
Co., of Perth, who are extensive makers of portable 
engines, make a class, the strength and weight of 
which, as referred to their “nominal power,” would 
even be considered objectionable by the squires and 
farmers who assist at the great annual festivals of “ The 
Royal.” Where the average weight, empty, of the 
8-horse engines of most other makers is 68 ewt., theirs 
is 90 ewt. Their 4-horse, indeed, weighs 60 cwt., 
while their 12-horse weighs 114 ewt., the general ex- 
cess of weight averaging quite 25 per cent. over the 
usual patterns which serve for farm use, but which are 
not sufficiently strong for contractors and manufactur- 
ing engineers. 

That the obstructiveness of the Royal Agricultural 
Society’s engineers will at last give way we have no 
doubt; but this is more likely to happen after than 
before an improved class of portable engines has been 
brought into use. Such engines should be designed 
by engineers like Mr. Ramsbottom or Mr. Beyer, and 
we should be curious to trace the points in which their 
plans would differ from those of the engines which we 
saw the other day in a row at Salisbury. Is there not 
a clumsiness, amounting to rudeness, in bolting a 
cylinder upon the raised crown of a firebox, and a great 
pair of straddling cast-iron horns called “ brackets” 
upon the other end of the boiler, and in then setting 
to work an alternate strain of a ton and a half— 
pulling and pushing between the cylinder and the 
“brackets” four or five times every second? The 
cylinder stands all out of doors, taking great gulps of 
wet low-pressure steam from directly over the firebox; 
and the boiler, which has heating surface enough for 
40 or 50 indicated horse-power, were the steam pro- 
perly economised, makes hard work of it in supplying 
15 or 20. Verily we need a reforming hand among 
the portables. They are — generally from 6 lb. 
to 8 lb. of coal per dynametrical horse-power per hour. 








Tue Parts Exuisrtion.—The Council of the Insti- 
tution of Civil Engineers, to whom was confided, some 
time since, the allotment of space in the forthcoming 
Paris Exhibition, for engineering and mechanical exhi- 
bits from Great Britain, will probably decide the allot- 
ments either to-day (Friday) or to-morrow. We can- 
not say whether they have availed themselves of the 
suggestions of the superintendent of the Internationa! 
Exhibition of 1862, Mr. D. K. Clark, but the sulject 
is oue upon which, from his experience, he could no 
doubt give valuable advice. We are pleased to state 
that the eminent engineer, M. Flachat, is president of 
the section of the “jury d’admission” for railways, and 
works connected with them, to be represented in the 
Exhibition. 

PortaB_Le Encrxes.—One well-known firm of agricultural 
engineers are now working a portable engine with 8 in. stroke, 
at 250 revolutions per minute, the pump being worked from a 
second motion, at half speed. 





LOCOMOTIVE AXLE-BOX GUIDES. 


Tuere are few things more destructive to a loco- 
motive engine than the existence of any considerable 
amount of “ play” or looseness between the drivin, 
axle-boxes an their guides or rubbing pieces. Suc 
“play,” when it once exists, increases rapidly, and 
leads to many evils; it is apt to cause the ure of 
frames and crank-pins, and soon gives rise to a “ knock” 
between the axle and its bearings, the latter being a 
thing which is somewhat difficult to remedy. In the 
case of coupled engines it is even more injurious than 
in those with a single pair of driving wheels, and now 
that engines of the former class are so extensively em- 
ployed for running fast passenger trains, and are con- 
sequently worked at a high speed, it is more than ever 
important that such looseness should be prevented. 

nder these circumstances, it is curious that 
“ wedges,” by the employment of which all wear can 
be readily taken up as it occurs, should not be more 
extensively adopted. Axle-box wedges have for man 
years been regularly used in America, and in this 
country they were applied by Mr. John V. Gooch to 
the “ Snake” and pro engines on the South-Eastern 
line ; and a little later, in 1851, to some tank engines 
on the Eastern Counties, now the Great Eastern Rail- 
way, where he afterwards used them extensively. Mr. 
Sinclair has also used them in the Caledonian and 
Great Eastern lines, and Mr. Wm. Adams on the North 
London Railway. They are and have been likewise 
adopted on several other lines; but, notwithstandin, 
this, their employment as yet forms the exception an 
not the rule, 

In the subjoined diagram we give an outline of a 
food arrangement of axle-box guides with a wedge. 

he casting, forming the guide or rubbing piece on 
one side and the slide for the wedge on the other, is 
carried across the top of the axle-box, and its upper 
flange thus tends to strengthen the frame at that part. 
In some cases the flange may be extended, as shown 
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by the dotted lines, with advantage. The objection 
is sometimes raised to this arrangement of axle-box 
guides, that the upper part prevents the top of the 
axle-box from being readily accessible for the purposes 
of trimming the oil-holes, &c. If, however, sufficient 
space be left between the top of the axle-boxes and the 
upper part of the guides, this objection has not much 
weight, whilst in some cases, where the space is limited, 
the flange only of the guides need be carried across the 
top. The flanges should be sufficiently wide to allow 
of the bolts being “ zigzaged.” 

A good taper for the wedges is 1 in 8, and there should 
be at least 2 in. or 24 in. clearance allowed between the 
top of the wedge and the top of its slide, when the axle- 
boxes are new. The stud or screw for raising the wedge 
may be either screwed into its thicker end, or it may 
be attached as shown at A on the figure, the latter 
being, we consider, the better method, and less liable to 
give trouble through breakage. According to the plan 
shown at A, the screw is formed with a ‘ind of flat- 
tened-bulb head, this head fitting into a hole bored 
into the wedge, whilst the shank of the bolt lies ina 
slot cut from this hole to the bottom of the wedge. 
The screw can thus at any time be easily removed from 
the wedge by lowering the latter, and any injury to the 
thread, &c., may be thus readily put right. The horn- 

late stays below the rubbing pieces should not only 
. provided with bolts fitted well to the stays and 
frames, but should be made so that they also clip the 
frame, and so relieve the strain upon the bolts. Horn- 
plate stays are too often applied carelessly, whereas, if 
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they were well fitted, they would in oy | cases prevent 
a frame from being broken above the axle. 

Until quite recently, rubbing pieces were generally 
made of cast iron, the few exceptions to this rule being 
made of wrought iron ; lately, however, they have been 
in many cases made of Bessemer or other cast steel, 
with excellent results. Amongst others, Mr. Wm. 
Adams has applied a number of cast-steel rubbing 
pieces to his engines on the North London Railway, 
and has found them stand wear exceedingly well ; in 
some instances they have been in use upwards of 
twelve months without the tool marks being worn out 
of them. In addition to their extra durability, the 
steel axle-box guides, if made as shown in our sketch, 
afford considerably more support to the frames than the 
cast-iron ones do—an important advantage in some 
cases, where the depth of the frames above the axle- 
boxes is rather limited. Whilst speaking of this latter 
point, we may mention that Messrs. Beyer and Peacock, 
in some of their engines, do not deepen the frames at 
all above the axles, but strengthen them by forging 
the rubbing pieces solid with the frame, and making 
the thickness of the latter at those parts above the 
axles equal to the width of the cheeks of the axle-box 

uides. The engines on the Metropolitan Railway 
ioe their frames made in this way ; they are not fitted 
with wedges. 

Forging the rubbing ‘pieces solid with frames, of 
course, prevents any of the looseness which sometimes 
occurs when they are bolted on; but by good propor- 
tions and workmanship the last-mentioned incon- 
venience can always be avoided, and we think that the 
cast iron or steel employed for the bolted-on rubbing 
pieces forms a far better working face than wrought 
iron. Of course, however, the solid forged guides 
could be faced with steel, and fitted with steel wedges, 
although we do not know of any cases in which this has 
been done. With these additions they would probably 
make one of the best possible forms of horn-plate and 
rubbing pieces, as they would have all the pe so bene 
of the steel rubbing pieces as regards wear, whilst the 
space saved by making the frame of increased thick- 
ness, instead of increased depth, would in many cases 
be very useful for the accommodation of springs, &c. 

The only objections which we have ever heard raised 
against the use of axle-box wedges are that they entail 
an increased number of parts, and that, in some in- 
stances, the drivers either screw them up too tightly, 
and so cause the sticking of the axle-boxes, or do not 
screw them up at all, so that the engines might as well 
be without them. As regards the first of these objec- 
tions, we can only say that the slight addition to the 
cost of an engine due to the application of the axle-box 
wedges bears scarcely any proportion to the saving 
effected in the wear and tear of the axle-boxes and 
brasses, to say nothing of the reduced liability of 
breaking a frame ; whilst, as regards the second objec- 
tion, we may simply state that it seldom applies where 
careful men are employed. On the North-London 
line, Mr. Adams has taken the tightening up of the 
wedges entirely out of the hands of the drivers, and 
has made it one of the duties of the foreman of the 
running-shed, who tightens up the wedges of each 
engine at stated intervals. This plan is a very good 
one, and might be adopted with advantage elsewhere. 


BREECH-LOADING GuNs.—The Austrian cause has 
been lost, not from the want of generalship or bravery, 
but because the Prussians could fire three shots to 
one of their enemy, by means of the needle gun. 
Suppose we had to set fifty thousand soldiers in the 
field this year against a foe similarly or better armed, 
what but the annihilation of our forces could we ex- 
ry ? The Enfield rifle is all very well for precision, 
ut for rapidity of fire it is but little better than 
brown bess. Our Government have been delaying for 
years, and have only at last ordered the conversion of 
20,000 Enfields to the Snider pattern, while the in- 
ferior needle gun has placed nearly 30,000 men dors de 
combat. Meanwhile all the successful breech-loaders 
are of American origin. There is the Mont Storm, 
the Spencer, the Gulaee and now the Peabody rifle, 
which we illustrate in another column. Most of these 
can fire fifteen rounds @ minute fcr rapidity, carrying 
a safe cartridge containing its own ignition, the Mont 
Storm rifle having now been adaptec. to this by Captain 
Selwyn, R.N. They are all gas tight, they all with- 
draw the copper cartridge case after explosion, and 
either one of them used against troops armed with 
ordinary muzzle-loaders would give an advantage equal 
to a double preponderance of numbers. 

Tue Last or tux Corron Famine.—A recent report pre- 
sented to Mr. Villiers by Mr. Rawlinson, C.B., Government 
engineer, states that the Public Works office in Manchester will 
be broken up this year, when Mr. R. Arthur Arnold, the resident 
Government inspector, will leave the district. 


SAFETY VALVES, GREAT NORTH OF SCOTLAND RAILWAY. 
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In recent numbers of this journal* we gave some articles on 
safety-valves and safety-valve levers, in the course of which we 
described and commented upon several of the principal varieties of 
those details now in use; and we now give an illustration show- 
ing a form of safety-valve lever employed by Mr. William 
Cowen on the Great North of Scotland Railway. It frequently 
happens that the pins at the joints of ordinary safety-valve 
levers are fitted into their places far too tightly, and the conse- 
quence is that considerable force is sometimes required to move 
the levers, even when the pressure of the spring-balance is re 
moved. In other cases also, the pins sometimes rust fast if the 
engine to which they belong is laid on one side for a few days; 
although this source of danger and annoyance can be removed 
by the employment of brass pins, as is done by sone locomotive 
engineers. ‘The way in which the levers shown in our illustra- 
tion are mounted renders “sticking” from either of the above 
causes impossible, and at the same time it gives them very great 
freedom of movement, Figs. 1 and 2 are sections of the arrange- 
ment; Fig. 3 is a plan, whilst Fig. 4 is an elevation of the 
fulcrum of one of the levers, and Figs. 5 and 6 a vertical section 
and sectional plan of one of the valves. 

The valves shown in our illustration are 2? in. in diameter, 
and have consequently an area of 5.939 square inches. ‘The 
total length of each of the levers is 1 ft. 6,°; in., and the distance 
between the fulerum and the centre of the valve 3;;in., so 
that the long and short arms of the lever are in the same 
proportion to each other that the area of the valve in square 
inches is to unity, or, in other words, they are as 5.939 to 1. 
The valves are, as shown in Fig. 5, of the conical form which 
we commended in one of our previous articles, and from the 
bottom of the cup of each of them a short stud, pointed at both 
ends, extends to a conical depression formed in the proper place 
on the underside of the lever. Each of the fulcra is formed by 
a stud screwed into the safety-valve seat, each of these studs 
ne a slot in it 2}in. high by 3 in. wide, with the upper side 
shaped into a knife-edge, as shown in Fig. 1. The levers, which 
are in. thick, and are therefore quite free in the slots of the 
fulcra, have their ends formed as shown in the same figure, and 
they thus work upon the knife-edges of the fulera. The spring- 
balance nuts also bear upon washers furnished with knife-edges 
on their underside, as shown in the engraving, and there are 
thus no joints to set fast. Both the knife-edges of the fulcra 
and the bearing surfaces of the levers are made ot pieces of 
steel welded into their places and hardened after finishing. 

It will have been noticed, from the dimensions of the valves 
and levers which we have given above, that no allowance has 
been made in this arrangement for the pressure put upon the 
valves by their own weight and that of the levers. Mr. Cowen, 
however, considers that the slight “setting” of the spring- 
balance springs, which takes place after they have been in use 
for a short time, practically compensates for this excess of 
pressure. It will also be seen that Mr. Cowen employs the com- 
paratively small valves, and consequently short levers, recom- 
mended in the articles to which we have already referred, and he 
states that he finds them very sensitive, and that, in the engines 
fitted with them, the pressure never rises more than 5 lb. above 
that to which the spring balances are screwed down. He also 
uses flexible spring balances, the range of the springs being at 
least in. for each 10 1b. of load. Our illustration was prepared 
from « tracing kindly furnished by Mr. Cowen. 








Tae New Bricuton Lixe.—The bill for the new line to 
Brighton, which has passed the Commons, is to be made the 
subject of a special report in the committee of the Lords, 
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A TUNNEL UNDER THE ENGLISH 
HANNEL. 
A WELL-KNOWN correspondent of the Times, “ Y,” thus state 
what has been for some time understood in professional circles : 

“ During many years the scheme of connecting France and 
England by means of a highway under the Channel has from 
time to time been proposed, but it has hitherto been generally 
regarded as too extravagant for serious consideration. Projects, 
however, which formerly would have been pronounced absurd 
have in these days been carried into effect, and we now wonder 
at the ignorance and tardiness of our predecessors respecting 
inventions which to us seem excessively simple and obvious. A 
few years will probably suffice to determine the practicability of 
solving the great — of a submarine road to the Continent. 
It is a problem which may well inspire the boldest living engi- 
neer with apprehension, for failure will cause enormous pecuniary 
loss, and jeopardise even the most solid reputation. Neverthe- 
less, one of the most experienced and successful engineers of our 
time, Mr. Hawkshaw, has resolved to grapple with this problem, 
and he is, indeed, actually engaged in the preliminary explora- 
tions. Although war is the order of the day, and the British 
public is eager for warlike intelligence, yet. the following con- 
densed account of this peaceful project may not be unacceptable 
to your readers. 

‘Mr. Hawkshaw has long contemplated the practicability of 
this enterprise, and has for about two years been engaged ina 
geological investigation of the localities. Borings are now being 
made at a considerable expense in the neighbourhood of Dover, 
and, by permission of the French Government, between Calais 
and Boulogne; and in the course of this summer explorations 
will be made in mid-channel. Such trials are essential, in order 
to obtain positive knowledge concerning the nature, extent, and 
thickness of the strata. 

“It is proposed to carry on the excavation for the tunnel from 
both ends, as well as from shafts in the Channel. At the top of 
the shafts powerful steam engines will be erected for pumping, 
for drawing up the excavated material, and for supplying power 
to the machinery by which excavation will be effected. 

“ The tunnel will communicate on the French side with the 
Northern of France Railway, and on the English side with the 
South-Eastern and London, Chatham, and Dover Railways, so 
that there will be an unbroken line of railway communication 
between London and Paris. 

“Mr. Hawkshaw will not be able finally to decide upon the 
details of this great work until the completion of the borings 
now in progress.” 


Witson’s Furnace, Mitton Ironworxs.—Mr. 
Dawes, of Milton, writes us that the boiler furnace illus- 
trated in our last number is perfect of its kind. “ No- 
thing really can work better than it does, and I anticipate 
great results from it.” Messrs. Dawes have now three 
reheating furnaces altered to Mr. Wilson’s plan, and 
are altering two more. The men, it appears, still hold 
out against them, because they are not allowed to 
share in the great saving they are effecting. But for 
their opposition, nearly all of the furnaces would have 
been pe by this time. 

Bower Expiostons.—An explosion, by which four lads 
were killed, took place on Monday, at Morley-hill Colliery, in the 
county of Durham. Mr. Fletcher, the engineer to the Man- 
chester Association for the Prevention of Steam Boiler Explo- 
sions, reports no less than ten explosions in less than one month, 
from May 26th to June 22nd, inclusive. These were fatal to 





six persons and caused injuries to ten others. 
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THE IMPERIAL MEXICAN RAILWAY. =: 
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Tse remarkable character of the line of the Imperial Mexican 
Railway induces us to give a section of the whole distance from 
Vera Cruz to Mexico, with the branch to Puebla. For this we 
are indebted to the kindness of the chief engineer, Mr. James 
Samuel. The distances in miles are given along the base, and 
the elevations, in feet, are duly figured. The deep Barranca de 
Metlac is nearly 75.miles from Vera Cruz, while the heaviest 
ascent commences at Ingeno, beyond Orizava. See also page 8. 








Tuer CANNON-STREET Station.—The forecourt is now filled 
up, the booking-offices are fitted, the spacious station platforms 
are completed, and the handsome globular lamps, on twisted 
spiral = with thin richly-gilt ribs and tops, are ready for 
use. The great signal-box, the most elaborate probably in the 
kingdom, is nearly finished, and might have been available long 
ago, for the partial opening, at least, of the line. We believe 
that the railway has been inspected by Colonel Yolland, but we 
have not heard that his official report has been delivered. The 
water-front towers of the station are now completed, and only 
await the removal of the scaffolding that their proportions may 
be seen. It is to be regretted that they have not been made con- 
siderably higher, their appearance being decidedly dwarfish. They 
have gilded metal finials, with weather-vanes and arms showing 
the cardinal points of the compass. The station, with its vast 
arch, its spacious platforms, its ten lines of rails, its broad car- 
riage-way, and, at the end, the handsome inner front of the 
hotel, and the flank erections, is unique, and probably the finest 
station in London or elsewhere. The apparatus of the Cannon- 
street signal-box has occupied a number of workmen for nearly 
12 months. It is being fitted up by Messrs. Saxby and Farmer, 
and will be the chef dauvre of that firm. e signal-box 
stretches across nearly the entire width of the roadway, is about 
7 ft. wide, and has above the roof 24 semaphore arms, and 16 
lamps showing red, green, and white lights. The switches 
which work the points and signals are adjusted in a metal frame 
in one straight line, and are, as a whole, an admirable and 
elaborate piece of mechanism. The levers, 67 in number, are 
coloured yellow, white, black, blue, and red, and numbered pro- 
= by circular brass plate on their fronts. The yellow 
evers work the distance signals, and are nine in number; the 
whites, of which there are three, are indicators, and relate to 
the station; the black levers, of which there are 30, work the 
points, which appear very complicated, there being as many as 
12 pairs of rails passing under the signal-box. The curved rails 
for siding and shunting upon the bridge seem as complex as a 
Chinese puzzle, which the pointsman will doubtless master com- 
pletely. The blue levers work the semaphore arms for trains 
outward; and the red levers, 16 in number, signal the trains 
inwards. The signal station will be completely fitted with the 
patented electrical apparatus of Mr. Walker, electrician to the 
South-Eastern Company, including a full supply of his ingeni- 
ous and effective miniature semaphores. This signal station 
will be worked by relays of pointsmen who have had many years’ 
experience in the other great signal-boxes of the South-Eastern 
—the “ A. B.” and “C.D.” It will be assuring to travellers to 
know that eight hours constitute the day’s work of these re- 
sponsible and rather important railway servants. The signal- 
box is glazed all round so as to command unobstructed views of 
the bridge on the one side, and of the station and its platforms 
on the other. It is entered by glazed doors at each end. At 
night it will be lighted by two pendants with two burners in 
each, and with brackets for the ‘‘ speaking” clerk (by telegraph), 
and the registrar who enters the times at which trains arrive 
and — We are unable to indicate the time at which the 
line will be opened, but believe it will be about the Ist of August. 
From all that we have seen it might be opened to-morrow; but 
probably there are still some finishing touches to be given, which 
may be deemed of essential importance to the safe working of 
the line. The arrangements for working will probably be modi- 
fied by experience after the actual opening, but it 1s intended 
that one line of the three shall be reserved for a “shuttle” train 
between Charing-cross and Cannon-street. There can be uo 
doubt that such a train could be worked rapidly, safely, and pro- 
fitably. Having the use of rails not liable to obstruction, trains 
may be run at intervals of not more than three minutes from 
either terminus, and very many persons will probably avail 
themselves of this rapid means of locomotion in preference to en- 
countering the perils of the streets.— Railway News. 

Tue Espw VALE Company.—At the second annual meeting 
of this company, it was stated that the net profits for the year 
ended 31st March were 194,155/. Dividends at the rate of 8} 
per cent. have been paid, 26,000. added to the reserve fund, 
1806/. to the rail guarantee fund, and 19,1701. was carried for- 
ward. The works had produced 986,575 tons of coal, 165,812 
tons of pig iron, and 100,066 tons of rails and finished iron. The 
purchase of the property cost 1,579,733/., and 149,752/. had been 
expended upon it since. In all, 15,000 workpeople are employed. 
The failure of the old company does not affect the existing one, 


ROGERS’S WROUGHT-IRON DRUMS. 

WE noticed in a paragraph a few weeks ago the wrought-iron 
strap-drums with ase cow being Aerwe vt. by Messrs. Huds- 
well and Clarke, of Leeds. These drums are being made under 
the patent of Mr. Joseph Rogers, who was awarded a medal for 
them at the Wakefield Industrial Exhibition last year, and they 
are constructed in the manner shown in the subjoined illustration. 
For pulleys of 2ft. in diameter and upwards they are made in 
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six instead of four segments, these se; 


ents being bolted together 
close to the shafting and just inside the rim, as shown in the 


illustration. The — are arranged so that the drums are per- 
fectly balanced, and the grip on the shafting obtained by bolting 
the segments together is quite sufficient to tix them without the 
use of either keys or set screws. 

The drums have been for some time in use at the works of 
Messrs. Morton and Wilson, at Stockton-on-Tees, and at the Croft- 
street Mill, Leeds, as well as at Messrs. Hudswell and Clarke’s 
own works, and many other places, and we believe that the 
manufucturers are now in treaty for the fitting up of a large 
spinning-mill with them. Their weight does not exceed half 
that of the ordinary cast-iron drums, and their employment, 
therefore, reduces the load on the shafting; and in addition to 
this advantage, and to their freedom from liability to fracture, 
it has been found that the adhesion between them and the leather 
belts is much greater than is obtained with the cast-iron pulleys, 
and that, consequently, the belts do not slip, and their wear is 
greatly reduced. Lighter belts can also be employed. In some 
cases the spokes of the wrought-iron drums are made of the 
elliptical section also shown on the engraving, so as to obtain 
extra stiffness. The weight of a 22 in. wrought-iron drum with 
flat spokes is 41 lb., of a 30 in. drum 53 1b., and of a 36 in. drum 
73 lb., the width of the drum on the face being in each case 
53 in. Loose pulleys are also made on the same principle. 








Biow1nG Enoines.—A pair of large blowing engines have 
been lately started at the works of the Carnforth Hematite 
Company, near Morecombe, They were made by Messrs. Roth- 
well and Co., of Bolton-le-Moors. They have 46in. steam 
cylinders, and 100 in. blowing cylinders, with 10 ft. stroke. They 
have wrought-iron beams, and steel shafts, piston-rods, and 
wearing parts, and are in all respects a very excellent example 
of construction, The leading dimensions and general e- 
ment were specified by the Carnforth Company’s engineer, Mr. 
Edward Barton. The details were worked out by Messrs. 





Rothwell and Co., and do them much credit. 





PEABODY’S BREECH-LOADING FIREARMS. 


Tue recent engagements between the Austrian and Prussian 
armies have shown most decisively the advantages which breech- 
loading guns give to the troops provided with them, over those 
furnished with muzzle-loaders, and at the present time, there- 
fore, the question as to which is the best form of breech-loader 
is one of great interest. In the subjoined engraving we give a 
section of a form of breech-loading gun which has been severely 
tested in America with very favourable results. It is the in- 
vention of Mr. Henry 0. Peabody, of Boston, and its manufac- 
ture has been taken up by the Providence Tool Company, of 
Providence, U.S., er wt, pF a agent is Mr. H. Gielgud, of 3, 
George-yard, Lombard-street. 
metallic cartridge generally employed in the United States ser- 
vice, this cartridge containing the ball and powder with the ful- 
minating material at the back. Our illustration shows the 
breech-frame which unites the barrel with the stock. In 
the breech-frame there is an opening with parallel sides, and 
in it is placed the breech-block, which turns upon a pin 

ing through it and the sides of the breech-frame. The 
reech-block is grooved on its upper side, a channel being thus 
formed which corresponds with the bore of the gun when 
the parts are in a proper position for loading, and serves as a 
eutie tor the cartridge which is being inserted. The lever, which 
also forms the trigger-guard, is hinged at its front end, and has 
a short arm, which is directed towards the fulcrum of the 
breech-block, and terminates in a notch on the under side of the 


t is adapted for using the 





latter, the end of the arm being rounded to give the necessary 
play. The empty cartridge cases are withdrawn from the barrel 

y a bell crank lever, which is hinged at its corner, and is moved 
by the action of the breech-block. In a recess on the under side 
of the breech-block is placed the brace-lever, which is pivoted at 
one end, and is farnished with a spring which presses the rear 
end,of the lever down upon a roller. By the action of the brace- 
lever the empty cartridge case is thrown completely out of the gun. 
To load the gun it is only nece to throw down the guard- 
lever sharply with the thumb of the right hand, when the 
cartridge-case will be thrown out, allowing the new cartridge to 
be inserted. After this has been done, the guard-lever is to be 
returned to its place, when the gun is ly for firing. The 
hammer is placed in the usual place at the side of the gun. 
The whole of the mechanism appears to be very simple, and not 
liable to get out of order. We may mention that in June, 1862, 
it was highly commended by Captain Rodman, commanding the 
United States arsenal at Watertown, in a report then made by 
him; and it has since, in 1 been recommended by a Board 
of officers appointed by the United States Secretary of War to 
inquire into the merits of various systems of breech-loading. 
The Board just mentioned were employed for several months 
in testing sixty-five different guns sent in for competition, and 
the Peabody gun was the only one which stood the whole of the 








Exports or Macuinery.—T he value of the steam-engines 
exported from the United Kingdom in May was 118,739/, and 
of the other machinery 256,3947; aso compared with 173,322/, 
and 829,501. in May, 1865, and 121,027. and 242,6971. in 
May, 1864. In the five months ending May 31 this year, the 
value of the steam-engines exported was 521,270/., and of the 
other machinery 1,139,385/., as compared with 880,633/. and 
1,342,128/. in the corresponding period of 1865, and 545,751/, 
and 1,069,875. in the corresponding period of 1864. 

Inpian River Sreamenrs.—The Oriental Steam Compan 
(Limited) have five steamers on the Indus and two on the Cal- 
cutta line, the latter of 1108 tons and 1000 tons segoein, 
and 240 horse-power. They are earning at the rate of upwards 
of 10004. a The Indus Steam Flotilla hae several boats. 
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IRRIGATION IN INDIA.—L 


At a time like the present, when the accounts re- 
ceived by each mail record the progress of the famine 
which, owing to the scarcity of the usual periodical 
rains, has recently visited the districts of Cuttack and 
Orissa in Lower Bengal, where the price of rice has 
risen considerably above that reached during the dis- 
astrous famine in the North-West Provinces during 
1860, it may not be inappropriate to review what has 
really heen done by Government since the country first 
came under British rule, towards developing existing, 
and promoting new systems of irrigation, by which 
means alone can such lamentably fatal visitations be 
successfully averted, and which has always proved, as 
we shall presently show, the best means of civilisation, 
and the promoter and encourager of industry and 
peace. 

No advocate for the extension of irrigation through- 
out India needs prelude his remarks by any apology ; 
the usefulness of—nay, the absolute necessity for— 
such works must be so strikingly apparent to the most 
casual observer, that the mn is, not that so much 
has already been written and said on the subject, but 
that so little notice, in comparison with its importance, 
has, until quite recently, been taken of it, especially by 
those whose dearest interests are most intimately 
mixed up with the prosperity of the country. In say- 
ing this, we do not mean to imply that the local govern- 
ments are not, or have not for some time past, been 
alive to their responsibilities in such matters, for in- 
deed they have often and clearly admitted them; but, 
like Felix of old, they have waited for a more con- 
venient season, and still continue to wait. 

Much useful information as to the value of irriga- 
tion works to India, and the wonderful effects conse- 
quent on their extension, will be found in the Reports 
by Colonel Baird Smith on “The Commercial Condi- 
tion of the North-Western Provinces,” and on “ The 
Finance in the same Provinces,” in the year 1860, 
and in a little work by Sir Arthur Cotton, pub- 
lished in 1854, and entitled “ Public Works in tndia,” 
The former papers formed the subject of a Return to 
Parliament, and are contained in printed Parliamentary 
Paper, No. 29, of 1862. As these works may not be 
readily procurable by many of our readers, we give 
here a few extracts with a view of showing what truly 
beneficial results have followed the introduction of 
irrigation works in some districts, and which will, we 
venture to think, afford the best possible argument in 
favour of their liberal extension ; for not only, as it 
will be seen, have the people of the districts so irri- 

ted been raised very considerably in morality, in- 
Tester, and prosperity, but the Government also has, 
in some cases, received returns in the shape of water 
rent and increased land revenue, more than sufficient 
to entirely reimburse itself on the necessary outlay, so 
that whilst Government is liberally contributing by 
such works to the moral and material well-being of its 
subjects, it receives a substantially direct as well as 
indirect return for its labour and expenditure. 

As an instance of what has been done in one dis- 
trict, and therefore may be accomplished in others, by 
means of irrigation works, we cannot perhaps do 
better than point to Tanjore, the only district in the 
whole Indian empire-—according to Sir Arthur Cotton 
—that has never, for more than twenty years past 
(this was written in 1854), caused the Government an 
anxious thought about finance; that has, from the 
first up to the present time, been a source of real 
satisfaction in this respect, about which nobody has 
ever had to say “How shall we make both ends meet?” 
The district itself has provided money for everything, 
from year to year, and an enormous surplus besides. 
After pointing out such facts with reference to Tan- 
jore, Sir Arthur asks, “ Can anybody assign any reason 
‘why the same that has taken place in Tanjore should 
“not take place in every district, if the same means 
“were used?” That district, though by no means im- 
proved to its fullest extent, had doubled its population 
in about twenty-five years, and was in 1854 about 500 
to the square mile. Were water generally throughout 
the country thus made use of, the population would 
certainly increase as fast everywhere. So also the 
state of the people there has greatly improved in re- 
spect of their — circumstaaces, and this also 
would be universal. 

In Rajpootana, also, where the water-works con- 
sisted chiefly of tanks, and though on a very small 
scale and constructed in a very expensive manner, yet 
they have produced such magnificent proportional re- 
sults, not only in rescuing the population from all the 
horrors of a state of disorganisation, poverty, and 
liability to famine, but even in direct and immediate 
returns in money to the State, that they furnish an- 





other clear and undeniable proof of the value of water. 
By these works, the late Captain Baird Smith stated, 
not only has the country been fortified against the 
miseries of famine, but tracts of wild jungle have been 
converted into fertile fields, dotted with villages, and 
alive with rural industry; population and revenue 
have more than doubled ; families, which for genera- 
tions had abandoned their native hills, have returned 
to seek their traditional landmarks, the inducement to 
constant migration and unsettled habits done away, 
and a taste acquired for the sweets of profitable toil. 
The wild unmastered extremes of 1820 are thus found 
to have become, in 1843, a thrifty, thriving, peaceful, 
and industrious peasantry, an example to their neigh- 
bours whose terror they once were. 

In reporting to Government on the famine which 
occurred in the North-West Provinces of India during 
the year 1860-61, Colonel Baird Smith remarked as 
follows: In all times the population of India has been 
notable for its mobility med ms pressure, whether personal 
or fiscal. A population crushed under a bad Govern- 
ment seeks relief by migrating to a province under 
milder rule; and similarly, when crushed under a bad 
season, it almost invariably seeks the same form of re- 
lief. Even before any special arrangements for their 
relief had been made, the people of the famine-track 
had adopted their traditional course, and were stream- 
ing out of the bad districts into those more or less 
near, in which the crops had been good and food grain 
was cheap. This exodus assumed a double direction. 
In one case it poured towards prosperous districts of our 
own or of adjowing foreign states, lying entirely beyond 
the famine tract ; in the other it flowed from the bad to 
the good. In tracing these movements of the un- 
settled population, it was found that the inner move- 
ment illustrated very strongly an indirect benefit due 
to extensive irrigation, which creates the ability in 
times of such pressure to shelter a population far 
greater than usual, and to give them employment re- 
munerative to all concerned. New lands are brought 
under cultivation, or old lands are more elaborately 
tilled than usual; and it was a fact universally noticed, 
that, either as a consequence of much virgin soil 
having been broken up, or much land hitherto without 
water having sonal it, or much more labour than 
ordinary having been applied in tillage, its yield was 
of unusual bulk and weight. 

In considering what measures should be adopted 
with a view of guarding against similar calamities for 
the future, Colonel Baird Smith directed his attention 
mainly to the three following and most important ele- 
ments of the general questions : 

Ist. On the land revenue settlement as connected 
with famines. 

2nd, On the irrigation system in general in the like 
relation. 

3rd. On the system of internal communication. 


That the best means of providing against the con- 
sequences of a drought must consist in the construction 


of works, having for their object the artificial supply of 


water to the land, there can be little doubt, although 
other and various measures may assist in lessening the 
evil. It is not our intention, however, to follow 
Colonel Baird Smith through his proofs and reasonings ; 
but proceed we now to lay before our readers a short 
and concise history of irrigation works in India, with a 
view to show what the British Government has hitherto 
done towards extending such works, and what yet 
remains to be done before the crying demands of our 
Eastern empire for water shall have been adequately 
satisfied. 

With the exception of the districts of Canara and 
Malabar on the western coast, the whole of the terri- 
tories of the Madras Presidency and great portions of 
the North-West Provinces and the Punjab, as well as 
other parts of India, carry on their cultivation, in 
great part, by means of artificial irrigation, the water 
for this purpose being obtained either by channels 
taken off from the rivers or by tanks or reservoirs in 
which the water of the rains is stored and drawn off 
for use. Works of both descriptions have existed from 
very remote times; for the value of irrigation in in- 
creasing the fertility of the soil was very early recog- 
nised, and princes and rulers of every grade devoted 
large sums to the formation of such works, which thus, 
in the course of ages, became extremely numerous. 
The revenue being so intimately dependent on the 
efficiency of these works, they received a large share of 
the attention of the Government, and especially of the 
revenue officers in whom their immediate custody was 
vested. Even in the tumultuous and disturbed times 
which immediately preceded the introduction of British 
rule in the Carnatic this duty was not wholly omitted, 





though many fine works were then allowed to go to 
ruin, and all were much neglected. 

The earliest traces of artificial irrigation works in 
India occur in the Delta lands of Tanjore, and are 
attributed to a period corresponding with the close of 
the second century of our era, and to the reign of a 
certain Rajah Veeranum, who, judging from the 
number and extent of the works attributed to him, 
must have been a man of rare energy and enlighten- 
ment. Possibly he may get more than his fair share 
of credit, but, be that as it may, there can be no ques- 
tion that the period of Veeranum was distinguished 
by great progress both in civil'and religious works ; 
for many of the gigantic pagodas, as well as the great 
irrigation channels in Tanjore, are supposed to date 
from his reign. One curious fact in connexion with 
these works is that they were all executed under 
an intrusive and foreign monarch, who, leading an 
army from the comparative desolate tracts in the 
northern portion of the peninsula, established himself 
in the fertile southern regions. In the Teligoo 
country, from which the invader came, there is not a 
trace of any such contemporaneous works as are 
found in Tanjore, and it gives a striking idea of Rajah 
Veeranum’s clearness of perception and energy of 
character that he should at once have appreciated the 
system of irrigation pursued by the subject race, and 
should have given to it that vast and rapid develop- 
ment which, making all allowances for exaggeration, is 
still distinctly traceable to his reign. 

The following was the system pursued by the 
natives in those times :—Channels of supply, propor- 
tioned to the area of the tract dependent on them for 
irrigation, were cut from the river bank, and supplied 
sometimes with head sluices of masonry, but very 
often wanting in these necessary works. The levels 
of the heads were so arranged as to command a full 
supply in moderate floods, and the water was led to 
the fields by infinite numbers of smaller channels of 
distribution. When the level of the river surface was 
too low for the supply of the channels, the construc- 
tion of a permanent masonry or a temporary earthen 
dam was had recourse to, and the water was thus 
raised to the requisite height. Of the masonry dams 
several still remain; and one, bearing the name of the 
“ Grand Anicut” (the latter being the local term for 
this class of works), continues to this day fo play an 
important part in the irrigation of the Delta. Not 
ale was tle main stream thus laid under contribution, 
but those minor channels diverging from it as it 
approached the sea were also taken possession of, and, 
together with this process of utilising the waters in 
moderate floods, there advanced a system of embank- 
ment whereby the waters in extreme floods were held 
under penn Pace the former of these works supply- 
ing the agriculture with abundance of water, po the 
latter tending to the protection of the property thus 
created on the soil from the destructive effects of an ex- 
cess of water. Although the objects to be effected were 
discerned clearly enough, the means employed were 
very far from being perfect ; but, notwithstanding its 
admitted imperfections, the native administration of 
the waters of the Delta is worthy of high praise, and 
is, in point of fact, the foundation on whieh we have 
built that more perfect system, the results of which 
may be pointed to as one of the most memorable and 
gratifying proofs that here at least we have stamped 
our mark for good deep on the face of the Iand and the 
condition of the people. 

As subsidiary to the general plan of river irrigation, 
tanks were largely employed, some of which were con- 
structed on a scale literally gigantic. Thus the em- 
bankment of the Poonary tank, in the Trichinopoly 
district, for example, was thirty miles in length; that 
of the Veeranum tank about ten miles; and nume- 
rous others of scarcely inferior dimensions are scat- 
tered over the face of the country. These great reser- 
voirs were variously supplied, some by channels cut 
direct from the rivers, and so adjusted in level as to 
take advantage of the waters in moderate or high 
freshets, as might be most convenient; others were 
dependent upon minor streams across whose valleys 
the embankments were thrown; while others again 
were filled by the escape waters of tanks on higher 
ground. All were provided with sluices for distribu- 
ting the water to the fields, with escape weirs for 
regulating the surface level of the water, and with all 
other necessary works of detail. 

The extent to which the system of tank irrigation 
has been carried throughout the Madras Presidency is 
extraordinary. The late Colonel Baird Smith states 
that from an imperfect record of the number of 
tanks in fourteen districts, there would appear to be 
no less than 43,000 in repair and 10,000 out of re- 
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air, or 53,000 in all, That officer thought it would 

a moderate estimate of the length of embankment 
for each, to fix it at half-a-mile, and the number of 
masonry works in sluices of irrigatfon, waste weirs, 
&c., as probably not overrated at an average of six. 
These assumed data would give close upon 30,000 
miles of embankments (sufficient to put a girdle round 
the globe not less than 6 ft. thick), and 300,000 sepa- 
rate masonry works. The whole of this gigantic ma- 
chinery of irrigation is of purely native origin, as it is 
a fact that not one new tank be ever been made by 
us, and the concurrent testimony of those best informed 
on the subject shows that a great many fine works of 
the kind have been allowed to fall into utter disrepair 
and uselessness. ‘Ihe revenue dependent on existing 
works in the Madras Presidency is roughly estimated 
at 150 lakhs, or 1} million sterling, per annum, and 
the capital sunk in them is materially underrated at 
ten times this amount, or 15 millions. The methods 
of forming these tanks are various. Valleys are taken 
possession of, and the natural drainage lines flowing 
through them are checked by embankments sufficiently 
long to close the gorges, and sufficiently high to re- 
tain a volume of water proportioned to the areas of 
irrigation situated below them. Descending steppes 
of land are occupied by a succession of reservoirs, the 
higher feeding the lower from its surplus supply, and 
the whole forming one connected scheme of irrigation. 
Dry basin-shaped hollows have banks carried round 
their ridges, aud supplies introduced from adjoining 
rivers by means of special channels, or long slopes, 
where the fall is considerable, have portions embanked 
more or less regularly on three sides, and the included 
space forms a storage area for such volume of water 
as local wants may call for, derived either from natu- 
ral or artificial sources. 

Turning now to the Upper Provinces of India, the 
first canal of which there exists any satisfactory 
record dates from about the middle of the fourteenth 
century, and its origin is attributed to Feroze Toghlak, 
a monarch whose reign was distinguished by many 
improvements both in legislative and fiscal policy, and 
of whom it is recorded that he built fifty dams across 
rivers to promote irrigation, forty mosques, thirty 
colleges, one hundred caravanserais, thirty reservoirs 
for irrigation, one hundred hospitals, one hundred 
public baths, one hundred and fifty bridges, besides 
many other edifices for pleasure and ornament. ‘The 

osition of the head and the source of supply of 
‘eroze’s Canal are matters of some doubt ; but its sup- 
ply is supposed to have been drawn either from the river 
Jumna, at its debouch from the range of the Sewalik 
Hills, or from the Chetang, one of the drainage lines 
from the sub-Himalayas, west of the Jumna. This 
canal ceased to flow about fifty years after the death 
of Feroze Toghlak, but it was restored about a.p. 1567 
by the great Akbar, to whom the country west of the 
Juimna was first indebted for a perennial stream drawn 
from that river. Sixty or seventy years later new 
works were undertaken, and completed with charac- 
teristic magnificence, during the reign of Shah Jehan, 
under the superintendence of Ali Murdan Khan, a man 
eminently distinguished for his architectural taste and 
skill. The immense number of old watercourses along 
the whole line of the Delhi Canal show to how great 
an extent the agriculture of the country benefited by 
its existence, and traditions of incredible amounts of 
revenue having been realised from villages on its 
banks still linger among the people there. 

About the middle of the eighteenth century the 
Mogul canals became practically extinct. The general 
disorganisation of society, consequent on the decadence 
of the empire, rendered all measures of conservancy 
impossible; the irrigated country was the constant 
battle-field of contending parties; the works fell gra- 
dually into decay, and amidst the struggles for exist- 
ence that marked the reigns of the feeble successors of 
Aurungzeb internal improvement was forgotten, and 
the system of irrigation which, with greater or less 
efliciency, had existed for about four hundred years, 
became finally extinct. 

These early irrigation works: in India were con- 
structed and maintained by the Government; in some 
parts forced labour was employed, but in return all 
who furnished labourers were supplied with water 
during the season of cultivation and for the entire year. 
Returns from such works appear to have been obtained 
in various ways; water-rent being charged in some 
parts, rated according to the time the heads of the 
cuts, probably of fixed dimensions, remained open ; 
and, in other parts, a special tax on irrigated land pro- 
vided a constant annual income. 

Such, briefly stated, is a sketch of the history of irri- 
gation in India, from the earliest periods concerning 





which any reliable accounts are known to exist ; and, 
although traces of many ancient works remained at the 
period of the commencement of the British rule, the 
constant wars and internal changes which marked the 
pany years left little more than evidences of what 
iad once been the prosperity of the country, and the 
ruins of the grand constructions of earlier days pointed 
to a time when the works of peace flourished, and 
under wise and careful rulers the natives of India were 
advancing in civilisation and prosperity. 








THE MIANTONOMOH. 


Tue Duke of Somerset, with the Controller of the Navy and 
other members of the Board of Admiralty, visited the Mianto- 
nomoh, in Spithead, on Friday last. After they had been con- 
ducted over the ship by Captain Beaumont, and minutely 
inspected her on deck and below, they took up a position on the 
raised hurricane deck, in company with the Hon. Mr. Fox, to wit- 
ness the firing of two shots from the enormous 15-inch smooth- 
bore guns which form her turret armament. The officers and 
crew of the ship took up their respective positions at general 
quarters, all hatches were securely battened down, the supply of 
air below was provided for by setting the ventilating tans in 
motion, and the ship in every respect prepared for action at sea. 
These preparations having been made, a visit to the deck below 
demonstrated clearly enough that, although in certain portions 
of the ‘tween deck the atmosphere felt slightly oppressive after 
just leaving the open of the upper deck, the air was really cool, 
as proved by the thermometer ranges, and the ship might be 
fought through a long summer day’s action under the same con- 
ditions without distress to any on board from heat below beyond 
what would necessarily be found in any ordinary steamship of 
war. 

The first gun fired was charged with a 35-pound powder car- 
tridge and a sabot live shell, at extreme elevation, The effect 
was very grand as the vast globe of metal propelled from the 
mouth of the gun with a deep hoarse roar went hurtling on its 
course until it fell at an estimated distance of about 3500 yards 
from the ship. 

The second gun was charged with 35]b. of powder, a solid 
iron shot of 460 1b., and fired point blank. If the last shot was 
grand, as exhibiting the flight of a 15-inch shell, this was more 
interesting, as exhibiting—what we have as yet made no provi- 
sion for in rifling our heavy naval artillery—the perfection of 
ricochet firing. ‘The immense ball spun along its course over the 
surface of the water as truly as the cricketer’s ball passes over 
the smooth green sward towards the wicket. The noise of the 
explosion, the concussion felt, and the smoke which entered the 
turrets on the firing of the guns were neither more nor less 
than would be naturally expected in firing 35 1b. powder 
charges. 

The Times says: 

‘The working of the guns on board the Miantonomoh on 
Friday was somewhat slow, but this was accounted for by the 
fact that it was the first time the same crews had worked the 
guns in actual practice. The shutters, or port stoppers, were 
evidently very much in the way of the men in loading the guns, 
and it certainly appears that, with the quick available means of 
turning away from the enemy the port’s face of the turret when 
loading, they might be altogether done away with. The revoly- 
ing of the turret by steam power, and the twisting power given 
to the ship’s hull by the reversed action of her twin screws, 
would always keep the gunbouts hid from an enemy when the 
guns arenot runout. The port shutters, under these conditions, 
appear to be superfluous, ‘To pursue still further our friendly 
attempt at ‘‘faultfinding” with a ship that has so deservedly 
won the admiration of all who have seen her since her arrival 
on these shores, we must refer to the rotation of her turret by 
steam. ‘There are two faults here. The first is that if any part 
of the steam gear is damaged the rotation of the turret is 
stopped and the guns are rendered useless for want of a second 
available motive power, with which the turrets of the Mianto- 
nomoh are not fitted. The second fault is that the lateral oscil- 
lation of the turret is very great when being turned by steam, 
and must seriously interfere with rapid sighting and discharge 
of the guns on a small moving object. Our Royal Sovereign has 
four available differents means of revolving her turrets, all, how- 
ever, by manual labour alone, and in revolving they are, by 
means of their greater circle of conical wheels, perfectly steady. 
Other faults that we can manage to find with the Miantonomoh, 
in addition to the weakness of the ship as a wooden structure, 
to which we have formerly alluded, are her defective accommo- 
dation as a cruiser in tropical climes and her want of stowage, 
both caused by the unusual shallowness of the vessel. ‘The 
Miantonomoh is too formidable a vessel not to be imitated, but 
we should very possibly bui!d our Miantonomoh of iron, we should 
build with a greater depth of hull, and thus attain greater 
stowage in the hold, and better accommodation for the officers 
and crew in hot climates. At the same time that we might 
make these improvements, as we consider them, our ship could 
be fought offering as small a target to the enemy as the Mian- 
tonomoh by giving her the means of submerging her hull to 
any required depth on going into action by the admission ot 
water to the wing passages, &c. As a proof of the want of 
stowage in the Miantonomoh we may mention that no water is 
carried in her hold. The only stowage she has for water ison 
the after part of the men’s berth deck, where there are iron 
tanks with a collective capacity of 6000 gallons. At sea the 
supply of water is dependent on the condensers, There are nu- 
merous mechanical “ notions” in various parts of the ship on 
deck and below that are well worthy of attention. ‘The manner 
in which her turrets have been put together also deserves admi- 
ration. Ten 1,; inch plates are fixed up together in a cir- 
cular wall in a manner quite equal to a rolled solid plate of mo- 
derate quality, and very superior to any rolled plate that bas 
been but imperfectly welded. In fact, the turrets of the Mian- 
tonomoh have been welded throughout their ten separate layers 
by mechanical means alone, and without subjecting the iron to 
the renewed action of the furnace and the rolling mill, to, as 





nearly as possible, a continuity of cohesion equal to that of the 
best solid or rolled armour in this country. 

“It may not be out of place here, and especially as connected 
with the power of firing en ricochet, as so forcibly illustrated 
by the guns of the Mianotomoh on Friday, to notice how far our 
French neighbours have gone in the matter of guns for their 
ironclad fleets. In the Corps Legislatif on the 20th of June 
M. Dupuy de Lome, Director of Material of the Imperial Navy, 
stated that three models had been selected for the armament of 
the navy of France, as follows: First class.— Diameter, 24 
centimetres; weight, 14,000 kilogrammes. Throws steel elon- 
gated bolts of 144 kilogrammes, as also shells and round shot. 
Second class. —Diameter, 19 centimetres; weight, 8000 kilo- 
grammes. Throws steel elongated bolts of 75 kilogrammes, 
ditto shell of 52 kilogrammes, ditto round shot of 25 kilo- 
grammes. Third class.—Diameter, 16 centimetres; weight 5000 
kilogrammes. ‘Throws steel elongated bolts of 45 kilogrammes, 
ditto shells of 814 kilogrammes, ditto round shot of 15 kilo- 
grammes. M. Dupuy de Lome also said there was another class 
of gun, on the same principle, that was 27 centimetres in dia- 
meter, but would be too large for service on board ship, and 
would therefore be reserved for the armanent of sea-coast 
batteries, All the pieces averaged a range of about 6 kilo- 
metres. There is this remarkable fact connected with these 
pieces selected for the armament of the French navy—all fire 
round as well as elongated shot, and all therefore are capable of 
delivering a fire en ricochet.” 








MONITOR 20-INCH NAVAL ORDNANCE. 
To tue Epitor or ENGINEERING. 


Sir,—The writer on the subject of American ordnance, and 
whose able communication appeared in ENGINEERING of June 
29th, 1866, has endeavoured to make out that at present the 
American naval guns are, in several respects, superior to any in 
use in any country. You state in another part, in your remarks, 
that he is able to furnish accurate information, and you com- 
mend his observations to the official consideration of our depart- 
ments both of the War-Office and the Admiralty. I venture to 
think that it is only a proper pore pee to thank any foreign 
contributor for adding to our stock of knowledge on the subject 
of our national armaments, and to duly recognise the importance 
of accepting in a worthy spirit the tendency of the remarks of 
the “ American Engineer.” 

The acknowledged superiority of the method of casting guns 
and the nature of the material used may perhaps be calculated 
to ensure a certain degree of success (see “Trip to America”), 
and no doubt some fine specimens of American guns exist; but 

“ A man convinced against his will, 
Is of the same opinion still.” 

In the interests of experimental science, I would venture to 
suggest that a commirsion should be appointed to test the sub- 
ject —s to a fixed and consistent programme, for 20-in. 

uns. Ist. That the number of different charges should be 
fixed, 2nd. That English gunpowder should be used, 8rd. 
That the charges should be progressive, from } to 4, to}, to 4, 
the weight of the round-cored shot. 4th. That two rounds at 
1°, 4°, 8°, 12°, with the above charges, should be fired. 5th. 
That devations from a fixed target be noted at a range of 1000 
yards, at the above elevations, 6th. That the number of shots 
that can be fired in an hour, and the number that shall strike 
different targets within range, be recorded in a printed form. 
7th. That the effect of a shot of the same weight be tried upon 
the gun itself; that is to say, a 20 in. shot, with } charge, be 
fired upon the muzzle of a 20 in. gun, and a record entered if 
dismounted by the shock. 8th. An accurate statement of the 
whole cost involved. 9th. That afterwards English wrought- 
iron guns should be tried. 

An energetic and determined Minister of War might possibl 
see his way clear, to cause such a commission to be instituted. 
The practical experiments would pay, inasmuch as very valuable 
and material points in gunnary would perhaps be fully deter- 
mined. Why not buy two 20 in. guns and test them in Eng- 
land? I confess, however, to some misgivings as to their final 
application to ships of war, but I contend that moral courage to 
ensure a faithful trial is the best and most dignified method of 
solving the important problem as a public duty. 

I protest against the trials by inventors, or by a one-sided 
Ordnance Select Committee, who never in their functional capa- 
city approach the real subject, but who display a curious in- 
genuity in pointing out what the gun is not. Tne small progress 
in our large guns partly confirms this assertion, and it is high 
time a rectification was enforced. 

Some of the anticipated defects of the 20 in, guns are, that 
few rounds could be fired at a moving object, or even at a fixed 
one, greater than 12 rounds per hour, if the gun is Po erly 
sponged (after the recoil) to ensure wy. That the large 
port-hole required invites the entrance of adverse shells when- 
ever the gun is withdrawn, That the danger of breaking loose 
when in action in a sea way on board ship of a fifty-ton gun is 
a very serious drawback. And that the horizontal firing is 
less than 500 yards, and not certain, 

The English public would then possibly be in a better position 
for obtaining a tair and comprehensive outline of the ascertained 
results and recorded performances of American cast-iron 20 in. 
guns, by means of an independent and impartial commission, 
with clearly defined functions directed to critically examine a 
special subject. 

I am, Sir, your obedient Servant, 

London, July 2, 1866. ARTHUR GEARING. 








Mippix-ciass Epucation.—A meeting of those interested 
in the movement begun in January last, to promote Middle-class 
Education in the Metropolis, was held on Wednesday at the 
Mansion House. An act of incorporation has been obtained, the 
title of the Association being “‘ The Corporation for Middle-class 
Education in the Metropolis and the suburbs thereof.” 54,1037. 
has been promised, of which 46,221/. has been paid in, The 
French Protestant Hospital in Bath-street, City-road, has been 
tuken on a lease, for the first school, which will probably be 


opened at Michaelmas, 
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THE RESISTANCE OF ARMOUR. 


Proressor RANKINE has just — the following ‘‘ pro- 
visional theory” of the resistance of ships’ armour. We give it 
in abstract, and without the preliminary and concluding obser- 
vations which accompany it. We have touched upon his appli- 
cations of it in an article on another page, to which we refer. 

Fact 1.—The explosion of a given weight of gunpowder 
develops, in all, as much available energy as that due to the 
fall of the same weight through a height ranging from about 
144,000 ft. to 192,000 ft. 

Fact 2.—That energy, with the exception ofa small fraction, 
is communicated to the shot, ucing in it the same velocity 
as if it had fallen from a height which bears the same propor- 
tion to the before-mentioned height, diminished by a deduction 
for velocity and friction, that the weight of the charge of powder 
bears to the weight of the shot. 

Fact 3.—When a shot strikes an armour-plate, part of the 
energy of the shot is expended in disfiguring and breaking the 
shot itself. The energy so lost (according to Sir William Arm- 
strong and Mr. Fairbairn) amounts, for cast-iron shot, to about 
one-half of the whole energy; for soft steel shot, to about one- 
fifth; for hard steel shot, to less than one-tenth. 

Fact 4.—The first effect of a shot on a tough armour-plate 
is to make an indentation in the front of the plate. The neigh- 
bouring particles of iron are driven partly inwards and partl 
sideways, and their strained condition 1s communicated wit 
gradually diminishing intensity to the successive layers of 
particles which lie further and further from the shot. In order 
that the plate may be completely penetrated or burst through, 
the innermost layer of particles at the back of the plate—that is, 
the least severely strained layer—must be brought into a state of 
strain which their cohesion is incapable of withstanding. In pro- 
ducing that effect a certain quantity of work is done, depending 
on the thickness of the plate, the quality of the iron, and the 
figure and dimensions of the shot; that quantity of work may 
be called the dynamic resistance. The plate is not penetrated 
unless the energy of the shot exceeds the dynamic resistance of 
the plate. 

Fuct 5.—From the established laws of the strength of mate- 
rials it is known that the dynamic resistance of any portion of 
material in a state of strain is on me to the product of the 
following three quantities—the volume of the portion of mate- 
rial; the strain, or proportionate alteration of its dimensions ; 
the stress, or intensity of the force with which it resists that 
alteration. 

PROBABLE ASSUMPTIONS. 

Assumption 1.—That if the armour-plate be supposed to be 
divided by imaginary planes into layers of equal thickness, the 
volume of material in each such layer that is put into a sensibly 
strained condition by the blow of the shot is proportional to the 
square of the diameter of the shot, and increases nearly as the 
square of the distance of the layer from a point within the shot, 
whose distance from the outermost layer of the plate bears some 
fixed proportion to the transverse diameter of the shot. (That 
point may be called the centre of disturbance.) 

Assumption 2.—That the mean intensity of the stress in a 
given layer is inversely proportional to the volume of strained 
material in that layer—that is, inversely proportional to the 
square of the distance of the layer from the centre of disturb- 
ance, 

Assumption 8.—That the mean magnitude of the strain, or 
roportionate alteration of dimensions of the particles in a given 
ayer, is also inversely proportional to the volume of strained 

material in that layer—that is, inversely proportional to the 
square of the distance of the layer from the centre of disturb- 
ance, 

ResuLTs. 

1.—Ezpression for the dynamic resistance of a given plate 
against a given shot.—Let s denote the transverse diameter of 
the shot, and n s the distance of the centre of disturbance from 
the outermost layer of the plate, n being a fraction whose value 
remains to be determined. Conceive the armour-plate to be 
divided into layers of the thickness d x, and let x be the distance 
of any one of those layers from the outermost layer. Then, 
pollen An to Assumption J, the volume of strained material in 
that layer is proportional to 

(ns + x)*d x, 
Under the fourth head of the summary of facts it has been 
stated that, in order that the plate may be burst through, the 
innermost layer must be brought to a certain state of strain; so 
that the dynamic resistance of a particle of the innermost layer 
having a given volume is a constant depending on the nature 
and quality of the material. According to Assumptions 2 and 
8 combined, the dynamic resistance of a particle of a given 
volume varies inversely as the fourth power of the distance of 
the layer to which it belongs from the centre of disturbance. 
Hence if ¢ be the thickness of the plate, and c a constant depend- 
ing on the material, the dynamic resistance of a particle of a 
given volume in the layer, whose distance from the outer surface 
of the plate is x, varies proportionally to 

+ 
© € 8 > t : 
ns+2 

Then multiplying this expression by the expression to which the 
volume of strained material in the layer is proportional, there is 
found, for the dynamic resistance of a given layer of the thick- 
ness d x, the following value: 

e(ns+oO'dex 

(ns+a2} 

The dynamic resistance of the whole plate is found by adding 
together the dynamic resistances of all its layers; that is to 
say, by integrating the expression for the dynamic resistance 
of one layer from the limit 2=O, which corresponds to the 
outermost layer, to the limit 2=¢, which corresponds to the 
innermost layer. The result is as follows; Let R be the required 
dynamic resistance ; then 


R=e(nstip® ote: gall 


In this equation there remain to be determined by experiment 
the fraction m, expressing the ratio borne by the distance of the 





centre of disturbance from the outer surface of the plate to the 
diameter of the shot, and the co-efficient of dynamic resistance c. 

2. Minimum dynamic resistance of a given plate.—For a 
given thickness of plate (¢), the dynamic resistance given by 


t . 
equation 1 has a minimum value when n =F) that is, when 


the distance of the centre of disturbance from the outer surface 
of the plate is one-half of the thickness of the ; and that 
minimum dynamic resistance is expressed as follows: 
27 
R =GeP@ 2. 6 ee (2) 

The practical interpretation of this is, id a given thick- 
ness of plate, there is a certain diameter whi a shot to 
burst through that plate with a less charge of than is 
required for a shot of either a larger or a smai iameter. 

The most efficient diameter of shot is expressed by tke 


form: 
eat ci. = ae weer 


and when, therefore, that diameter has been determined by 
experiment, the fraction n can be deduced from it by means of 
the equation 


n= ° ° ° (4) 
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The experimental data are sufficient to show that it cannot 
very greatly differ from once-and-a-half the thickness of the 
plate; and the a value of the fraction n is 3. 

8. Co-efficient of dynamic resistance.—In order to be able to 
calculate trom the results of experiment the exact value of the 
co-efficient of dynamic resistance ¢, in equation 1, it is necessary 
to know the value of the fraction n canal 

Assuming a probable value of n, 4, and applying equation 1 
with that value of n to the results of experiments as given by 
Mr. Fairbairn, it appears that the value of c¢ lies between 2000 
and 3000 foot-pounds per cubic inch, and is probably not far 
from 2500; the last — the value deduced from the pen ration 
of a 24 in. plate by a 12 1b. steel shot. The last value gives for 
the co-efficient in equation 2, being the formula for the minimum 


dynamic resistance of a plate, 22 c= 16,875 foot - pounds 


per cubic inch; and asany error in the value assumed for n 
makes this too high, we may take 16,000 foot-pounds per cubic 


. ss 2 P 
inch as a convenient provisional value 2 ¢; corresponding 


to 2370 as the provisional value of c. 

Hence we may put, until more exact experimental data are 
obtained, for the ree resistance in foot-pounds of an armour 
plate ¢ inches thick to a projectile s inches in diameter. 


R=2970( 5 +4) ; ee ee 
8 8 


and for the minimum dynamic resistance of the same plate, 
R,=16,0008@  . . ° ° ) 

4. Resistance of backing.—The following provisional theory 
of the resistance of backing involves a Fourth Assumption, viz. : 
that the combined dynamic resistance of the armour-plate and 
its backing is the sum of their separate dynamic resistances, 
each calculated according to the same ep the only diffe- 
rence being, that as the Facking is made of a weaker substance, 
it has a smaller co-efficient of dynamic resistance. 

_ Let c’ be the co-efficient of dynamic resistance for the back- 
ing. Let ¢’ be its thickness. Then the distance of the outer 
side of the backing from the centre of disturbance is n s+-¢ ; and 
that of its inner side is ns+t+¢’; so that, by making the 
proper substitutions in equation 1, the separate dynamic resist- 
ance of the backing is found to be, 

: >.» 


R’=c’ (n s+t+t’) Sti 


If the fourth assumption is true for one layer of backing, it 

may be extended to any number of successive layers. 

or example, if there is a second layer of backing, whose 
thickness is ¢”, and its co-efficient of dynamic resistance c”, the 
separate dynamic resistance of that layer will be 

3 i” 
R” co” 8 U _ = as ‘ 
+e"(n +tHt'+t") (8) 

and so on for any number of layers, the whole dynamic resist- 
ance of the armour being the sum of the separate resistances of 
its layers. 

The values of the co-efficient of dynamic resistance for the 
materials used in backing are as yet very uncertain, being 
deduced from a few rough experiments only. It is probable that 
the co-efficient for teak lies somewhere between 0.02 and 0.03 of 
the co-efficient for iron; aad that the co-efficient for compound 
backing,* made of alternate horizontal layers of plate iron and 
wood, faStened together with vertical bolts, may be estimated 
approximately by multiplying the co-efficients for iron and for 
wood by the fractions of the whole backing, which consist of 
iron and wood respectively, and adding the products together. 

5. Estimation of charges of powder.—When the dynamic 
resistance of a ship’s armour has been estimated, the charge of 
powder that is just capable of overcoming that resistance, and 
no more, may be estimated by dividing the dynamic resistance 
by the available energy of a pound of powder: already stated to 
be, with hardened steel projectiles and at short range, from 
144,000 to 192,000 foot-pounds; or, on an average, about 
160,000 foot-pounds (Fact No. 1). 

If cast-iron projectiles are to be used, the quantity of powder 
must be doubled, or nearly so, for the reason stated under the 
head of Fact No. 2. 








Tue PANAMA AND AUSTRALIAN STEAMERS.—The Kai- 
koura, one of this new fleet, made her run out from Plymouth 
to Melbourne in fifty-one days, the quickest passage ever made. 
The Kaikoura was to leave Sydney on the 15th of June, and 
Wellington (New Zealand) on the 23rd, with the first mails for 
this country, via Panama. 





* Mr. Chalmers’s system. 








RECENT PATENTS. 


Aurrep E. Beacn is one of the editors of the 
Scientific American, and he patents through his London 
correspondent, Mr. Newton (No. 2049, a.p. 1865), a 
system of travelling-belts, beneath the streets, for con- 
veying letters from pillar stations to the General Post- 
office and to other stations. The scheme is ingenious, 
but we fear that at present the slip, the stretch, and 
the dragging friction of long loops of belting, however 
made, would present serious difficulties to its execution. 

Here is M. P. W. Boulton again, No. 2051, who 
prppooes, this time, to supplement the action of steam 

ilers as follows:—The steam is to be first taken off 
and ya and is to be then pumped or forced 
again through the water in the same boiler to give off 
the superheat and raise more steam. Mr. Boulton 
averages nearly a patent a week, and they are all much 
in the same style. 

Mr. Gale’s provisional protection for his famous 
mode of rendering gunpowder non-explosive is num- 
bered 2057. The gunpowder is to be mixed with 
three or four times its weight of powdered glass. 

Messrs. G. and A. Harvey, of Glasgow, patent a 
bolt-cutting machine, which embodies the idea of 
Sellers’s patent of 1859, in so far as the dies are made 
to close or expand while running constantly in one 
direction. Mr. Sellers’s mode of effecting this is well 
known from the bolt-cutters made upon his plan by 
Messrs. Sharp, Stewart, and Co., and Messrs. Harvey 
accomplish the same end by means of a somewhat dil- 
ferent arrangement of gearing. 

Henry Cartwright (No. 2062) patents a very round- 
about mode of connecting the piston rods of steam 
engines to their cranks, so as to bring the shaft very 
near the cylinder cover. We could not well describe it 
without drawings ; but we can say that it is one which 
has a strong resemblance to certain exploded designs, 
and that it is not likely ever to come into use. 

Charles West (No. 2064) patents an ingenious alarm 
for indicating the presence of fire within a building, or 
of water within a ship’s hold, or of choke damp in a 
mine. The fire-alarm is a tube containing mercury, 
which, when expanded by a fire near it, is made to 
complete a galvanic circuit and ring a bell. For the 
ship’s hold, there is a tube and a float in it, and as the 
float rises with the entrance of water below, it also 
completes a circuit. For the choke damp there is a 
light silken ball to be filled with coal gas, and which 
will be floated and thus complete contact on the 
—— of heavy choke damp. 

. and H. Ingham and Broadley (No. 2073) patent 
several devices in power-looms. They dispense with the 
cross-rail and the rolls, &c., for supporting the healds, 
and fit them to guides in the side frames of the loom. 
They have a frictional take-up motion, with a heavy 
iron clothbeam. The batten, or ley, has no sword 
arms, but works to and fro upon guides. And the 
shirr, or picker spindle, is to be covered with glass, to 
reduce friction. The substitution of guides for the 
cross-rail and for the sword arms of the ley appears to 
us anything but an improvement, and we fail to see 
the novelty of the take-up motion. 

Cole, Swift, and Soares (No. 2080) patent Hero’s 
engine, 2000 years old. There are differences in form, 
but none in principle. 

P. C. Kjellburg (No: 2081) patents a dodge re safes. 
He hangs them by a thick rope over a pit going down 
to the foundations of the building. If a fire breaks 
out the rope burns off, and down goes the safe into a 
place of safety. In some of the older city banks the 
safes are set over a well, supported upon wooden beams, 
answering the same purpose. 

T. E. Stephens (No. 2086) patents a mode of com- 
municating in railway trains. Sliding doors are to be 
made in the partitions between the compartments, and 
the passengers in opening them to crawl through put 
on an electric signal in the zuard’s van, and they can- 
not close the opening after them. 

James Knowles (No. 2090) patents a singular appa- 
ratus for greasing the under sides of the journals of 
colliery trucks. It is a fixture in the line. The truck 
is lifted, and the grease is daubed by mechanism upon 
the under sides of the journals, which are conveniently 
open for the purpose. We wonder if such trucks and 
such a contrivance are in use. 

William Bullough (No. 2091) patents another weft 
stop motion for looms. When the belt is shifted, a 
brake is put forcibly upon the fly-wheel to prevent 
running by momentum. The invention is in the de- 
tails for ea this purpose. 

H. Woodward (No. 2095) patents a gas-carburetting 
apparatus. He passes the gas through a chamber 
fitted with shelves, upon which cotton wicks draw u 
naphtha by capillary attraction, The gas, it is said, will 
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take up the volatile vapour of the naphtha. It is also 
gpa to pass common atmospheric air through a 
ike apparatus, a fan or pone being “~—r The 
air is to take up the volatile vapour, and to 

carrier for it for illuminating purposes. 

W. F. Henson (No. 2099) patents railway chairs, of 
which one jaw is held by a joggle and a bolt through 
the base plate. 

J. T. Lockey (No. 2100) patents the application of 
a steam jet to the flues of copper furnaces, with con- 
densing chambers to arrest the noxious vapours. 

Professor Gamgee’s patent cow-house (No. 2102) 
includes a compact yet separated system of compart- 
ments well ventilated and easily accessible. 

J. F. Boetius patents (No. 2105) a form of furnaces 
for iron and glass melting, puddling, &., which he 
sinks below the surface of the ground, and surrounds 
with an air space, wherein the air is to be heated 
before admission. The furnace /ooks in section much 
like Wilson’s, but the draught is upward, through a 
grate at the bottom. 

A. V. Newton (No. 2127) patents a steam drying- 
house for timber. The stove is placed within the 
house, and the iron flue extends for a considerable 
distance, giving off heat to the air. A pan of water is 
placed upon the stove, and the steam evaporated is 
alleged to be a good conductor of heat—by convection, 
we suppose—to all parts of the interior of the house. 


act as a 








THE AMALGAMATED ENGINEERS. 
To THE Eprror or ENGINEERING. 
54, Stamford-street, Blackfriars-road, 
London, S., 5th July, 1866. 

Str,—In answer to the following paragraph which appeared 
in the last issue of your valuable paper, namely: 

“The Amalgamated Engineers.—We do not know how far 
employers of engineering labour may be aware that the prime 
cost of every description of their work is sent in by their society 
men to the Amalgamated Society. The society men, it is 
understood, intend to strike generally against piecework. 
Society foremen make no scruple in discussing this determina- 
tion with their masters.” 

I beg to state, for the information of yourself and the public, 
that there is no truth whatever in the statement, so far as the 
Amalgamated Society of Engineers or its members is concerned. 

Trusting you will insert this reply in your forthcoming 

number, ; 
I am, Sir, yours respectfully, 
W. AuvAn, General Secretary. 

[We are pleased to give insertion to this official denial of a 
statement made to us by more than one firm of engineers, whose 
foremen had very plainly intimated to them that the prime cost 
of their work was recorded by the society, and that a united re- 
sistance was soon to be made against piecework.—Ep. ] 








Sreet Tyre-MAKING.—Messrs. Thomas Firth and Sons, 
the well-known steel manufacturers of Sheffield, are now going 
extensively into the manufacture of cast-steel tyres. ‘They 
have established a London office at 4, Westminster-chambers, 
Victoria-street. 

Crossinc THE ATLANTIC.—A Post-office return just issued 
shows that in the year 1864 the City of New York steamer and 
the China both made the passage from Queenstown to New 
York on one occasion in 8 days 16 hours, and the Scotia in 
15 minutes less; and in the same year the Scotia made the 
passage from New York to Queenstown in 8 days 15 hours 
38 minutes, and the China from Boston to Queenstown in 8 days 
14 hours 50 minutes. In 1865 the China went from Queenstown 
to Boston in 8 days 22 hours, and the Scotia from Queenstown 
to New York in 8 days 19 hours 33 minutes; and in that year 
the Scotia made the passage from New York to Queenstown in 
8 days 15 hours 15 minutes, and the China from Boston to 
Queenstown in 8 days 11 hours. In the two years the average 
time of the Scotia from Queenstown to New York was 9 days 
14 hours 26 minutes; of the Persia, 9 days 19 hours 12 minutes ; 
of the China, 12 days 13 hours 7 minutes, but to Boston only 
9 days 22 hours 31 minutes. In the converse voyage the 
Scotia from New York to Queenstown averaged 8 days 23 hours 
49 minutes; the Java, 9 days 46 minutes ; the China, 9 days 22 
hours 42 minutes, but from Boston, 8 days 20 hours 5 minutes. 

Sroppine Suor Hores.—An invention by Commander F. B. 
Warren, R.N., is thus described: It consists essentially of sheets 
of lead fastened over the damaged part by means of screws act- 
ing on the outside of vulcanised india-rubber suckers. Suppos- 
ing the damage to be 6 ft. or 20 ft. square, or of any given 
dimensions, the space so datnaged could be effectually covered 
and the water excluded in less time than it would take to nail 
the same quantity of lead on the bottom or sides of a ship built 
of wood. On the hullofthe Fire Queen the experiment has 
been made between wind and water, so that the outer pressure 
is very much less, and therefore more unfavourable to the ex- 
periment than it would be if it were totally immersed. The 
patch of lead, with its screws and suckers, still adheres as per- 
fectly as ever, although the Fire Queen is almost constantly 
under way, steams very fast, and the wash from her paddles 
beats directly on the face of the experimental patch. Altogether, 
as the official report states, the invention has been submitted to 
a very severe test. As all of her Majesty’s ships number 
‘* divers” now among their crews, they have always the means 
on board of applying the principle, whether at sea or in harbour. 

Miuirary TELEGRAPHS.—Messrs. Siemens Brothers’ new 
telegraph works at Woolwich have been busy, night and day, 
making military telegraph cables for the Prussian Government. 
These, of which upwards of 600 miles have been sent over, 
have steel conductors covered with tubes of india rubber and 
are wound outside with thin copper strips. 





Tue Wetsu Ironworks.—Notice of a reduction of wages 
was posted in the various Welsh ironworks on Saturday last. 

New TELEGRAPH CABLE TO IRELAND.—The Electric and 
International Telegraph remand have this week opened their 
second line of communication with England. This consists of a 
very heavy submarine cable, which has been laid between the 
coast of Down and Portpatrick, in Scotland, with a series of new- 
laid lines extending to London, Liverpool, Manchester, and 
Glasgow. 

DeatH or Mr. Richarp Garrett.—The death is an- 

nounced, in his sixtieth year, of Mr. R. Garrett, the eminent 
agricultural implement manufacturer. While Mr. Garrett was 
yet a young man—to be more precise, in the spring of 1836— 
the business of his father at Leiston, Suffolk, to which place his 
grandfather had wone as a sickle maker and bladesmith in 1778, 
was relinquished in his favour. At that time about 60 men 
and eight or ten horses were employed, but no steam power had 
yet been called into play at the works. The once insignificant 
village has now become a town of more than 2000 inhabitants, 
all dependent on the Leiston works. The 60 workpeople have 
increased to 600, the horse power has given place to steam 
power, and the name of Garrett has become known thoughout 
Europe, in Egypt, Australia, and almost all over the world. 
The house of Garrett figured with honour also at the Interna- 
tional Exhibitions of London, Dublin, Paris, Hamburg, Vienna, 
and Madrid, where it won no fewer than sixty gold medals and 
sixty silver ones, together with 1200/7. in cash, and an immense 
number of honourable mentions. Mr. Garrett, as wealth and 
honours poured in upon him, maintained the early simplicity of 
his habits. At the same time, he gradually took a prominent 
position in the county affairs of Suffolk. When the East Suf- 
folk Railway, now merged in the Great Eastern system, was 
brought forward, Mr. Garrett found capital to the amount of 
10,0007. When the Albert Memorial College at Framlingham 
was suggested, Mr. Garrett came forward with a donation of 
5002. When the Volunteer movement was inaugurated in 1859, 
Mr. Garrett appeared as its munificent patron, and afterwards 
continued its steady friend. 
‘tSream DrepGErs.—More and more steam dredgers are being 
made available. On Friday Messrs. S. and H. Morton and Co., 
of Leith, launched from their works a machine of the following 
dimensions: length, 116 ft.; breadth, 35 ft.; depth, 12 ft. The 
bucket-ladders, which are two in number, are of iron, and work 
in wells at each side. These ladders carry endless chains of 
buckets, which are driven by two direct-acting steam-engines 
of 25 horse power each, and which were fitted on board previous 
to the launch. This machine has been built for the Commis- 
sioners of the River Wear, from the designs of their engineer, 
Mr. Meik, Sunderland, and will work to a depth of 25 ft., raising 
from 200 to 250 tons an hour. The dredger is also fitted with 
powerful cranes, worked from the engines, by means of which 
the vessel may be moved fore and aft or sideways, thereby 
saving a large amount of manual labour. 

Tue Metropoutran Fire Brrcape.—At the last meeting 
of the Metropolitan Board of Works, the Main Drainage Com- 
mittee recommended that tenders be invited for ten 6-inch 
manual engines of the Metropolitan Fire Brigade, and that 
several new fire brigade stations should be established, which 
recommendations were agreed to. 

Rattway Creprrors —Lord Redesdale has brought in a bill 
to’prevent the creditors of railway companies from levying upon 
any locomotive engine, railway carriage or line of railway for 
debt. 

Turktsa Rattway.—The Smyrna and Aidin Railway, 80 
miles long, was opened throughout on the Ist instant. Its 
completion had been long delayed by the heavy work at the 
summnit tunnel. 

Tue Tay Briper.—The bill for this graat work, which had 
already passed the Commons, has now passed the Lords. 

Tue Coat Commisston.—The Queen has appointed the 
Duke of Argyll; Sir Roderick Murchison; Sir William Arm- 
strong; Henry Hussey Vivian, Esq.; George Thomas Clark, 
Esq.; Joseph Dickinson, Esq.; George Elliot, Esq.; Thomas 
Emerson Forster, " John Geddes, Esq. ; Robert Hunt, Esq. ; 
John Beete Jukes, Ksq.; John Hartley, Esq.; John Percy, 
Esq., M.D. ; Joseph Prestwich, Esq. ; Andrew Grombie Ramsay, 
Esq. ; and John Thomas Woodhouse, Esq., to be her Majesty’s 
Commissioners to investigate the probable quantity of coal con- 
tained in the coal-fields of the United Kingdom, and to report 
on the quantity of such coal which may be reasonably expected 
to be available for use; whether it is probable that coal exists at 
workable depths under the Permian, new red sandstone, and 
other superincumbent strata; to inquire as to the quantity of 
coal at present consumed in the various branches of manufacture, 
for steam navigation, and for domestic purposes, as well as the 
quantity exported, and how far, and to what extent, such con- 
sumption and export may be expected to increase; and whether 
there is reason to believe that coal is wasted either by bad work- 
ing or by carelessness or neglect of proper appliances for its 
economical consumption. 

ScorcH-BUILT STEAMBOATS IN AMERICA.—Mr. Inglis, of 
Manchester, has had two or three fine river steamboats built by 
Messrs. Barclay, Curle and Co., of Glasgow, and sent out in 
pieces for service on the St. Lawrence between Quebec and 
Montreal. ‘The model is very fine. One of them, which has been 
fitted up and placed on her intended station, is 285 ft. long, 34 ft. 
beam, and 11 ft. depth of hold. The upper works have been 
made afier the model of the famous ‘‘ St. John,” the finest of all 
the steamboats on the Hudson. Another boat, built in Glasgow 
for the same company, is 250 ft. long, 32ft. wide, and 11 ft. 
deep. This was made with iron ribs and Bessemer steel plating, 
the latter made by the Bolton Steel Company, and pronounced 
by Mr. Inglis to be of excellent quality. 

Tue Crewe Works.—Mr. Ramsbottom’s principal assistant, 
Captain Webb, has left Crewe to join the Bolton Steel Company 
at Bolton. 

Tue Late CLERK oF Patents.—A sense of poetic justice 
is violated by the fact that Leonard Edmunds has obtained 
5000/. principal and 500/. odd of interest from Lord Brougham, 
upon a mortgage which had become vested in Edmunds. 

Lock-ovuT IN THE Scorcu Iron TRADE.—Of the 138 blast- 
furnaces in Scotland, 40 have just been blown out because the 
men resisted a proposed reduction of their wages by 1s. aday. 





Tue Corron Surpty Assocration.—The ninth annua 
meeting of this association was held on Friday last, at Man- 
chester. The committee regard the labours of the association 
as of more importance than ever, since the close of the American 
war. 230 tons of the best New Orleans seed were sent last year 
to Turkey. They remark hopefully upon the introduction of 
the steam plough, better — implements, roads and 
railways into Turkey. The Italian cotton grown from American 
seed promises well, and samples have been valued at 2s. to 
2s. 6d. per pound, when middling Orleans was worth 13d. only. 
The committee has received during the past year 238 samples 
and 140 bales of cotton grown mostly from seed supplied by the 
association. 

A Warnine To Direcrors or Compantes.—The Vyk- 
sounsky Ironworks Company (Limited), in their prospectus, 
proposed only to work certain mines and mills in Russia. But 
after their shares were allotted, they went into further arrange- 
ments with the Blakely Ordnance Company, the Millwall Tron- 
works, Mr. Bessemer, &c. A Mr. Stewart has obtained a decree, 
therefore, from Vice-Chancellor Wood, whereby the company 
must remove his name from their register and repay the amount 
of his deposit and allotment upon a considerable number of shares. 

Tue Parts Exuwsrrion.—A special building will be erected 
on the quay for the exhibition of all matters connected with 
navigation, including marine engines (which it is yo to 
exhibit in motion). Among other objects that will be shown, 
there are the marine engines of Indret, of 1000 horse-power 
which will be set in motion by steam furnished from their own 
boilers, 

ProvrnctaL Procress.—The bill for a railway under the 

ersey has received the royal assent. The expenditure made 
under the Public Works (Manufacturing Districts) Acts, 1863 
and 1864, to March 31, 1866, was 1,177,7012; the length of 
sewerage and drainage works executed at the same date was 318 
miles. ‘I'he works were undertaken, it will be remembered, to 
provide employment for distressed operatives, but some difficulty 
will now be experienced in completing some of them, the supply 
of labour having run short. in 1816 the gross revenue of the 
Hull Dock Company was 23,000/.; now it is four times that 
amount. A considerable amount of additional capital has, 
however, been expended, and the capital account is even now 
not closed. ‘The Caledonian Railway Company is about to raise 
additional capital to the extent of 668,300/. (540,000/. by new 
ordinary stock, and the rest by loans). At Leeds, the locomo- 
tive and railway plant trade continues well employed. The 
deliveries of ironstone from the Lincolnshire iron-field are ex- 
tending. The Manchester, Sheffield, and Lincolnshire, the 
Midland, and the Great Northern Railways must profit con- 
siderably from this utilization of long dormant Lincolnshire 
wealth, 

Tue Perms or Concesstions—A Mr. Kennedy and 
another obtained a concession from the Sultan for a line of rail- 
way of 900 miles from Scutari to Sivas, via Ishkeshir, includin, 
a branch from the latter piace to Smyrna, Mr, Kennedy ani 
his friend were to be the engineers of theline. A Mr. Landon 
subsequently entered into the scheme, and, on condition of the 
concession being granted to him individually, he agreed with the 
gentlemen named and referred to not to part with it without 
securing their position as engineers tothe line. He failed to do 
80; they brought an action to recover 11,000/, damages, and the 
case has been referred to arbitration. 

Jownt-srock Companies.—While there were 263 new 
companies announced in 1863, 282 in 1864, and 287 in 1865 
only 32 have been brought out during the first half of the pre- 
sent year. The respective amounts of capital offered in thes 
several periods may be stated a8 78 millions, 106} millions, 75 
millions, with but 6 millions during the present year. 

‘Tne Deap Sua.—Sir Henry James gives the depression of 
the Dead Sea below the Mediterranean—the levelling Eeoles been 
carried out by two sets of observers—as 1292 ft. 

Tue Late Mr. Arrovn, F.R.S.—Mr. Appold’s automatic 
temperature regulator and automatic hygrometer, which have 
been admired by so many visitors to his late residence in Wilson- 
street, Finsbury, were thoroughly repaired and presented to the 
Royal Society by Mrs. Appold, not long before her death, 

He CHARTERED Gas Company.—This ‘company’s bill, for 
the establishment of large gasworks at Hackney, has been lost 
in the House of Lords by a division of 27 to 26. So the works 
at Westininster, and those in Goswell-street, the Curtain-road, 
and the City Gasworks near the Temple, must remain where 
they are for a few years longer. 

Lonpon Wattr.—The new number of the Journal of the 
Chemical Society contains an abstract of Professor Frankland’s 
report on the water supply of the metropolis for 1865-6, accom- 
panied by tables and diagrams showing the monthly variation in 
the amount of organic and other matters in 100,000 parts. He 
says that comparison shows clearly how closely the condition of 
river waters is connected with the amount of rainfall; but, in 
opposition to the commonly received opinion, it proves that the 
waters in question are much purer in dry than in wet weather, 
even if the drought occurs during a very hot summer; yet it 
would be obviously premature to pre: from the observa- 
tions of one year only, and that, in some respects, exceptional. 

Tue BririsH ASSOCIATION FOR THE ADVANCEMENT OF 
Sctence.—At the forthcoming meeting of the association in 
Nottingham the opening address will be delivered in the New 
Theatre by Mr. W. Rt. Grove, President-elect. Excursions of 
scientific interest will be taken to the Midland Railway Works 
at Derby, Eastwool Riddings, Cinder-hill, Annesley (the birth- 
place of Lord Byron’s “‘ Mary ”) Newstead Abbey, the Derwent 
and the Wye Valleys, and Charnwood Forest. ‘he Dukes of 
Devonshire and Kutland, Mr. W. F. Webb, Mr. Ambrose de 
Lisle, and other gentlemen have volunteered to entertain the 
members of the association at the above places. 

Finspuky Park.—It is now decided that Finsbury Park 
shall have an exteut of but 100 acres, exclusive of 20 to be dis- 
posed of for building purposes. 

Tue Sacrep River or tHe Hrnpoos.—The Chairman ot 
the Bombay, Baroda, and Central India Railway Company 
informed the shareholders at their last meeting that the sacred- 
ness of the Ganges would cease in about two years’ time, and 
that the Nerbudda would then be the sacred river of the 
Hindoos. 
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NOTES ON LOCOMOTIVES. 


Upon the Midland Railway an engine was once emp i 
which four coupled driving-wheels, 64 ft. in diameter and 16 ft. 
opert, supported the whole weight of the engine, which was 

tons, or 8 tons on a wheel. With two carriages, Mr. W. 
H. Barlow has stated that it has been run at the rate of 78 miles 
an hour. 

If locomotive tubeplates are made of the whole depth of the 
firebox, it is desirable, for economical cousiderations, that that 
ro of the plate below the tubes be no thicker than ,; in. or 

in. By lapping two copper tubeplates of full thickness upon 
each other, and passing them, together, through a pair of rolls, 
the overlapping portions may be reduced to any thickness not 
Jess than one-half that of the original full thickness, This 
method is practised in the copper rolling-mills, In some cases, 
the thickness is reduced by planing, 

The old engine, Rocket, sold by the Liverpool and Manchester 
Company in 1837, was afterwards run for some time upon the 
Midgeholme Railway, and attained a speed, on one occasion, of 
60 miles an hour, making upwards of 4 miles in 44 minutes. 

A locomotive engine, constructed by George Stephenson, was 
placed on the Liverpool and Manchester line in the early part 
of 1829, before the advent of the Rocket. The first engine was 
ordered before 27th March, 1828, 

In several locomotives constructed in the United States it has 
been deemed necessary to apply a separate expansion valve, 
worked by a separate eccentric, to the back of the ordinary slide- 
valve, alibough the latter is worked, as before, by the link 
motion. Before the adoption of the link in America, separate 
expansion-valves were generally used, 

Mr. Ross Winans, the builder of the “ cigar steamer,” has an 
American patent, issued in 1840 and extended in 1854, for the 
variable blast in locomotives, In a suit for infringement he ob- 
tained a verdict for 300/. damages for each engine to which the 
contrivance had been applied by the parties prosecuted. 

It has been estimated that 20 horse-power are absorbed in 
working the valves of a large locomotive, working under the 
usual pressure of steam. 

Trevithick’s locomotive, made in 1804, was the result of a 
wager of 1000 guineas, made by Mr. Samuel Homfray, of the 
Pen-y-darren Works, that he would convey a load of iron for a 
distance of nine miles along a cast-iron tramroad. 

Locomotives have occasionally run away without attendants, 
On January Ist, 1850, on the occasion of a collision at Graves- 
end, one of the engines, from which the driver had leaped, ran 
to within two miles of London. 

Mr. William Stewart, of Drogheda, successfully construeted 
and worked a locomotive engine, in 1814, at the Parkend Coal 
Company’s works, Forest of Dean. 

In 1847 the largest locomotive works in the world were those 
at Seraing, near Liége. 10,000 workmen were employed in all 
the departments of the iron trade carried on at this establish- 
ment. 

Some of the inside-cylinder express engines on the London 
and North-Western Railway have a weight of 11 tons 12 cwt. 
2 qr. 20 Ib., or 26,060 Ib., on the leading wheels only. 

To obtain the tractive poor of a locomotive, multiply the 
square of the diameter of the cylinder in inches by the pressure 
in pounds per square inch. Multiply the product by the 
length of the stroke in inches, and divide by the diameter of the 
wheel in inches, The quotient is the tractive power in pounds. 

If a locomotive engine, fitted with the link motion, be raised 
from the , and its wheels revolved in the air, it will be 
found that, with the same opening of the regulator, they will re- 
volve faster when the link is nearly in mid gear than when in full 

. The compression of steam, with an early cut-off, arrests 
Socata of the reciprocating and unbalanced revolving 
parts, and inereases the rapidity of their motion, 

Some of the loeomotives constructed by George Stephenson, 
for the Stockton and Darlington line, before the Rocket was 
commenced, weighed 12 tons. 

The majority of the locomotives employed upon the Canadian 
railways have been made in the United States, and imported 
into the province under an ad valorem duty of 12} per cent. 


If a locomotive going at the rate of 60 miles an hour were to | po 


be run up a short incline of 45° and allowed to jump from the 
top, the engine would describe a curve 60 ft. high in the air and 
240 ft. long. 








The weight on the driving-wheels of some locomotives is con- | 


siderably increased on letting steam upon the pistons. In one case 
of an engine with four driving wheels and a bogie, the weight 
upon the driving wheels, ‘vithout steam being let upon the pis- 
tons, was 19,2201b. By chaining the tender to the rails and 
letting the full pressure of the steam upon the pistons, the 
weight upon the driving wheels was found to be 21,070 Ib., an 
increase of 1850 1b., or nearly 10 per cent. 

The repairs of locomotive engines in full;work average 10 per 
cent. annually upon their cost. : 

The weight of the heaviest tank engines on the Vale of Neath 
Railway is 56 tons. 

The celebrated “ A” engine, built by Robert Stephenson and 
Co., for the York and Newcastle (now North-Eastern) Railway, 
ran on one occasion, prior to 1846, 45 miles in 47 minutes, 
taking with it a load of seven carriages. 

The four-wheeled coupled tank engines originally built to work 
the Bhore Ghat incline of the Great Indian Peninsula Railway 
weighed 84 tous 10 cwt., of which 15 tons 17 ewt, were upon the 
front, and 18 tons 18 ewt. upon the back wheels. 

A locomotive, when blowing off steam, has a greater appa- 
rent weight on the rails, owing to the reaction of the steam 
against the air. : 

The discharge of the exhaust steam through the blast pipes 
of a locomotive increases the weight of the engine on the rails 
by reaction against the air. 

Some of the Continental locomotive factories have executed a 
very large amount of work. The factory of André Koecklin 
and Co., at Mulhouse, has delivered ninety-eight locomotives in 


one year. Escher, Weiss, and Co., at Zurich, ave & large esta- 


blishment devoted to the production of locomotives. 





Mr. Bodmer once built a locomotive with 16 in. eylinders and 
15 in. stroke, and designed another with 22in. cylinders and 


in | only 12 in. stroke. 


The experiments, of which something was heard a few years 
ago, and again lately, of magnetising the tyres of locomotive 
driving wheels to increase their adhesion to the rails, do not 
appear to have been successful. 

he Messrs. Stephenson's locomotive works at Newcastle were 
established with the sum of 20002, 1000/. of which was the 
amount presented by the leading citizens of Newcastle to G 
Stephenson for the invention of the safety lamp. The wor 
have turned out more than 1600 locomotives, and for many years 
paid a profit of between 25,0002. and 80,0002, a year. 

A locomotive, weighing 33 tons upon a level, presses upon the 
rails with a force of but 32 tons, when placed upon an incline 
of 1 in 33. 

The adhesion of locomotive driving wheels to dry rails has 
been proved to be as much as three-eighths of the insistent 
weight. An engine of 24 tons weight, with a tender weighing 
12 tons, has worked successfully up an incline of 1 in 10, taking 
with it a loaded carriage weighing 13 tons—a total moving 
weight of 49 tons. f 

The celebrated engine, Rocket, was the nineteenth built at 
Messrs. Stephenson’s works, which were started in 1823, or six 
years before the trial at Rainbill. 

Large solid bars of cast steel, tapered at the ends, have been 
successfully used for locomotive engine springs. They require 
much care in tempering. 

The London and North-Western Railway Company expended 
80002. on the locomotive experiments made in 1852. 

The London and South-Western locomotives of the ‘‘ Snake” 
class, 144in. cylinder and 21 in. stroke, weighed 19 tons, of 
which 6 tons were on the driving wheels, 8 tons on the leading, 
and 5 tons on the trailing wheels. For 18 ton engines, Mr. D. 
K. Clark considers that 30 ewt. is the proper load for the trailing 
wheels, The London and North-Western goods engines have 8 tons 
4 cwt. on the leading wheels, while the four driving wheels, 
which are coupled, have 9 tons 1 cwt. on the front and 12 tons 
11 cwt. on the hind pair. The Crewe-built goods engines have 
53 tons on the leading wheels, while the four —— Ariving- 
aan have 9tons on the front and 4% tons on the hind pair. 
Sharp and Co.’s six-wheel coupled engines were yery equally 
balanced, via., 84 tons on the front, 9 tons on the middle, 
and 8% tons on the hind wheels. The London and North- 
Western express engines have 11 tons 12 ewt. on the 
leading, 12 tons 4 ewt. in the driving, and 7 tons 8 cwt. on the 
trailing wheels. The load on the leading wheels, nearly 6 tons 
on each wheel, is enormous. The French express engines on 
Crampton’s pattern have 11} tons on the leading and 11} tons 
on the driving wheels, the intermediate carrying wheels being 
loaded with 4 tons. : ' ’ 

In towing an empty locomotive forward, with the link motion 
in back gear, a heavy pressure of air will be pumped into the 
boiler. 

All American locomotives have bells, besides steam whistles. 
In a few instances the former weigh as much as 275 lb. each. 

The Liverpool locomotive, built by Bury, Curtis, and Ken- 
nedy, in 1830, had the first pair of 6 ft. driving wheels ever 
employed upon a railway, and ran, on some occasions, at the 
rate of 60 miles per hour. : 

The Aberdare coal used in the locomotives on the Taff Vale 
Railway burns out the firebars very rapidly, sometimes two 
entire sets in one day. For this reason fragment of fire-brick 
have been spread over the firegrate, and with this protection the 
bars last four months. 

The first locomotive built with inside cylinders and a crank 
axle was the Globe, by Timothy Hackworth, in 1829. She was 
run on several occasions at the rate at 50 miles per hour. 

The ex tank-engines made in 1853 by Messrs. Rothwell 
and Co., for the Bristol and Exeter Railway, have 16} in. cylin- 
ders, 24in, stroke, 9 ft. driving wheels, and a four-wheeled 
bogie under each end, The driving wheels haye flat tyres, and 
are the very largest in diameter now running. 

The action of a locomotive causes an end pressure of from 
700 lb. to 5000 Ib, on each rail over which it is passing, accord- 
ing to the amount of tractive power exerted. 

A locomotive with 18 in. cylinders would be reckoned as of 
about 70 nominal horse-power, yet such engines have exerted 
700 actual horse-power. Agricultural engines of “ 8 horse- 
wer” are often worked up to 60 horse-power. A price of 3/. 
per actual horse-power is about the average for locomotives. 

In America, where it has always been customary to provide a 
“ house,” or enclosure for the engine-drivers, on locomotives, it 
is now becoming the practice to erect ‘* houses” on the tenders. 

The Ajax engine, once running on the Great-Western Railway, 
had 10 ft. driving wheels, and only 474 square feet of heating 
surface. 

The exhaustion produced by the locomotive blast-pipe has 
amounted to 12in. or 13 in. of water. An exhaustion equal to 
from 8 in. to 6 in. is, however, a more usual perfcrmance, 

The engine, Sun, at work upon the Liverpool and Manchester 
Railway, in 1836, had 14 in. cylinders and 6 ft. driving wheels, 
with a stroke of piston of only 12in. . 

It has been observed that the copper fireboxes of locomotives 
wear much more rapidly from a thickness of ¢in. to gin. than 
from ? in. to Pin, ‘ y 

Locomotive tubes 2} in. diameter, and 16 ft. 6 in. long, are in 
use in engines upon tie Eastern and the Northern Railways of 
France, and in a few engines made in America tubes 17 ft. long 
have been adopted. 

In Mr. Daniel Gooch’s experiments, on the Great Western 
Railway, the consumption of coke in locomotives was, in some 
instances, as little as 2 1b. per indicated horse-power per hour. 

Hollow connecting-rods bave been made for locomotives, b 
welding ,'; in. iron plate together around the mandril, the “ stu: 
ends” being welded in. . 

Galvanised iron pipes have been employed for the main steam 
pipes of locomotives. 

Locomotive steam cylinders generally wear fastest on the 
side of the bore next the steam ports.. This is partly because 
of the greater thickness and consequent softness of the casting 
at that place, and to the dropping of the lubricating matter from 
them to the bottom of the cylinder. R , 

Tank engines have a variable amount of adhesion, aceording 





Goquatiy é fuel and water at any time remaining upon 
e engine. 
Single-cylinder locomotives for mineral railways have been 


constructed in Scotland. Ordinary locomotives have often 
completed their trips suecessfally, after one cylinder and its 
— working parts had broken down and been discon- 


nec 

The weight of the heaviest tenders on the London and North- 
Western Railway is, when loaded, no less than 21 tons 8 cwt., 
or 47,936 1b. Tenders equally heavy are to be found on the 
Great Eastern line. 

Upon some of the locomotives of the Great Western Railway, 
the adhesion of the trailing wheels has been sometimes added to 
that of the driving wheels, by introducing on one side of the 

ine a friction wheel of about 2 ft. diameter between the two, 
and which, by being drawn by a screw tightly between them, 
coupled them effectually. 

Locomotive cranks a been found to break oftenest upon 
the left-hand side of the engine, 

Locomotives with three cylinders have been occasionally built. 
Messrs. R. Stephenson and Co, have made locomotives each 
with one cylinder of 163in. diameter and 18 in. stroke, and two 
cylinders of 104 in. diameter and 22 in. stroke. 

In a few engines on the South-Western Railway, the cylinders 
were lined with a thin steel bushing, which was surrounded by 
the exhaust steam. Instead of heating the cylinder and pre- 
venting condensation, this arrangement undoubtedly cooled it, 
and caused condensation. 

Ugle’s steam carriage, in use previous to 1881, ran, altogether, 
800 miles, the pressure of steam having been 250 Ib. per square 
inch. A speed of from thirty-two to thirty-five miles an hour 
was attained upon a common turnpike-road. The engine 
weighed 3 tons with coal and water, but without passengers, of 
which as many as nineteen were sometimes convtel. 

The first tank locomotive is believed to have been the Novelty, 
constructed by Messrs. Braithwaite and Ericsson in 1829, 

With a given amount of brake power, a train running at 40 
miles an hour will run four times farther before being stopped 
than it will at 20 miles an hour, the “ work” stored up in the 
train of course varying as the square of the speeds. 

The engine Liverpool, built by Bury, Curtis, and Kennedy, 
for the London and North-Western Railway, had 18 in. cylinders, 
24 in, stroke, one pair of 8 ft. driving-wheels, the boiler contain- 
ing 300 tubes, 2,3; in. in diameter and 12 ft. 8 in. long, and the 
= heating surface in the tubes and firebox was 2260 square 
eet. 

Mr. Ross Winans, the builder of the “cigar steamer,” ot 
which so much has been said, once constructed a passenger 
engine with eight —— wheels, each 3 ft. 7 in. in diameter, in 
addition to a bogie of four wheels. The cylinders were 22 in, 
in diameter, the stroke of piston being also 22 in. 

On the Great Eastern and on some of the northern rail- 
ways, goods engines with 6 ft. driving wheels are in regular 
use, 

A locomotive engine exerting a tractive force of two tons at a 
speed of sixty miles an hour, develops upwards of 700 horse 
power. 

Cast-iron piston packing-rings, so extensively used here in 
locomotive engines, cannot, either from the greater hardness of 
American iron or from some other reason, be used in American 
locomotives. 

Mr. Fairbairn’s experiments show that a train moving at 20 
miles an hour on a level may be stopped, by means of continuous 
brakes, in a distance of 72 ft., and at 60 miles an hour in a dis- 
tance of 636 ft. ‘ 

Five of the locomotives of the Central Railway of New Jersey, 
U.S., were once fitted with apparatus for magnetising the rims 
of the driving-wheels, and thereby increasing their adhesion 
to the rails. Magnetising apparatus has also been tried in this 
country, but without success. 

A 6 ft. locomotive driving-wheel makes 280 turns in running 
one mile, 

Steam-brakes are in use on the locomotives of the St. Germain 
and Auteuil Railways of France. 








East Inptan RatLway.—At the present juncture, when the 
Continent is in a blaze and enterprise is almost crushed out by a 
10 per cent. discount rate at home, the building of 215 locomo- 
tives for this great rye | forms a good business in itself. When 
it is remembered that each of these engines will have to be taken 
to pieces, poy to India, and then put together again, one 
would think that the whole cost to the company would be not 
far short of 650,0002. The rough revenue of the East Indian 
Railway increased in 1865 to 1,678,944/., as compared with 
1,272,5762. in 1864, showing an augmentation of 406,368/. 
The net profit realised in 1865 was 928,751/., as compared with 
625,895/. in 1864; the length of line worked having averaged 
1127 miles in 1865, as compared which 1059 miles in 
1864. These results must be regarded as highly gratify- 
ing when we consider that the line is still, to some ex- 
tent, ina crude and undeveloped state. The 215 engines 
under order will doubtless earn a still further addition to a 
revenue which has experienced a considerable expansion in the 
first five months of this year, as compared with the correspond- 
ing period of 1865. Amidst the gloom occasioned by European 
distractions and home difficulties, it is satisfactory to observe 
that we have a pacified America and a tranquilised and thriving 
India. 

Great AND LonG-continvED SprEep.—On the occasion 
of the late fire at Newcastle, when the safety of the high-level 
bridge was endangered, a telegram was sent to London requiring 
the attendance of Mr. Harrison, the engineer of the North- 
Eastern Railway Company, and that gentleman was conveyed 
by an engine belonging to the Great-Northern Company from 
King’s-cross to York, a distance of 191 miles, in 3 hours and 
43 minutes, including a stoppage of eight minutes at Newark 
for water and Jubricating the engine. The driver who accom- 
plished this journey is named Robinson, one of the most ex- 
yerienced men in the company’s service. The average speed 
bor the whole distance was upwards of 53 miles an hour, exclu- 
sive of the time lost in stopping. 
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IRRIGATION IN INDIA.—II. 


Wuen the Government in India passed from the 
hands of the natives to the East India Company, the 
maintenance of the works of irrigation, as a matter of 
course, devolved upon the new rulers from that time 
forward. The hopeless state of confusion into which 
the Tanjore Government had fallen led to the cession 
of their country to the English in 1801, and it was 
not long before the defects inherent in the native 
system of constructing irrigation works began to 
exhibit themselves, and means were accordingly 
adopted for their removal. A few years later attention 
was first drawn to the propriety of restoring the 
a canals by the offer of a Mr. Mercer to re-open 
the Delhi Canal at his own expense, on being secured 
the whole proceeds from it for twenty years. This 
offer was declined, and, about the year 1810,.several 
officers were deputed to survey and report upon the 
lines of canal both east and west of the Jumna. The 
subject was, however, for a time dropped, but was 
renewed with characteristic vigour during the admi- 
nistration of the Marquis of Hastings in 1817. In 
1822 inquiries were extended to the Doab Canal, and 
thenceforth the works were carried forward with energy. 
Thus the attention of the British Government in 
India was first most naturally directed to the restora- 
tion of the old native works, then to their extension 
and full development, and finally to the construction 
of entirely new lines of por ; but, as we stated 
in the previous article on this subject, no extension 
has hitherto been made in the system of tank irriga- 
tion, but many of those works have been allowed to 
fall into ruin and decay. Nevertheless, it has been 
remarked by an Indian officer of high authority on 
such matters, that, although the tank system of 
Madras is essentially native in its origin and nearly all 
its details, it does not present unobjectionable models 
for introduction elsewhere. In other parts of India 
there are many rivers of the same spasmodic character 
as those of the Carnatic, and other regions of tank 
irrigation—the whole series of sub-Himalayan torrents 
and local drainage lines in the Northern Doab and 
Central India belonging to that class—but, as yet, 
little has been done to utilise their waters, though 
what has been done has proved very encouraging. 
That a tank system is destined to grow up in con- 
nexion with, and subservient to, the present local canal 
system there can be little doubt, and a large portion, 
if not the whole, of that volume now running waste 
every season, through districts to which its retention 
would be the greatest of boons, will yet be economised. 

Without attempting to follow the successive ad- 
ministrations in India through their operations for the 
extension of irrigation works since the commencement 
of the present century—which would obviously lead 
us considerably beyond the limits of a single article— 
our primary object will be achieved by laying before 
our readers a statement of the present state of irriga- 
tion works in India, that object being to point out 
what has hitherto been done by Government for the 
country in this respect, the extent of land (so far as 
we have been able to ascertain) now benefiting from 
artificial irrigation, and the respective a on, 
and returns from, each work; we shall then proceed, 
in a subsequent article, to point out what yet remains 
to be done, and the means by which future works must 
be carried out, if the operations of Government are to 
keep pace with the demands of the country. 

ommencing with the canals in the North-West 
Provinces, we have the Ganges Canal, the Eastern 
Jumna Canal, the Dhoon canals, the Rohileund canals, 
and the Agra Irrigation Works. 

We have already, in previous articles, given very 
detailed statements concerning the Ganges Canal; but 
as our accounts of some of these works do not reach 
a later date than 1864, for the sake of uniformity we 
shall limit our remarks here, on all the irrigation works 
in India, to a statement of their condition at the end 
of the official year 1863-64. 

The Ganges Canal was commenced on the 16th 
April, 1842, and at the end of 1863-64 there were 650 
miles of canal open, and 2382 miles of rajbuhas or dis- 
tributing watercourses ; the total outlay on works of 
construction had been 2,058,714/. The mean dis- 
charge at the canal head was 4346 cubic feet per 
second, and the number of acres irrigated during the 
year was—of spring crop 97,538, and of autumn 
crop 352,250 acres, making a total of 449,788 acres, 
or about 700 square miles. The value of the crops 
grown under this irrigation was computed at about 
1,250,000/., and they consisted principally of wheat, 
sugar-cane, cotton, and indigo. The gross revenue 
amounted to 77,339/., and the expenditure to 58,246/., 
leaving a net profit of 19,093/., which, on the above 
capital, amounted to not quite 1.1 per cent. 





The construction of the Eastern Jumna Canal is 
ordinarily attributed to Ali Murdan Khan, about the 
commencement of the seventeenth century; but, 
although there is every reason to believe that the canal 
was excavated, it is very doubtful whether a supply of 
water was maintained in it for more than one season. 
With a view to restoring this ancient work, surveys 
were first made in 1822, but the canal was not com- 
pleted, as originally projected, until the year 1830. 
The imperfect knowledge of hydraulic engineering 
possessed by engineer officers at that time led to many 
errors of construction. The original excavation of the 
canal was carried to a depth of four feet beneath the 
surface level of the country, without reference to the 
natural fall, which in the northern and southern parts 
of the canal was excessive, thus nearly every bridge 
was placed in imminent peril of destruction by the 
rapids which established themselves at different points, 
and a project had to be devised for remodelling the 
canal. This duty devolved on Sir Proby Cautley who 
carried out the necessary works, and remained in 
charge of the canal up to the year 1843. 

The present state of this canal is as follows: Length 
of canal, 130 miles; length of rajbuhas, 602 miles. 
to the end of 1863-64, the capital sunk on it had 
amounted to 144,755/. The gross revenue of the year 
was 26,502/., and the gross expenditure for mainte- 
nance and repairs, 11,5497. leaving a balance of 
14,953/., or at the rate of 10.33 per cent. on the 
capital. The mean discharge at the canal head was 
932 cubic feet per second, and the number of acres 
irrigated during the year was 181,331, irrespective of 
the land in 288 villages, where the water being sold 
by contract, no account was taken of the acreage under 
irrigation. 

he Dhoon canals are a set of small but most inte- 
resting canals, by which a portion of the great natural 
facilities for irrigation possessed by the beautiful valley 
of Deyrah has been taken advantage of. They consist 
of the following, viz.: Beejapore Canal, 11} miles in 
length ; Rajpoor Canal, 12 miles; Kullunga Canal, 
12 miles; Kutta Putthur Canal, 194 miles; and the 
Jakhun Canal, 12 miles, making a total of a little over 
664 miles in length. 

The et 2 watercourse was sanctioned in 1838-39, 
and completed in 1841; it is derived from the Tonse, 
a drainage line of one of the valleys of the great Him- 
malayan range, and irrigates a triangular tract of 
country to the westward of the town of Deyrah, about 
7500 acres in extent. The original cost of the works 
was 1592/. 12s. 

The Rajpoor watercourse was, as well as the Beeja- 
pore, designed by Sir Proby Cautley. It is intended 
chiefly to supply the town of Deyrah with good drink- 
ing water, although it has a branch for irrigation, 
which supplies water to a triangular tract of land to 
the eastward of the town of Deyrah. The total cost 
of these works was 4298/.; they were sanctioned in 
1843, and completed in the year 1844-45. 

The Kull and Jakhun Canals were sanctioned in 
1855, and the Kutta Putthur Canal in 1856, and were 
opened between the years 1859-60 and 1862-63. By 
the end of 1863-64, the total outlay on these canals had 
amounted to 49,230/.; the gross income for that year 
was 2153/., and the expenditure on maintenance and 
repairs 2085/., leaving the small sum uf 68/. as profit, 
equal to about 0.13 per cent. on the capital sunk. The 
extent of land irrigated by these amounted to 
9126 acres. 

The Rohileund canals consist of the East Bygool, 
Kitcha and Dhora, Paha, Kylas, Nuggeenah, on eh- 
tore Canals. These canals are taken from the rivers 
and streams in Rohilcund, and are none of them of any 
prast length ; the East Bygool, of 108 miles in length, 

eing perhaps the largest of them all, the Kitcha and 
Dhora together being only 32}, and the Paha but 
13 miles in length. * 
minor streams from which irrigation could be carried, 
particularly in the Turraie, where a better system of 
irrigation is much wanted, the numerous swamps there 
having been mainly caused by the injudicious bunding 
of the streams. e earliest of these works was pro- 
bably commenced in the year 1847. The total outlay 
at the end of 1863-64 had amounted to 31,190/.; the 
oss income for the year was 4415/., and the expen- 
ture 2605/., leaving a surplus of 1810/., cigtinitont 
to a profit at the rate of 5.8 per cent. on outlay. |The 
mean discharge of the whole of these canals was 426 
cubic feet per second. The area irrigated amounted to 
83,904 acres, and the total value of the crops irrigated 
was computed at 306,396/. 

The nature of the irrigation in this province is quite 
different from that in the country west of the Ganges, 
here water being required chiefly for the khureef 
(autumn) crops on the ceasing of the rains. The 


this district there are many. 





rubbee (spring) crops seldom require more than a 
single watering, which accounts for the large area irri- 
gated per cubic foot of discharge. 

The Agra Irrigation Works consist of the Ootunghun 
Torrent, Futtehpoor Sekri Reservoir, Kharree Nuddi, 
Burkhole Main and Burkhole Branch Canals, Mundi 
Mirza Khan Weir, Sikroda Bund, Kheyragurh Canal, 
and Daolee Canal. 

It is unnecessary to enter here into detailed par- 
ticulars concerning these works, as they are all of a 
small character. They were commenced upon in the year 
1850-51, and had cost, up to the date to which our 
notice extends, the sum of 18,6797. The gross receipts 
for the year were 1398/., and the expenditure 1468/., 
showing a loss to the State of 70/. The extent of 
land irrigated was 34,895 acres. The nature of the 
irrigation from these works consists partly in sub- 
mergence of large areas of land in reservoirs formed by 
artificial dams, and partly in flooding of the land, just 
previous to the rubbee sowings, by running off the 
water from these reservoirs. 

The principal irrigation works in the Punjaub consist 
of the Baree Doab Canal, the Western Jumna Canal, 
the Sutlej and Chenab Inundation Canals, the Indus 
nh and the Delhi and Goorgaon Minor Irrigation 

orks. 

The Baree Doab Canal was commenced about the 
year 1852-53. It is 565 miles in length, and has 
519 miles of rajbuhas, making altogether a total 
length of 1084 miles of watercourses. In 1860, the 
old Husli Canal was incorporated with it, which has 
since that date ceased to exist as a separate line of 
irrigation, and formed a branch of the Baree Doab. 
The main line leaves the Ravee river some miles below 
the Fort of Shahpore, and, after throwing out two 
branches, falls again into the same river 60 miles above 
Mooltan. Up to the end of 1863-64 the total outlay 
on original works had been 1,129,940/., and on main- 
tenance and repairs 120,054/. During the year 134,362 
acres of land were irrigated from this canal, the total 
value of the crops being estimated at 241,969/. The 
mean discharge was, for the khureef crops, 1613 cubie 
feet, and for the rubbee crops, 775 cubic feet per 
second. The receipts for the year amounted to 
42,979/., and the charges to 34,801/., showing a profit 
of 81787. 

The Western Jumna is one of the oldest of the Mogul 
canals, and its original construction is attributed to 
Feroze Toghlak. The reconstruction of this canal was 
aaa by the British Government in the year 
1820, after a suspension of its usefulness of more than 
half a century. its length is about 440 miles, the total 
area irrigated during 1863-64 was 351,537 acres, or 
nearly 550 square miles. The number of villages 
benefited was 681, and the irrigation being spread over 
an area of about five miles in width on each side of the 
canal, the blessings of its waters have been felt over an 
extent of probably between 4000 and 5000 square 
miles. The total outlay had been 195,906/. ; the _— 
revenue for the year was 39,705/., and the expenditure 
17,920/., leaving a net profit of 21,785/., equivalent to 
16.12 per cent. on the capital. The average daily dis- 
charge of the canal at its head was about 1254 cubic 
feet per second. In its restoration many of the old 
defects of construction were perpetuated. The present 
line is that originally selected by the Mahomedan 
emperors, which has from time to time been improved 
as necessity demanded; but these projects have been 
of such small extent that but little good has been 
effected. The question of its improvement is now 
under consideration, and a large outlay will doubtless 
be incurred ere long, with the view of rectifying the 
errors in its original construction, the roughly esti- 
mated cost of such works being no less than 384,000/. 

The Inundation Canals in the Punjab are of various 
sizes, but mostly small’; they derive their sources from 
the Rivers Sutlej and Chenab, and carry only the flood 
or inundation water, which alone rises high enough to 
reach them. They were originally constructed before 
the occupation of the Punjab; but since that period 
they have been improved and added to. There are 
thirty-four of these canals, twenty of them, of an ag- 

regate length of 440 miles, being taken from the Sut- 
ej, and fourteen, of an te length of 219 miles, 
from the Chenab. ‘The total expenditure on origi- 
nal works up to the end of 1863-64 had amounted to 
76,459/. ; the revenue for that year was 3792/., and the 
expenditure 3610/., exhibiting a net profit of only 
182/. 

The Indus canals consist of twenty-five short lines 
taken from the River Indus, of an aggregate length of 
of about 520 miles; the largest of all is the 
Canal, which is 70 miles in length. These canals are 
used for irrigation purposes between the months of 
May and September; water is forced into them by 
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means of a dam thrown across the Indus, and they ap- 
pear to be subject to the same conditions as those of 
the Sutlej and Chenah rivers. The direct income from 
these rivers appears to be nothing, their water being 

iven to the cultivators on condition of their paying 
alf the cost of the annual clearance. The enhance- 
ment of land revenue is the only return derived from 
them. These works were not all undertaken by Go- 
vernment, some of them having been constructed by 
chiefs at their own cost. The extent of land irrigated 
by the Indus canals is, on an average, about 150,000 


acres. 

The Delhi and Goorgaon Irrigation Works are of 
an entirely exceptional character from the ordinary ir- 
rigation system of the Punjab; they consist princi- 

vally of the Nujufgurh jheel, or lake, into which the 

rainage of mall y the whole of the surrounding coun- 
try falls, they also comprise certain other artificial 
bodies of water, which are held up by means of earthen 
or masonry dams constructed across the mes 
drainage lines. In some cases irrigation is provided 
by cultivating the beds of these reservoirs, which have 
become saturated by a large body of water lying in 
them for considerable intervals, and which are dried 
up partially by evaporation and partly by running off 
the water to other bunds; in other cases masonry 
heads are fixed in certain of these dams, and the water 
led off by regularly constructed channels to other lands, 
where it is used for irrigation in the ordinary method. 
The outlay on original works up to the end of 1863- 
64 was 15,708/.; the gross income for the year 2631/. 
and the charges 875/., thus showing a net profit of 
17562., or at the rate of 11.69 per cent. on outlay, 
The total area irrigated and under wet cultivation was 
64,115 acres, being an increase of about 22,794 acres 
on the preceding year. 

In the lower provinces of Bengal, little or nothing 
has hitherto been done towards the provision of means 
for artificial irrigation by Government, although pro- 
_ are not wanting for such works. The East India 

rrigation Company have broken ground in Cuttack, 
one of the districts in which the present scarcity is 
being felt, and which have always been subject to simi- 
lar peroidical visitations. In 1853, Lieutenant (now 
Lieutenant-Colonel) Dickens submitted to Government 
a “Note on a project for Canals in certain Districts of 
on al ;” but, as we have already stated, no action 
een hitherto taken in the matter by Government, 

and Cuttack, Shahabad, Orissa, and other districts of 
Lower Bengal are yet unfurnished with the means for 
irrigation. ‘The eagerness with which water is sought 
for there is pretty clearly shown by the following ex- 
tract of a letter from the East India Irrigation Com- 
pany’s Chief Engineer, of May 29th last, which ap- 
peared in the Zimes of the 9th instant: “ P.S.—I have 
reopened my letter to give you news which will cheer 
you more than any I have been yet able to send you. 
A telegram has just been received from the Executive 
Engineer at Midnapore, to the effect that application 
had just been received by him for water for 10,000 
acres in Ratige 3 of his canal. It is at a place where 
there is no distributary as yet, but I have ordered him 
to cut the bank, put in temporary sluices, throw the 
water on the country (we can afford to waste a good 
deal at first, by way of temptation to others), and mark 
out the channel without delay. Eighteen leases have 
also just been sent in, signed, to Mr. Levinge for water 


from the Kendrapara Canal, at Cuttack, and eighteen | 


more are to follow, besides numerous other applica- 
tions; so I think this is the real commencement or first 
fruits of our works.” 

Parliamentary Paper No. 342, of 1865, gives an 
abstract statement of remunerative works in Madras 
from 1857-58 to 1862-63; from that, and from further 
information on the subject with which we have been 
furnished, we are enabled to give the following short 
account of irrigation works in the Peninsula of India. 
As we have already stated, the Madras Presidency, 
and especially Tanjore, contained many works of 
this character before the commencement of British 
rule, and several of the following owe their origin to 
native energy, having been merely restored and ex- 
tended since the country came under English govern- 
ment. The following is a list of the principal works 
of that description now in existence :—the Godavery 
Anicut, with subsidiary works ; the Kistna Anicut ; the 
Pennair Anicut; the hagondanahully Anicut; the 
Palar Anicut, in Madras; the Coratoor and Casave- 
ram Anicut ; the Palar Anicut, in North Arcot; the 
Ponnie Anicut; the Cheyar Anicut; the Lower 
Coleroon Anicut, in South Arcot; the Vellar Anicut ; 
the Ragavaiyen Channel; the Teruvadi Anicut; the 
Vicravandi Anicut; the Upper Coleroon Anicut, in 
Tanjore ; the Lower Coleroon Anicut, in Tanjore; 
the KKantempolliem Anicut ; the Yennamakal Dam; the 


,above that average, less the cost of repairs, inteyest 





Nundyar Anicut; the East Coast Canal; the Thadda- 
pully Channel, in Coimbatore ; the Calingaroyen 

hannel, in Coimbatore; and the Arakencottah 
Channel, in Coimbatore. Besides, these there are 
also many smaller channels, and some tanks, which 
assist in the general work of irrigation, but of which 
the limit of space prevents more than a passing allusion 
at present. 

As early as 1804 attention seems to have been 
directed towards the necessity of improving the native 
works on the rivers Coleroon and Cauvery, in Tanjore, 
andaconstant struggle was maintained for nearly twenty- 
five years against the increasing tendency of the river- 
bed of the Cauvery to silt up. About 1829-30 the 
crisis had been reached, and at that time there began 
the series of operations of which the final issue has 
been the successful removal of all the previously 
existing evils, and the establishment of the relative 
conditions of the Cauvery and Coleroon on a satisfac- 
tory basis. The works executed between 1830 and 
1836 partook so far of the character of the measures 
previously adopted as to be directed against the symp- 
toms, rather than against the cause, of the evil affecting 
the river-bed. ‘Since the latter date the more general 
and systematic efforts of the Government to supply 
irrigation to the territories of the Madras Presidency 
may be said to have commenced, but it is subsequent 
to the labours and investigations of the Public Works 
Commissioners in 1851-52, and the formation of a 
distinct Public Works Department in India, that 
irrigation, as well as every other work of public im- 

rovement, has been energetically advanced ; neverthe- 
ee for the thirty-five years ——-- there had been 
expended on irrigation works in the Madras Presi- 
dency an amount exceeding two and a half millions 
sterling, or an average of about 74,540/. per annum, 

It would be impossible here to enter into a detailed 
account of all the above-named works, as we have done 
with respect to the canals in the North-West 
Provinces and the Punjab: a mere statement of 
their aggregate cost, and the financial results of 
their administration, will be sufficient to carry out 
our present intentions. 

The total outlay up to 30th April, 1863, on original 
works in connexion with the above list of anicuts and 
channels, appears to have been 934,316/., which sum 
does not, of course, include maintenance or repairs. 
The entire net result shows a profit on sixteen of the 
works, amounting in the egate to 3,132,849/., and 
aloss on the remainder of 28,1312, or a gross net 
profit on the whole of 3,104,718/., being rather over 
332 per cent. on the entire outlay. During the year 
1863-64 the amount of net income was 280,304/., 
which was at the rate of something above 30 per cent. 
on capital. Such results must not, however, be used to 
compare with the results, given above, obtained from 
similar works in other parts of India. Many of these 
works being but partial restorations of ancient native 
projects, which, owing to much of the old work re- 
maining uninjured or but little impared, could be 
brought into use with little really new construction, 


the outlay for restoring them was comparatively small, | p 


and the profits accordingly high. But as the expendi- 
ture in the case of these and other works is set down 
as outlay on original works and reconstruction, it is 
likely to mislead unless the fact of their being merely 
restorations of former works, of which much or certain 
portions of the ancient work remained, is clearly 
noticed. Again, the method of calculating the net 
income differs in Madras from that adopted in other 
arts of India. The net income in Madras is calculated 
f assuming, as a standard of ee the average 
of the revenue derived from the land capable of irri 
gation by the anicut for five years previous to the co 
struction of the work, and setting down all ex 








on capital, and other charges, as the increase due tdthe 
anicut in subsequent years; further, this net anual 
profit includes the assessment of the land, as wgll as 
the value of the water actually supplied, and attrifutes 
all increase in the land revenue to the work, bei 
far a more favourable mode of calculation th 


in Madras, and the difficulty of separating the 
rates from the land rental, together with thé 
restriction of the quantity of water allowed for 
tion, render it impossible to do more than shawt 
general financial result of the outlay upon irrigajion 
works. Omitting land revenue, and other extranqpus 
items of receipt, the ave returns will probably be 
found to yield a profit of about 14 per cent.; but fthe 
individual works differ very largely in their resyfts: 
thus, whilst one realises 118 per cent. per annum 0 
profit, others result in absoluteloss. = = 
The total extent of land under cultivation with the 


=~ 





limits of the Madras Presidency, during 1863-4, was 
15,851,330 acres, yielding assessment of 3,384,389/., 
of which 3,030,546 acres were under irrigation. 

We must not close this review of the Madras Irri- 
gation Works without a passing notice of the opera- 
tions of the Madras Irrigation and Canal Company ; 
but though, at the period of which we are now treat- 
ing, their works were in full vigour of prosecution, 
they were not sufficiently advanced for the distribution 
of water. Operations had, however, been commenced 
on the eighth section of the main canal, extending from 
the 115th to the 146th mile. 

In 1836, attention was first called to the bad state 
of the tanks and bunds of the Bombay Presidency, 
which were at that time under no effective supervision. 
Of the old tanks, it was stated that few were then in 
use for the purposes of irrigation; they were choked 
with the yearly accumulation of mud. On the subject 
of bundaras, it was stated that in the Ahmednuggur 
Collectorate, particularly towards Nassick, every stream 
appears to have been most carefully husbanded in 
former years, not by damming it up in large sheets of 
water, but by merely throwing low walls across them, 
at distances of three or four miles asunder, and divert- 
ing the channel into watercourses for the purposes of 
irrigation after the close of the rainy season ; of these 
bundaras many are in ruins, and very few complete. 
Since that date, many of the old tanks and bundaras 
have been repaired, and new ones constructed. A few 
canals, also, have been constructed in Dharwar and in 
the Deccan, the principal of which are the Mudduck 
tank, sluice, and canal, in Dharwar; the Kristna Canal 
and Rewarree channel, in Sattara ; and irrigation works, 
consisting of bundaras and canals, on the rivers Girna 
and Panjur, in Khandeish. 

The province of Sindh appears from native annalists 
to have once been great in its grandeur, power, and 
resources of some of its princes. It is clear, from the 
evident signs of their previous existence, that nunterous 
canals, taken off from both banks of the Indus, con- 
tributed to the irrigation of the adjoining land ; but 
when these canals first were formed, there exists, we 
believe, no authentic information, although it is not 
improbable that they may have originated in the latter 
part of the sixteenth century, whilst the country was 
under the rule of the great Akbar. 

Soon after the country was annexed to the British 
possessions in India, in 1848, these canals claimed 
attention, and comparatively large sums were spent on 
their annual clearance. In 1856-57, a scheme was first 
entertained for the supersession of the precarious sys- 
tem of irrigation from inundation canals by one of per- 
manent supply. Some of the principal irrigation works 
in Sindh are the Narra supply-channels, the Ghar, the 
Biggaree, the Sukkur, oat Shadadpoor, the Foolalee, 
the Alliwah, the Mitrow, and the Thurr Canals. 

With respect to the cost and returns from the Bom- 
bay and Sindh irrigation works, we have been unable 
to obtain any reliable information, and we have there- 
fore been obliged to content ourselves with a mere 
statement, in outline, of what has been done in those 
arts of India towards the promotion and extension of 
irrigation works. 

e believe that the foregoing is a faithful and im- 

artial account of the progress of irrigation works in 
ndia; but, although much has been done, it is but 
little compared with what yet remains to be accom- 
plished, and the future will, we venture to hope, ex- 
hibit more rapid advancement in the promotion of such 
works than we have been able to show of the past. 


Dea Beerers: OF TT MT.S. “Hereuies.—The trunk 
engines for H.M.S. Hercules, 1200 horse power 
nominal, are now in course of constraction by Messrs. 
John Penn and Son. The cylinders will be of larger 
diameter than any previously made, and one of them 
has just been cast most successfully. The casting is 
131 in. in diameter inside, and will receive a cast-iron 
liner, 127 in. in diameter, inside, to form the bore of 
the cylinder, the space between the outer casting and 
the liner forming a steam jacket. The stroke will be 
4ft.6in. The crank shaft for the Hercules has been 
forged by the Mersey Steel and Iron Company, and is 
the largest that has as yet been turned out, the weight 
of the forging in the rough being 34 tons 16 ewt. 
The engines will have surface-condensers, and their 
ap design will be similar to that usually adopted 

y Mr. Penn for his trunk engines, the space, however, 
allowed for their accommodation is very limited, and 
this will necessitate some special arrangements. These 
engines furnish another instance of the ambiguity of 
the term nominal horse power, as with a considerably 
larger cylinder, and 6in. longer stroke, they are yet 
rated at 50 horse power less than the engines of the 
Warrior by the same maker. 
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PETROLEUM FUEL. 


In January last we gave an account in this journal* 
of some experiments on the use of petroleum fuel in 
steam boilers, which were being carried out at Wool- 
wich Dockyard by Mr. C. J. Richardson, and also 
gave a section of the form of grate employed. Since that 
time a number of further trials have taken place, and, 
various improvements having been in the 
arrangements employed, some still better results have 
been obtained. Amongst other modifications, Mr. 
Richardson has lately used steam in combination 
with petroleum vapour, the steam being introduced in 
the form of a jet beneath the porous wick or grate b 
the aid of which the petroleum is burnt, and allowe 
to pass up through it. In the course of its passage 
through the grate the steam comes in contact with the 
layer of carbonaceous material with which the grate 
is covered, and is discomposed into its constituent 
gases—oxygen and hydrogen. Probably a portion of 
the oxygen combines with part of the carbon and forms 
carbonic acid, whilst another portion unites with a 
lesser quantity of carbon, forming carbonic oxide ; this 
latter gas, together with the hydrogen, being consumed 
in company with the petroleum vapour when they meet 
with a sufficient supply of air. This application of 
steam enables the heavier oils to be burnt. 

We have been favoured by Mr. Richardson with 
the full details of some experiments conducted on the 
2nd of May and the 5th, 6th, and 7th of June last, on 
the use of steam thus combined with petroleum, -and 
from these we get the following particulars :—On the 
2nd of May the experiments consisted of a trial of 
English shale oil against American oil, the English oil 
used being Burslem “once run.” The trial lasted 
altogether 7 hours and 25 minutes after steam had been 
up one hour; and one grate only, exposing a wick sur- 
face of 2 square feet, was used. During the first four 
hours this grate was fed with the Burslem “once 
run” oil, then the American oil was used for 2 hours 
and 20 minutes, and finally the Burslem oil was supplied 
for the remaining 1 hour and 5 minutes, The steam-jet 
used was $in. bore. At starting, the temperature of 
the water in the boiler was 70°, and steam was got up 
to a pressure of 10 1b. by the consumption of 30 lb. 
of oil, The feed water supplied during the experi- 
ments was at a temperature of 60°. 

During the first four hours of the trial, when the 
Burslem oil was used, 15001b. of water were evapo- 
rated by the consumption of 102]b. of the oil, the 
evaporation thus being at the rate of 14.7 lb. of water 


per pound of oil. The quantity of water evaporated | P. 


amounted to 6 cubic feet per hour, or 3 cubic feet per 
hour per square foot of grate surface. The oil was 
consumed at the rate of 12.75 lb. per square foot of 
grate surface per hour. The American oil during the 
time of its trial—2 hours and 20 minutes—burnt at 
the rate of 15.42 lb. per square foot of grate surface 
per hour, the quantity consumed during the above 
time being 72 lb. The water evaporated amounted to 
1000 Ib., the rate of evaporation being thus, 6.86 
cubic feet per hour, or 3.43 cubic feet per square foot 
of grate surface per hour, whilst 13.88 lb. of water 
were evaporated by one pound of oil. ‘The second trial 
of the Burslem “once run” oil, which occupied the 
remaining 1 hour and 5 minutes, gave a better result 
than the first, 16.66 lb. of water being evaporated by 
one pound of the oil. The quantity of oil consumed in 
the fie and § minutes was 50 1b., and that of the 
water evaporated 500Jb.,-te'oil being thus burnt at 
the rate of 13.88 1b. per square foot of grate surface 
per hour, and the water being evaporated at the rate 
‘of 7.4 cubic feet per hour, or 3.7 cubic feet per square 
foot of grate surface per hour. 

Taking the average of the two trials of the Burslem 
“once run” oil, we find that one pound of it evaporated 
15.68 lb. of water, against 13.88 lb. evaporated by the 
American oil; whilst with the former the rate of 
evaporation averaged 3.35 cubic feet of water per 
square foot of grate surface per hour, against 3.43 
cubic feet with the latter. It thus seems that the 
Burslem oil was better adapted for being burnt in the 
form of apparatus employed by Mr. Richardson than 
the American oil. The quantity of smoke produced 
during the trial was very moderate, and probably would 
have been less if the supply of oil to the fire had been 
continuous instead of intermittent. One pound of soot 
was deposited during the whole trial, and at the end of 
the experiments the tubes were slightly foul. 

Tn the trials on the 5th, 6th, and 7th of June, two 
furnaces were employed, the total grate or wick 
surface being 4 square feet ; improvements had also 
been made in the form of the grate since the trials above 
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described. The boiler was not of sufficient capacity to 
accommodate the flame that would have been formed 
from the two furnaces if a steam-jet of the size used 
during the single furnace trials had been supplied to 
each of them, and each was therefore furnished with 
a } in. jet only. On the 5th of June the trials lasted 
10 hours 20 minutes after steam had been got up, and 
the Burslem crude oil was used. The temperature 
of the water in the boiler at starting was 170°, and that 
of the feed water 68°, whilst the quantity of oil used 
in raising steam to 10 Ib. cqeave tach as 04 te 
During the trial, 5500 lb. of water were evaporated by 
308 lb. of the oil, the evaporation thus being at the 
rate of 17.85 lb. of the former to 1 Ib. of the latter. 
The water was evaporated at the rate of 8.51 cubic 
feet per hour, or 2.12 cubic feet per square foot of 
grate surface per hour, whilst the oil was consumed at 
the rate of 7.45 lb. per square foot of grate surface per 
hour. A small quantity of soot was deposited behind 
the firedoor in this as well as in the other trials, the 
amount in this instance being $ 1b; very little smoke 
was produced. The oil was admitted to the grate 
continuously during the trial on the 5th as well as on 
the 6th and 7th of June, and this constant admission 
was, as might have been supposed, found to give 
better results than the intermittent supply which had 
been previously furnished. 

On June 6th the experiments were made with crude 
shale oil, the initial temperature of the water in the 
boiler being 140°, and 23 lb. of oil being used to raise 
steam to the pressure of 10 lb. per square inch. The 
as gen of the feed water was 64°, and during the 
trial, which lasted 9 hours 20 minutes, 5500 Ib. of 
water were evaporated by the consumption of 316 lb. 
of the shale oil. This gives 17.4 lb. of water evapo- 
rated by 1 lb. of oil, the rate of evaporation being 9.43 
cubic feet per hour, or 2.35 cubic Tet per square foot 
of grate surface per hour. The rate of consumption 
of the oil was 8.45 lb. per square foot of grate surface 
per hour, and the amount of soot deposited was, as in 
the trial the day before, $b. During both 


this trial 
and that on the day follo , there was considerable 
leakage at the end of the 


a slight smoke. 


The trial on the 7th of June was the most success- 
ful that has been made, the oil used on that occasion 
being Torbane mineral “once run.” The temperature 
of the water in the boiler was, at starting, 170°, and 
that of the feed water 70°; and 20 Ib. of oil were used 
in raising steam to 10]b. per square inch. The ex- 
eriments lasted 6 hours 10 minutes, during which 
time 208 lb. of oil were consumed and 3750 lb. of water 
evaporated, the evaporation being thus at the rate of 
18,02lb. per pound of oil—an extremely good 
result. The oil was burnt at the rate of 8.44]b. per 
square foot of grate surface per hour, and the water 
was evaporated at the rate of 9.72lb. per hour, or 
2.43 Ib. per hour per square foot of grate surface. The 
smoke produced was very moderate, and, as on the two 
previous days, $ lb. of soot was deposited. 

The 18.02 |b. of water which we have mentioned as 
being evaporated on the last a trial by the con- 
sumption of 1lb. of Torbane Hill “once run” oil 
were, of course, evaporated under a pressure of 10 lb. 
per square inch from the temperature of the feed 
water, or 70°. It will, however, be more convenient 
for the purposes of comparison if this result is reduced 
to the quantity which would have been evaporated 
under the pressure of the atmosphere from a tempera- 
ture of 212° by the same amount of heat. The total 
heat of steam of a pressure of 101b. above the atmosphere 
is about 1186.6°; and, as the feed water was, durin 
the trial above referred to, at the temperature of 70°, 
therefore 1186.6—70=1116.6° of heat had to be im- 
parted to the water to cause evaporation under the given 
conditions, This number of degrees of heat multiplied 
by 18.02, the number of pounds of water evaporated, 
gives 90,121.1 units of heat developed by the consump- 
tion of 1‘ lb. of oil. On the other hand, the total 
heat of steam of atmospheric pressure is 1177.7°, and 
if from this we subtract 212°, there remains 965.7° of 
heat to be mous in order to convert water at a 
temperature of 212° into steam of the pressure of the 
atmospRere. Dividing 20121.1 by 965.7 we thus have 
20.85 4§ the number of pounds of water which would 
have béen evaporated under the pressure of the atmo- 
sphere from a temperature of 212° by the consumption 
of 1 lbJtof oil. such a performance as this can be 
maintained during a long-continued trial, it will render 
petroleum as cheap a fuel as coal for vessels on foreign 
stations, where the latter fuel costs nearly or quite 
2/. 10s. per ton; whilst the saving in the room occu- 
pied for stowage may be put down altogether to its 
credit. In the case of an oil having the evaporative 





power above mentioned, this saving of space would 
amount to nearly 60 per cent., a very important item, 
particularly in war vessels. Mr, Richar son has been 
carrying on his experiments, at considerable personal 
expense, for upwards of twelve months, and his per- 
severance has at last ‘been rewarded by the attainment 
of results which entitled his whole system of using 

troleum fuel to a much more extended trial than it 
vas yet had. It seems probable that the matter will be 
taken up by the Admiralty, and that experiments will 
be made on a scale; if this is the case, we trust 
that the results obtained may be as satisfactory as those 
of which we have above given the particulars. 





SAMSON FOX BROTHERS’ SHAPING 
MACHINE. 


To tHe Epiror or Encineerine. 


Srr,—Allow me to correct a tation in last week’s 
ENGINEERING with regard to the small brass shaping machine, 
illustrated and described by you. Where it is stated that “it 
‘has been introduced by Samson Fox Brothers,” such is not the 
fact, as the machine illustrated, so far as brass-finishing is con- 
cerned, is an exact copy from a machine designed and introduced 
by Mr. McIntyre, the manager of the Boyne Engine Works, in 
this town, and used at the above works a considerable time before 
the firm of Fox Brothers was in existence. It was also made 
by the principal Leeds tool makers before Fox Brothers ever 
saw it. 

The application to it for turning nuts, bolt heads, &c., so far 
as cma the cutting oem, and the arrangement for 
removing the finished nut, is also a from a separate 
machine, designed and introduced by Mr. McIntyre, for turning 
and facing nuts, bolt heads, &c. is machine, like the brass- 
cutter, was also made by the principal tool-makers before its 
adoption by Fox Brothers. 

lieving that your valuable journal will only state what is 
correct, and that you will render “ honour to whom honour is 
due,” with this end in view, your insertion of this will oblige 

Leeds, 10th July, 1866, “ Honesty.” 

( The engravings which we gave last week simply represented 
a machine which is being manufactured by Messrs. Samson Fox 

and no claim was made for its invention by them. 

The machine is a very useful one, and we having been kindly 

furnished with tracings of it by Messrs, Samson Fox Brothers, 

it was u their name; and they, at least, are not 

with blame for the impression we were under that 

they had, as we said, “introduced” the machine. We very 

willingly give insertion to our correspondent’s letter as to the 
original invention of the machine.—Ep. E.] 





American Strxrinc-Cars.—The Chicago Tribune de- 
scribes tive new cars now building for roads, near there, at a 
cost of some 20,000 dols, per car. It says, “The wood of the 
interior is of black walnut so worked as to bring the beautiful 
grain of the wood out to the best advantage. Exquisite carving 
adorns every place where it can be tastefully placed. Some of 
the principal pieces show the designers and executors masters of 
their art. In the day-time, all portions of the furniture of the 
car, used for sleeping purposes, are carefully concealed from 
view by richly painted screens, which are carried to and kept in 
their places by a neatly arranged system of pulleys. The up- 
hols’ is of rich Brussels with curtains of heavy 
damask. The metal work is ail silver plated—the mirrors (one, 
surrounded with rich carvings, to each section) of heavy French 
glass. The windows are double, and so arranged as to assist 
the ventilation ; each sash has a newly invented fastening, working 
simply and effectively. Each car is heated by Westlake’s patent 
heaters and ventilators, with registers in section, The 
washing apparatus is beautiful and convenient. Each car has 
one state-room, accommodating four persons, so arranged as to 
be, at will page | separated by sliding doors from the re- 
mainder of the car. ‘The seats are commodious and luxurious ; 
each car is also provided with four sofas. The exterior is as 
splendidly finished as the interior, having received the best effort 
of gilder, landscape-painter, und varnisher. They are through- 
out most perfect specimens of car architecture. Each car is 
set upon two double eight-wheeled trucks, built upon principles 
peculiar to the Aurora shops, and so constructed that, when in 
motion, and even in turning curves, but the slightest jar is per- 
ceptible ; in fact, when in rapid motion, one can write easily and 
legibly upon the tables in the car. The ‘Omaha’ car, built at 
the Chicago and North-western shops in this city, differs some- 
what from the Aurora-built cars, the seats being all sofas, leaving, 
during the day, the central aisles wider, and the general ap- 
pearance of the car lighter and possibly more home-like, Extra 
seat room is provided by the introduction of camp chairs. The 
* Omaha’ is Farther provided with an organ, set in the centre of 
the car, so that the passengers may indulge in music and 
singing. The ‘Omaha’ cost 28,000 dols. One peculiarity of 
these cars consists of the application of the new trucks, invented 
by Mr. C. F. Allen, of Aurora. This arran, nt of trucks is 
so complete and artistic that —_ ~~ ty of the track is 
overcome with the slightest jar, at the highest speed there 
is no perceptible swaying.” 

Tue Locomotive L’A1cLE.—The curious French locomo- 
tive, L’Aigle, which was described some time pie this pune, 
and to which we alluded in our article on “ rkable Loco- 
motives ” last week, is now employed as a stationary engine for, 
driving some mach in a workshop in the vicinity of Paris 
the leading wheels front pair of coupled wheels having been 
remov 

New Enorngs ror THE GREAT EasTeRN Rauway.—Mr. 
Samuel W. Johnson, the new locomotive superintendent of the 
Great Eastern Railway, is now designing for that line some new 
engines with 16 in. cylinders, 24 in, stroke, and six coupled 
wheels 5 ft. 3 in, in diameter. These engines are to be built 
by the Worcester Engine Company in place of some four-wheel 
coupled engines ordered from those manufacturers some time ago. 
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MESSRS, JOHN PENN AND SON’S TWIN-SCREW ENGINES FOR SHIPS’ LAUNCHES. 


THE small marine engines, of which we now give illustrations, 
are of a class which have been designed by Messrs. John Penn 
and Son, and applied by them to several of the 42 ft. launches 
of H.M. vessels, About nineteen of them have either been fitted 
or are now in course of construction. They are arranged for 
working a pair of twin screws, and consist of two pairs of high- 
pressure engines, one fixed to each side of the firebox casing of 
a boiler of the locomotive class. The cylinders are 5in. in 
diameter, with a stroke of 6 in., and the connecting rods are 
coupled to cranks on shafts placed in a line with the screw shafts, 
and carried by bearings fixed, like the cylinders, to the sides of 
the firebox casing. e brackets supporting the crank shafts 
are each connected with the ogindas ty a wrought-iron pillar, 
as shown in the side elevation, these pillars relieving the fasten- 
ings connecting the cylinders and ad wes with the tirebox casing 
from the thrust and pull of the pistons. The piston rods are 
extended beyond the points at which the connecting rods are 
attached, the outer portions working in guides fixed to the firebox 
casing. 

7 ie slide valves are placed in a valve chest between the 
cylinders of each pair of engines, and are worked by link motion, 
each engine having separate reversing gear, as shown in the 
engravings. When working in full gear, the valves cut off at 
about five-eighths of the stroke, but by the link motion they 
can, of course, be worked at a higher degree of expansion if re- 
quired. The eccentric rods are of brass, and are each cast in 
one piece with half the strap. The screw shafts, piston rods, 
connecting rods, and slide rods sre all made of steel, and the 





it, so that it can be turned back, as shown in our illustration, is 
Qin. in diameter, and 8ft. 6in. high above the centre line of 
the boiler. The firebox casing is 2 ft. 6 in. long by 2 ft. 104 in. 
wide, and 4 ft. lin. high, and is surmounted by a dome 12 in. 
high and 144 in. in diameter. The front plate of the firebox 
casing is flanged back to join the side and top plates, and forward 
to join the barrel. This plate is thus subjected to very severe 
working, particularly for steel, and it is only the very best 
material that will stand the trial. Even with the greatest care 
in the choice of these plates, « great proportion are spoilt in the 
rocess of flanging, and have to be thrown on one side. The 
k plate of the firebox casing is flanged forward to join the 
side and top plates, and the dome plate is also flanged to join the 
boiler and cover, as shown in the engravings. ‘The boiler con- 
tains thirty-five brass tubes 2} in. in diameter outside and 3 ft. 
10 in. long; these thus giving an external heating surface of 
78.2 square feet. The inside firebox is stayed to the shell or 
casing by steel stays, and its back plate is dished, so as to meet 
the back plate of the casing around the firehole door. The plates 
of the inside firebox and casing are joined around the bottom by 
a flanged plate inserted between them. The firegrate is 2 ft. 
4 in. by 2 ft. The cylinders, brackets, &c., are bolted to strips 
of wrought iron rivetted on the sides of the firebox casing, these 
strips being planed true after they are fixed in their places. 
The boilers are tested to a pressure of 180 lb. per square inch, 
and are worked at from 60 to 801b. The engines are driven at 
from 300 to 350 revolutions per minute, and have in some cases 
been driven at over 370 revolutions; they give out from 34 to 
38i 





cylinders, covers, &c., are all made as light as possible. A 
donkey pump, arranged as shown ir. the side elevation, is provided 
for filling the boiler when the other engines are standing, and in 
addition each engine is provided with a feed pump driven by an 
eccentric on the crank shaft, and consequently worked at the 
same speed as theengines. The screws worked by these engines 
“= four-bladed, and are 2 ft. 6 in. in diameter, with a pitch of 
4 ft. 

The boiler is formed of steel throughout, and the plates are 
flanged where necessary, no angle-iron being employed for 
making up the corners. The thickness of the. plates is ,', in. 
The barrel is 2 ft. 4iin. in diameter by 3 ft. 6 in. long, and is 
formed of a single plate. The front tubeplate is flanged back and 
oon within the barrel, as shown in the figures. The smoke- 
ox is Yin. long, and the chimney, which is hinged to the top of 





dicated horse power. The launches to which these engines 
are fitted are 42 ft. long by about 11 ft. beam, and are of very 
bluff build. The speed obtained varies from 73 to 7h knots, 
The total weight of the engine, boiler, water, and machinery, 
including the engine beams and wood chocks, is only 3 tons 6 cwt., 
the indicated power thus amounting to over one horse power for 
each 2 cwt. of weight, an exceedingly good result for engines of 
this class. The whole design of the engines is ne peoee neat 
and simple, no unnecessary material being employed anywhere ; 
whilst the whole of the parts are thoroughly well —— 
we may add that, in many respects, they would afford some 
useful hints to those interested in the improvement of portable 
engines. Messrs. Penn and Son are now having built, at Messrs. 
Samuda’s, an iron launch for their own use. This boat will be 
45 ft. long by 9ft. beam, and will draw about 2ft. of water 
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forward and 4{t. aft. It will be fitted with machinery similar 
to that which we have just described, with the exception that 
the screws will be 3ft. in diameter instead of 2 ft. 6in., and 
that, as a slight additional weight is in this instance of minor im- 
portance, the boiler has been made of iron instead of steel. The 
engravings which we have here given of the launch engines have 
been prepared from a drawing specially prepared for us through 
the kindness of Messrs. John Penn and Son. 








IRON-ARCHED BRIDGES. 
To tHe Eprror oF ENGINEERING. 


Sir,—At page 306, vol. i., of your valuable journal, appears 
a paper, signed “ B. B.,” on “* Wrought-iron Arched Bridges and 
Viaducts,” in which paper are given various form for 
computing the strains induced by change of temperature, 
deflection, and rolling load in an arched rib. 

Your issue of June Ist contains an interesting account of Mr. 
Fowler’s arched bridge over the Severn, with elevations, sections, 
and details. 

Now, on comparing the sectional areas of the ribs of the Severn 
Bridge as obtained from the data given in your description with 
those derived from B. B.’s formule, a great difference will be 
found to exist between the results. Taking the dead load on 
the bridge at 240 tons, and the live load at 1} ton per foot run 
per line of rails, allowing a strain of 2 tons per square inch of 
sectional area, B. B.’s formule would appear to give for the 
area of the rib at the centre 202 square inches, whilst the area of 
each of the ribs of the Severn Bridge as constructed is only 154 
square inches, showing a deficiency of 48 square inches. 

As Mr. Fowler is hardly likely to err in so imporant a 
matter, you will, I ‘hope, sir, allow me to seek for enlightenment 
on the subject through the medium of your columns, and to 
remain, Your obedient Servant. 

July 9th, 1866. Cc. 








Dome Rrives.—Mr. William Adams, of the North London 
Railway, is now having the rings forming the lower part or base 
of the steam domes, for some of his new engines, made of cast 
steel, instead of gun metal as formerly. The material appears to 
be well adapted for the purpose. 
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REPORT ON RAILWAYS IN INDIA 
FOR 1865-66. 


THE annual report to the Secretary of State for 
India, on Railways in India, by the Government 
Director of Indian Railway Companies, has now been 

rinted, and we have been favoured with a copy of it. 
Ihis report is of increasing interest each year, as the 
system of railways sanctioned for India approaches 
nearer and nearer completion ; the paper also increases 
in volume every year, and each fresh report appears to 
have been drawn up with renewed care. That for the 
past year is very clear and concise, and furnishes an 
-amount of information not often contained within the 
limits of forty pages, and from it we have extracted 
the following particulars. 

During the year 1865-66 the peta of open line 
has increased from 2945 to 3332 miles (exclusive of 
the lines belonging to the Indian Branch Railway 
and the Indian Tramway Companies, amounting to 27 
and 19 miles in length respectively), by the addition of 
116 miles to the Great Indian Peninsula Railway, 40 
to the Madras, and 244 to the East Indian, and by the 
opening of the Punjab line between Lahore and Mool- 
tan, a distance of 208 miles. During the year the 
splendid iron girder bridge which spans the Jumna 
river, near Allahabad, has been opened, thus doing 
away with the gap that previously existed there on 
the Past Indian line, making the year memorable in 
the railway history of India as that in which an unin- 
terrupted traffic was first established between Calcutta 
and the left bank of the Jumna, at Delhi. This dis- 
tance of 1020 miles can now be traversed in thirty- 
seven hours. Ten years ago the same journey gene- 
rally occupied almost as many days, and, at express 
speed, seldom less than a fortnight. The bridge at 
Delhi is still incomplete, so that the railway does not 
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enter that city ; but the work is going on satisfactorily 
and it will probably be finished in the course of the 

resent year. The progress made on the Jubbulpoor 
Guach of the East Indian line is such as to warrant 
the expectation that it will be ready for traffic by the 
cold season of 1867. The communication between 
Calcutta and Bombay will not, probably, be completed 
for more than a year after that time, and the line be- 
tween Bombay and Madras will be finished at about 
the same date ; so that, by the beginning of the year 
1869, continuous railway communication between 
Madras, Bombay, Calcutta, and Delhi will be esta- 
blished. 

The following table shows the length of each line 
now -—- for traffic, and the extent remaining to be 
finished : 
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The length of line now sanctioned under the guaran- 





tee system is 45 miles more than that given in the 
former report. This addition consists of an extension 
of the Eastern Bengal Railway from near Kooshted, 
its present terminus, to Goalundo, a place situated at 
the confluence of the Ganges and Barampootra rivers, 
where the railway will receive the down traffic of these 
streams. 

From the foregoing statement it will be seen that, 
of the whole extent of railway authorised, above two- 
thirds have been opened for traffic. Of the 3332 miles 
which form this rageion, only about 250 miles are 
at present made with a double line. It has already 
been found necessary, however, in consequence of the 
unexpected ag paps of the traffic, to take measures 
for the doubling of a greater extent, and a still further 
increase of the double system is in contemplation. 

The chord line of the East Indian Railway from 
Burdwan to Luckeserai, has been let under contract 
to Messrs. Brassey, Wythes, and Perry, for construc- 
tion. Its length from Barrakur, to which place the 
railway is now open, is 123 miles, and it is to be made 
with a double line of rails at once. There is also a 
branch of 24 miles to the coal-fields, to be constructed 
with a single line. The contract price is about 8500/. 
per mile, exclusive of permanent way and rolling stock, 
which, with contingencies, will probably bring the cost 
to 14,000/. a mile, or about 2,000,000/. for the whole. 

The work which is thus going on, together with the 
supplies required for the maintenance and working of 
the open lines, still renders necessary a large annual 
consignment of goods from this country. The con- 
sumption of fuel has increased every year, and the 
quantity of coal sent from hence must continue to 
increase, unless the coal-fields of Central India, which 
are to be connected with the Great Indian Peninsular 
Railway, prove capable of furnishing the railways of 
Western India with good fuel at less expense than is 
incurred in usingcoal from England. The requisition for 
locomotives and rolling stock also continues to be very 
great, and the substitution to some extent of iron for 
wooden sleepers has added to the demand upon this 
country for materials. Compared with the previous 
year there has been an increase of 50 per cent, upon 
the amount of goods shipped, which, during 1865, was 
199,157 tons, of the value of 1,729,543/. e number 
of ships employed in conveying these materials to 
India was 442. 

On the 31st of December last the engines and rolling 
stock of all the Indian railways consisted of 733 
locomotives, 1600 passenger carriages, and 16,077 
trucks and wagons, making a total number of 17,677 
vehicles. This stock is inadequate for the present 


traffic, and a large addition will consequently be made 


as soon as practicable. Orders for new engines have 
been given to the ae extent: viz., by the East 
Indian Railway Company for 215, by the Great Indian 
Peninsula for 140, by the Delhi for 100, and by the 
Madras, Bombay, Baroda and Central India, Eastern 
Bengal, and others, for 38, making a total of 418 
engines, the delivery of which will, however, be spread 
over three or four years. 

The total expenditure of capital on the lines which 
are open, and in course of construction, amounted on 
the 1st May last to 60,645,000/., of which 22,000,0007. 
was expended in England and 38,645,000/. in India. 
The amount raised up to the same period was 
60,860,000/., of which 47,980,000/. is in share capital 
and 12,880,000/. in debentures. The expenditure 
during the past year was 5,384,431/., of which 
2,192,090/. was expended in England and 3,192,323/. 
in India. This is about 1,500,000/. more than was 
similarly expended during the previous year. Besides 
the expenditure by the companies from guaranteed 
capital, the charge against the State for land required 
for the railways durmg the past year was 173,000/., 
and it is expected that the land required for the new 
lines under construction will amount to about 860,000/. 
The sum which it is estimated will be required for the 
completion of the railways as at present sanctioned is 
upwards of 81,000,000/. ° 

The following are the principal items of expenditure 
and the amounts spent on them in the construction of 
Indian railways up to the present, viz. :—works and 
bridges, 19,377,5990. permanent way and stations, 
15,476,874/.; freight and insurance, 4,957,015/.; 
rolling stock and engines, 5,814,139/. ; establishments, 
5,814,139/. ; and miscellaneous, including electric tele- 
graphs, stores, &c., 4,152,483/. 

The gross receipts for the past year were 3,122,480/., 
as compared with 2,303,288/. in 1864; the working 
expenses were 1,565,437/. as against 1,322,656; the 
net profits for the two years, 1863-64 and 1864-65, 
were respectively 840,704/. and 1,341,550/.; the 
receipts from goods increased from 1,334,951/. to 
1,844,904/., and the number of passengers from 
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11,631,683 to about 12,500,000. The interest paid on 
varanteed capital during 1865 amounted to 2,796,676/. 
6s. 7d. 
With reference to the fature of the poate rail. 
ways, Mr. Juland Danvers anticipates that, if unity and 
uniformity be applied in their management, and if 
energy and zeal mark the conduct of those who are 
entrusted with their administration, they will soon 
cease to impose an annual burden upon the revenues 
of India. 





PORTABLE ENGINES. 

Tne object of discussion should always be the 
advancement of truth. The value of discussion, when 
maintained with this object, depends upon the know- 
ledge, care, and, to a great extent, 5 ~y the power of 
reasoning brought to bear upon it. In order to —— 
well the opposite sides of a question, each should be 

ed wiih eunalaten ; for self-contradiction, on 
either side, is likely roy A even the best cause, while 
it is certain to cover with defeat that which is un- 
sound. The subject of the possible improvement of 
rtable engines is one of a certain importance—less 
important than many questions which are constantly 
arising in connexion with engineering, but more im- 
portant than many others. It is of very considerable 
although not paramount importance to a large class of 
farmers, contractors, and others, who use portable 
engines, and is of perhaps even greater importance to 
the makers of suth engines, inasmuch as their busi- 
ness depends upon the preference shown by purchasers 
for what they may consider the best engine. And, 
apart from makers and users, the subject is one of 
much interest to a numerous class of engineers and 
amateurs, as one embodying questions of science and 
niceties of construction. 

We have taken the ground that a cheaper and better 
class of portable engines might be made, if properly de- 
signed for high-pressure steam, quick speed, and a high 
grade of expansion. We have proposed a single 6 in. 

linder, 9 in. stroke, 150 Ib. steam, 300 revolutions, and 
eightfold expansion for 15 indicated horse power. We 
did not take out the weight of such an engine, but we 
intimated, what was indeed sufficiently apparent, that 
it would be very light. A a at once pro- 
nounced these propositions utterly and absurdly fal- 
lacious, treating them as so ridiculous that only the 
most inexperienced and especially “ young” engineers 
could fail to perceive their “utter and absurd fallacy at 
“the first syht.” With 150 1b. of steam, we were 
told that the “explosions of portable engines would 
“be a matter of every-day occurrence.” As for the 
speed, it was represented that its wastefulness and ex- 
travagance might be determined by an eenen 
which was described as placing hooks in the blast pipe 
of an ordinary portable, and then firing hard with 
good coal, and driving at double speed for twelve 
months. As for the expansion and the powers of 
thereby requiring but one-half the usual quantity of 
steam for the given power, we were told that a “ port- 
“able engine boiler intended to evaporate steam 
*‘enongh for 15 indicated horse power, cannot possibly 
“be made much lighter than it is now made by first- 
“class firms without reducing the allowance of heatin 
“sarface and of water space per horse power.” And 
although the size of cylinder, 6 in., was given as a factor 
in this case, of the power which requires a 9in. cylinder 
in ordinary engines, we were told that a “ large” cylinder 
would be necessary with expansion. And although no 
definite estimate of the weight of the engine was made, 
it was clearly implied by what was said of the boiler, 
of the “large” cylinder, the additional weight of 
steam jackets, &c., that no sensible diminution of the 
weight of existing engines of the same indicated power 
could be effected without forcing and consequent waste 
of fuel and excessive wear and tear. 

An off-hand and a just mode of replying to such a 
line of argument, but one out of place in a discussion 
of this kind, would be to pronounce it “utter and 
absurd” nonsense, It is the business of a public 
writer, however, in dealing with disputed questions, to 
supply and arrange the facts, leaving others to form 
independent judgments of their own. Our reply, there- 
fore, in our journal of June 22nd, entered very fully 
into details, aud it is for others to judge of the case we 
made out. 

The counter reply since made to our comments 
quite contradicts the former observations from the 
same source, and in many places contradicts itself. 
Thus we are told, “ We are not about to dispute that, 
* in the abstract, a portable engine which would be at 
“ once very light and very economical of fuel would be 
“a = ood thing; and we also admit willingly 
* enoug that high speed and great pressure are con- 





** ducive to lightness, and that great measures of ex- 
“ pansion are conducive to economy.” This admits our 
whole case. And our own proposed engine, to work to 
15 indicated horse power, then has its weight carefully 
taken out for us as 26 ewt., viz., boiler 14 cwt. 1 qr., 
cylinder and fittings 2 ewt., shaft, fly-wheel, and saddle 
3 ewt. 2qr., and wheels and axles 6cwt. lqr. We 
are further told that, with an initial pressure of 100 Ib., 
and a ninefold expansion, the theoretical weight of 
steam required for 144 horse power per hour is but 
1644 lb., while with 60 Ib. steam, cut off at one-third, 
the theoretical quantity for 16.8 horse power per hour 
would be 2954 ih. and thus, although the initial pres- 
sure in the first case is much less than we recommend, 
and although in the latter the pressure and the rate of 
——— are both much beyond those maintained in 
ordinary portables, a large theoretical gain due to the 
higher pressure and expansion is shown, the hourly 
weight of steam used per horse power being 11.3 Ib. 
and 17.6 lb. respectiv fy. Both these quantities are 
wrong, however, in consequence of a series of blunders 
made by the author of the calculations, and we will 
come to these presently. And then we have the fol- 
lowing profession of faith: “It may be necessary to 
“guard our readers against the notion that we are 
a agg | high pressures, large measures of — 
“sion, and high speeds. ar from this, we have 
“always insisted, and do now insist, that in their 
“ proper place they are highly advantageous.” 

Now, after first declaring the “utter and absurd 
fallacy” of the whole design of our high-pressure, quick- 
speed, expansive, and light portable engine, the same 
authority now admits that 44 horse power may be 
had from such an engine weighing but 26 cwt., 
where ordi engines working to the same power 
weigh from 60 ewt to 70 cwt., and that each horse 
power would require, in theory at least, but 11.3 Ib. 
of water, as steam per hour, or, say, 14 Ib. of coal, where 
ordinary engines require from 35 lb. to 60 lb. of water, 
as steam, and from 6 Ib. to 12 lb. of coal! Here, 
then, is an authority standing on both sides of the 
fence at once. Even more than we required is now 
conceded, and — engine makers have a fresh 
confirmation of the opportunity for improvement. 
But although our whole case is thus proved for us, 
our contemporary can see no gain either from the 
saving in weight or the saving in coal. 1t observes, 
“ We naturally ask what is to be gained by such a 
“ wide departure from the existing rules of practice ? 
“On this point we can obtain no definite information 
“ from the proposer.” 

It first compares the engine of 144 indicated horse 
power, and of which “ it is not difficult to ascertain 
“‘ what it would weigh,” viz., 26 cwt., with a so-called 
“ordinary nominal 4 horse portable,” which is in- 
correctly set down as weighing 36 cwt. Now a 
4 horse power (nominal) engine can have nothing to 
do with the comparison, notwithstanding that its 
cylinder happens to be 6 in. or so in diameter. The 
true comparison is to be made between an improved 
and an ordinary portable engine, both working up to 
the same indicated horse power. A 4 horse (nominal) 
portable only works to 6 or 8 horse indicated; and even 
then it ee not 36 cwt., but 40 ewt. to 50 ewt, and 
one firm, Messrs. Young, Carrington and Co., make 
a 4 horse portable wei cing 60 cwt. The engine, of 
the ordinary construction, which would work to 144 
indicated horse power would be what is called an 
8 horse engine, and this weighs from 60 ewt. to 70 
ewt., and the firm just named make an 8 horse weigh- 
ing 90 ewt., although it would probably work to more 
than 14} horse indicated. But our contemporary 
complacently compares the 144 horse engine of 26 ewt. 
with the “4horse,” say 6 or 7 actual horse, re- 
presented to weigh 36 cwt., and sees no advantage of the 
former, inanenah as, like the Scotchman’s goose, it is 
“too much for one and not enough for two,” only we 
are here dealing with the engine as a load for the 
horses who have to draw it about. 

And as for the respective consumptions of water, as 
steam, and which, of course, represent the coal, there 
is some fine arithmetical floundering, ending in still 
finer blunders. Thus, it is easy to see that in calcu- 
lating the average pressure with expansion, the initial 
pressure, above the atmosphere, and not the total initial 
pressure, has been employed by the author of the cal- 
culation. ‘Thus, with 100 lb. initial pressure above the 
atmosphere, cut off at one-ninth, the mean pressure is 
given as 35.5lb. Now, this is exactly the product of 
100 
9 hyp. log. 941. The correct calculation would, 


mean pressure being 26.1 ]b. Again, the power of an 
8% mm. cylinder, with 60 lb. steam cut off at one-third, 
and making 240 single strokes of 1 ft. each per mintte, 
is given as 16.8 horses. The mean pressure is not 
stated, but it would necessarily be 421b. Now, this is 


_————, 
the product of 3 Xhyp. log. 3+1, whereas the true 


calculation would be as follows: 


ae 
af 1 ip. log. 3+ 1—14.7=37.6 Ib- 

Again, the quantity of water, as steam, is correctly 
calculated for a 6, in. cylinder, 9 in. stroke, cutting 
off steam, of an initial pressure above the atmosphere 
of 100 lb., at one-ninth stroke, and at 600 single strokes 
per minute. It is 625 cubic feet of steam per hour, 
weighing 164} 1b. But the arithmetician has stumbled 
in his calculation of the quantity of water, as steam, 
required for an 83 in. cylinder working, as above stated, 
with 601b. steam, cut off at one-third, and at 240 
single strokes of 1ft. each per minute. The area of 
the piston is 55 square inches, and hence 220 cubic 
inches of steam are taken on each stroke. This is 1833 
cubic feet of steam per hour, weighing 0.1752 lb. per 
foot, or 321]b., whereas the weight is erroneously 
given as 2954 1b. Mr. Fairbairn gives the weight per 
cubic foot as a little higher, or 0.1792 lb. for steam of 
a total pressure of 75 Ib. ; 

But the arithmetical blunders are as nothing to the 
summersault to which they lead up. The theoretical 
quantity of water, as steam, for the ninefold expansive 
engine is 164}1b. per hour, while that for the three- 
fold expansive engine, when correctly calculated, is 
321 lb. These quantities are sufficiently estive in 
themselves ; but after they have been calculated with 
so much trouble, they are peremptorily dismissed, and 
a totally new and arbitrary choice is made. First, we 
have the statement that a compound condensing engine 
in London, expanding eighteenfold, is using 23 1b. of 
water, as steam, per horse oy hour. And, second, 
Mr. Isherwood used 26 lb. to 28 Ib., in some engine or 
other, the working of which is not stated. Therefore, 
it is argued, our ninefold expansive engine must require 
23 lb. of water, as steam, per horse per hour, while the 
threefold expansive engine will require but 261b. Both 
these results, although we do not doubt their authen- 
ticity, as occurring in a certain practice, are not only 
inconsistent with what theory shows to be possible, but 
the first is greatly in excess of what has been actually 
accomplished in engines working even less expansively. 
On the 407th page of Rankine’s “ Prime Movers” are 
stated the results of the author’s experiments with 
Rowan’s engines on board the Thetis. These were 
compound condensing engines, expanding fifteenfold, 
the steam having a total initial pressure of 106}]b. 
Each pound of steam did 186,772 foot-pounds of work, 
corresponding to 10.61b. only of steam per horse 
power per hour. We will “put in” this against the 
London engine, which—compound, condensing,. and 
expanding eighteenfold—makes away with 231b. of 
steam. But we will compare our portable with the 
locomotive engine, and Mr. Clark, in tabulating Mr. 
Gooch’s experiments upon the Great Britain locomo- 
tive, found the consumption of steam, as water, as low 
in one case as 16 lb. per horse per hour; but this was 
only at high speeds, and with a high degree of expan- 
sion. For the present these experiments are more 
conclusive, and they rest upon even better authority 
than those brought forward ™ our contemporary, 

Our own comparison is made between the portable 
engine we have proposed and the common engine 
worked at 50lb. steam, and cutting off at from two- 
thirds to three-fourths stroke, say two-thirds. We will 
suppose the engines to work as follows : 





Ordinary Proposed 
engine. engine. 
Boiler pressure... 50 Ib. 150 lb. 
Initial ditto on piston 40 Ib. 130 Ib. 
Cut off at + - one-third one-eighth 
Cylinder diameter 9in. 6 in. 
Stroke ... oe « 12 in, 9in. 
Revolutions 120 300 
Weight ... s+ oe o 60cwt. 80 cwt, 
The comparative results would be : 
Ordinary Proposed 
engine. engine, 
Mean pressure on piston . 36.6 Ib. 41 It. 
—, yt mae 16.95 158 
folume of full-pressure 
perl howe 4240 cub. ft. 662.6 cub. ft. 
Weight of steam per cub. ft. 0.1814 Ib. 0.3290 lb. 
Wt. of steam used per hour 557 Ib. 218 Ib. 
Ditto per LH.P. ... oe 822 1b. 13.8 Ib. 
yee 7h. ey 4.7 Ib. nearly 21b. nearly. 


Here the theoretical quantities are irrespective of 





; be L147 | —_——. 
or course, ae X hyp. log. 9+1—14.7, the true 








any losses, except that, of course, of the steam below 
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the atmosphere. No steam is allowed for in ports or 
end clearance, and the expansion is calculated, for con- 
venience, upon the assumption that the density 
inversely as the space occupied. The correctigas 
applicable to these premises are slight, and would netrly 
equally affect the results for both engines. 

These quantities sufficiently indicate the margin of 
possible improvement in portable engines. The actual 
consumption of water and coal would, of course, be 
greater than that deduced from theory alone, and ex- 
perience, based on the working of twenty thousand 
portable engines already in use, shows well enough 
what the difficulties are in approaching the theoretical 
results. So far as we can make out from the objec- 
tions raised, they turn mainly upon the incapacity of 
the men employed in driving portable engines. We 
are told, in substance, that while they are equal to 
501b. steam and 120 revolutions, these men would 
quite break down at 150 Ib. steam and 300 revolutions. 
Yet there are hundreds of drivers, in England and 
Scotland, and in Turkey, Egypt, India, and Australia, 
who are now driving farm engines at from 100 lb. to 
1201b. steam, and at from 180 to 240 revolutions. 
We know, ourselves, of sawmill engines, at work in 
the American backwoods, driven regularly and suc- 
cessfully at 300 revolutions—the stroke being 2 ft., 
giving 1200 ft. of piston per minute—while we propose 
only 450ft. The officers of the Metropolitan Fire 
Brigade and the makers of steam fire-engine inform us 
that the repairs upon the boilers, cylinders, and steam 
gear of these engines—fire-engines—are very few and 
slight, the wear and tear being that chiefly upon the 
wheels, axles, and frames which bear the strain of 
street-travelling at high speed. We may add that 
several of the leading makers of portable engines are 
now engaged in the attempt to bring out something 
better than anything now in use, and among these we 
may refer to leading firms in Ipswich, Bedford, and 
Devizes, in addition to what Mr. Edward E. Allen is 
already doing with 150lb. steam and seven or eight 
foldexpansion. And without going beyond the reason- 
able limits of controversy of this kind, we may at least 
state, what is well known to be true, that the outery 
which has been raised against reform proceeds from a 
young and inexperienced advocate of “ things as they 
are”—one whose attainments may be fairly judged from 
his arithmetic—and we would recommend a penny 


subscription, from the portable-engine drivers of Eng- | P 


land, to present this youthful slanderer of their intelli- 
gence with a copy of Dr. Colenso’s valuable little book. 
As we said at the beginning, the object of discussion 
should be the advancement of truth, even if a few pre- 
tenders should by that means receive sundry hard 
knocks for their ignorance and presumption, while the 
value of discussion, conducted with this object, must 
depend, to a great extent, upon the knowledge, care, 
al the power of reasoning brought to bear upon it. 
And while self-contradiction, of which we have had 
such a conspicuous example, may jeopardise even a 
good cause, it is always fatal to one that is unsound. 








Tae Apmrratry.—The Secretary of the Admiralty, under 
Sir John Pakington, the First Lord, is Lord Henry Lennox. 

Fast Ocean Steaminc.—The City of Paris and the Scotia, 
Liverpool and New York steamships, have lately made the home- 
ward run to Queenstown, the first in 8 days 16 hours and 40 
minutes apparent time, the other in 8 days 7 hours and 10 
minutes. ‘The daily runs of the ships, after the first day of each 
trip, were as follows: 


Scotia. City of Paris. 

miles, miles. 
Second day ee we 350 302 
Third ,, .- ose oe we 845 334 
Fourth ,, ... ove ss wv» 326 322 
Fifth 4, «.. ae see we §=844 328 
Sixth ,, . 346 827 
Seventh ,, ... 348 324 
Eighth ,, 350 344 


RatLway PassENGER CoMMUNICATION IN TRAINS.—Mr. 
Walker’s system of electrical communication between passengers 
and guards has now been adopted on all the mail and tidal 
trains of the South-Eastern Railway. The apparatus is very 
simple in its nature and working. The passenger compartments 
have on each side, near the roof of the carriage, a circular box, 
in the centre of which is a knob, which, on being pulled, rings 
the bells in the guard's vans, and on the outside throws out a 
small glass disc set in an iron rim. The guards see at once the 
compartment from which the alarm signal has been sent, and at 
their discretion they may at once either stop the train by sig- 
nalling to the driver or proceed to the next station. Passengers 
cannot restore the knob to its former place after it has been 
pulled out, nor replace the indicator outside to its normal posi- 
tion. We do not know that any Act exists to meet the case, 
but the company state, in an intimation placed close to the 
apparatus, that the passengers will be “accountable for any 
false alarm.” The electrical communication is maintained by 
wires passing under the eaves of the carriages and between the 
carriages by spiral wires. The power employed is an electricay 
battery in the front and rear guards’ vans, of eighteen cells in 
each case. 





HEAVY FORGINGS. 

Tne most interesting and one of the most impor- 
tant problems in the Far of heavy masses of 
wrought iron is that of the manufacture of large naval 
guns. Steel appears to be quite unsuited to the re- 
quirements of large-bore ordnance, and cast iron, de- 
spite the American practice, is a material upon which 
no one in this country would, we think, like to venture. 
As for wrought iron it has a greater dynamic resistance 
than steel, that is, what it wants in tensile strength it 
makes up in extensibility. It may require a steel 
inner tube, but rather to prevent the percussive action 
of the powder gases upon the wrought iron than as a 
direct provision against bursting. 

There are three modes of working by which we may 
expect to make perfectly sound iron forgings of any 
weight. The first is the forming of the pile from bars 
or slabs which have been surfaced by machine-cutting, 
either planing, turning, boring, or drilling, as the form 
of the parts may require. This mode is followed by 
Mr. Ames in the manufacture of his guns, and it ob- 
viously affords a complete guarantee against flaws, &c., 
in the parts of which the pile is formed. The second 
point is to heat the pile wholly by gas, as in the re- 
generative furnace. In this furnace the iron may be 
almost melted, but never burnt, as it is exposed only 
to heat, and not to an oxydising flame as in a common 
heating furnace. With clean surfaces to begin with, 
and a bath of intensely hot but non-corrosive gas, the 
iron may be made as plastic as the softest wax, and its 
perfect welding may be insured. This is attended with 
no loss nor injury by burning, and for large masses and 

uantities of iron there can now no longer be any 
doubt that the gas furnace affords also the cheapest as 
well as the best mode of heating. The third point in 
forming large forgings is to subject them to sudden 
and powerful hydraulic pressure, as may now be done 
by the various hydraulic forging presses, one of which, 
as now fitting at Messrs. Platt Brothers, at Oldham, 
we not long since illustrated. 

Experience has shown that the forcible pressing 
together of clean surfaces of wrought iron at a white 
heat insures perfect welding, and is, in fact, the next 
thing to founding in wrought iron. Wrought iron, 
when sufficiently carburised to be fusible, is commonly 
called “ homogeneous metal,” and in this form it ap- 
ears to be wanting, too, in dynamic strength, although 
it is believed to be stronger in this respect than cast 
steel. Great pressure is of very great value in the 
case of steel ingots. Mr. Ramsbottom has greatly 


improved the quality of Bessemer ingots by squeezing 
them in his enormous “ cogging medion” which we 
illustrated a few months ago (vol. i, p, 6%). Mr. 
Whitworth is, we believe, about to employ great 
ressure in the manufacture of cannon; and Messrs. 
Firth and Sons, of Sheffield, are also about pressing 
cast-steel shot. The advantages might not prove 
wholly of the same kind in the case of pressing 
wrought irdii while hot, but it would secure perfect 
welding whete, by the means pointed out, care had 
been taken to prevent the formation of scale, ny 


Tue Mississtpri1.—The repair of the broken levées on the 
Mississippi is a matter of great moment to the planters, and the 
Government some time since ordered a military survey of them 
tobe made. General Humphreys, who made this survey, re- 
ports that, in order to make complete and permanent repairs of 
all the levées on the river, 1,200,000 dols. will be required for 
the Arkansas bank, 1,500,000 dols. for Mississippi, and 
1,200,000 dols. for Louisiana—a total of 3,900,000 dols. These 
levées are huge dykes of earth along the river bank that keep 
the water from overflowing the neighbouring bottom lands. 
During the war they were very much injured, and now frequent 
crevasses or breaks have permitted the water to overflow millions 
of acres in the three States named. These levées originally cost 
some 20,000,000 dols. The alluvial lands along the Mississippi 
new overflowed the General estimates at 23,700 square miles, of 
which 12,300 are sugar lands and 10,000 cotton lands. re- 
claiming and cultivation of these lands, amounting in the - 
gate to at least 20,000,000 acres, would completely revolutionise 
the cotton and sugar crops. 

TruMAN’s BrEwery.—The Prince of Wales visited this 
great establishment this week. It now mashes 174,674 quarters 
of malt annually (1865), and consumes 900 tons of ho Over 
half a million barrels of beer are made yearly ; 250,000 gallons 
of water are pumped up daily, for the various operations of the 
works. The brewery keeps nine steam engines and two gas en- 
gines at work, and consumes about 9000 tons of coal annually, 
besides the spent hops, which are mixed with slack coal. The 
refuse of the hops is utilised by being mixed with coal dust, the 
combination making excellent fuel, which is thrown into the fur- 
naces as required by self-acting cylindrical fire-feeders, Not- 
withstanding the large number of furnaces in the brewery and 
the immense quantity of coal and waste hops used in them, the 
smoke is all consumed. 

Foop.—The cost or the price of the average of the usual 
articles of food has increased in Lancashire by upwards of 21 
per cent. within three years. This increase has no doubt 
general throughout the country, and accounts in some measure 
for the frequency of workmen’s strikes. 











BRIDGE OVER THE NIAGARA RIVER. 


Tue International Bridge at Buffalo, of which we are enabled, 
through the kindness of Mr. James McHenry, to give a per- 
spective view, with details of the piers, on the following page, is 
to be constructed to unite the railways of the United States with. 
those of Canada; the lines which will be immediately connected 
by it being the Great Western and Grand Trunk of Canada, and 
the Atlantic and Great Western Railway. The site of the 
bridge is at a point where the Niagara river is divided into two 
streams by an island; and the bridge will thus consist of two 
portions, the one named the Blackrock Harbour — and the 
other and principal bridge, which is shown in our illustration, 
extending from the island to the Canadian side of the river. 
The Blac Harbour Bridge will consist of one span of 112 ft., 
another of 82 ft. 8in., and a swing bridge 205 ft. 4 in. long 


giving two openings of 82 ft. 4in. each. The main ~ will 
ave six spans of 250 ft. each, together with a swing bridge 
250 ft. long, 


iving two openings of 105 ft. each; the total length 
will be 1800 ft. 7 gant ' al 

The great quantity of ice which down the Nia; 
river during the winter has rendered it necessary that the piers 
should be constructed of great weight and stability, Mr. 
Thomas W. Kennard, the engineer to the Atlantic and Great 
Western ee by whom the International Bridge has 
been designed, stated in a recent report that the ice is 
sometimes 4 ft, in thickness, and that he has seen fields of ice 
half a mile long by a quarter of a mile wide, and which must 
have weighed at least 500,000 tons. Under these circumstances, 
it was necessary that stone should be used for the piers, and it 
has been decided by Mr. Kennard to construct them as shown 
in our illustration, From this it will be seen that the lower 
parts of them are to be com partly of broken stone in 
timber “cribs,” and partly of ashlar masonry placed within 
wrought-iron cylinders, the upper parts of the piers above the 
water-line being also com of ashlar masonry, The quan- 
tities of the materials in a sing!e pier will be approximately as 
follows: Coursed ashlar masonry above water-line, 765 tons; 
coursed ashlar masonry in cylinders, 1190 tons; four wrought 
iron cylinders, 65 tons; broken stone in cribs, 2852 tons; 
timber in cribs and cutwater, 535 tons; making a total of 
5817 tons. As will be seen from the engravings, the cut- 
water — of the pier will consist entirely of timber 
cribs, filled with broken stone and cased with planking, the 
angles being protected by wrought iron covering plates. Tim- 
ber cribs containing stone have been found in American practice 
to form excellent ments for piers; but, in order to increase 
the security of the structure, Mr. Kennard has, in the case of 
the International Bridge, combined them with wrought-iron 
cylinders, in the manner shown in the illustrations. e esti- 
mated cost of each pier is about 8000J., a sum ve ee 
less than would have been required if the piers had been built 
throughout of masonry, whilst a much less time also will be 
required to carry out the work. The height of the bridge above 
the water-level will be about 22 ft. 6 in., and the greatest depth 
of water in the line of the bridge is about 40 ft., a depth met 
with near the swing spans of the main portion of the bridge. 
The water-level does not vary more than 4 ft., and not more than 
1 ft. when the ive is running. 

The superstructure will consist of wrought-iron trussed 
girders, those for the 250 ft. spans being 23 ft. 6in. deep. The 
width of the bridge between the girders will be 82 ft., this width 
being divided by a partition 10 ft. high into two equal portions, 
the one for the accommodation of a single line of rails, and the 
other for a —-. road, The carriage road is to be carried by 
the side of the railway, instead of on the top of the girders as 
has been frequently done in the case of combined railway and 
road bridges, on account of there being two separate water cross- 
ings distant from each other 1457 ft. If the roadway had been 

on the top of the main bridge, it would have been neces- 
sary either to construct another bridge for carriage traffic over 
the canal (and this would not have been allowed by the commis- 
sioners), or to carry the traffic over the intervening land on a 
colonnade, a proceeding which would have incurred a large out- 
lay. It is anticipated by Mr. Kennard that the bridge will not 
be used for cage tras and he has therefore arranged his 
desigus for the bridge so that a double line of railway can be laid 
down upon it, if necessary, at but a slight extra expense. The 
top and bottom members of the girders will be of trough section, 
the struts being formed of plates and angle-irons formed into 
an I section, and the ties being made of channel iron. The 
swing bridges will be carried upon a form of turntable which has 
been used by Mr. Kennard in a number of other bridges designed 
by him. Some improvements have, however, been introduced. 
We gave at ge 157 of the last volume of this journal many of 
the rincipal dl mensions of the superstructure of the International 
Bridge; and as we intend at an early date to publish illustra- 
tions of the details, we shall postpone further particulars for the 
present. 








Great EastERN RatLway.—Notwithstanding the adverse 
influence of the rinderpest, the revenue of this company in- 
creased in the six months ending June 30th to the extent of 
13,9592. The company had, however, some additional mileage 
at work all through the half year. The directors have concluded 
an arrangement with Messrs. Lucas Brothers, by which exten- 
sive pom depéts, near Whitechapel, will be completed by the 
middle of October, The March and Spalding line of the Great 
Northern will be in operation by that time, and it is expected 
that a considerable additional coal traffic will pass over the Great 
Eastern and Great Northern systems. Improved traffic ar- 
rangements have also been concluded with the Midland. 

TeLecrapHic ConsoLipation. — The American and 
Western Union Telegraph Companies are about concluding an 

t of union which amounts to a consolidation of in- 
terests. The new consolidation will control and operate over 
104,000 miles of telegraph wire, covering all the territory and 
connecting all points of importance from Newfoundland to San 
Francisco and Vancouver's Island. From the latter point a line 
of 14,000 miles, to St. Petersburg, will be executed within a 

ear, a considerable distance being already made, and the cable 
lor the sea portion being on its way out. 
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THE INTERNATIONAL BRIDGE; ATLANTIC AND GREAT WESTERN RAILWAY. 
(For Description, see preceding Page.) 
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HEAVY ORDNANCE. 


NavaL supremacy is to be determined by the power 
of naval guns. We hardly know what is the utmost 
power either of our own guns or of those of other 
nations. We have a pattern which we have been in 
the habit of rating as a 600 pounder, a gun of 15.3 in. 
bore. But we have “+ — .. ey A — 

s of a strength to bear heavy charges. other 
any tee this «4 at Shoeb «Mang a after firing, 
we believe, only six rounds. In the meantime the 
Americans are making larger and larger guns. The 
15 in. s of the Miantonomoh will soon be rated 
among their small bores. They have already a number 
of 20in. cast-iron guns, throwing 1080 1b. shot, and 
Captain Ericsson is about to attempt the fabrication 
of a wrought-iron gun of the same calibre. More than 
this, an appropriation has been obtained, and prepara- 
tions are making, for the production of cast-iron 
of 25 in. bore, to throw shot of nearly one ton weight, 
the guns to weigh each probably not far from 80 tons! 
With. us English engineers it is a wonder how the 
Americans succeed in making such guns to bear heavy 
charges, when we cannot make guns of one-half the 
bore to stand one-third the powder and weight of pro- 
jectile. When we say we cannot, we do not set a 
imit to future achievement. Mr. Fraser, of the Royal 
Gun Factories, has for some time proposed to make 
15 in. wrought-iron guns of a weight, each, of 67 tons, 
and light (!) shell guns of 20in. bore, to weigh 50 
tons. Thus far, however, we have only succeeded 
with our 9 in. rifles. These have stood 400 rounds of 
45 lb. charges and 2501b. shot, but this is probably 
nearly the utmost they will bear. In other words, we 
have no reason to believe that we have a single gun in 
the service which could send its shot through either the 
turrets or the overhanging side-armour of the moni- 
tors, while we are constantly told by those who pro- 
fess to know that one of the heavy American shot 
would smash in at one side of our most heavily plated 
ironclads and go out at the other. We have the 
theories of the resistance of armour, including Pro- 
fessor Rankine’s last, quite at our fingers’ ends, but 
we are, after all, hardly willing to accept these theories 
as proving that even a cast-iron 4601b. shot, fired 
with 60lb. of powder, would not go clear through 
anything we are so far able to set up against it. We 
may be told that cast-iron shot, by their liability to 
break up on striking, produce but little more than 
half as much destructive effect as steel shot of the 
same form, weight, and velocity; but the Americans 
tell us that the former have ae fired with results 
beyond anything that could have been predicted from 
theory. It is now, while we have a monitor in Eng- 
lish waters, that the question might be set at rest. 
We recommended three weeks ago that the 15 in. 
cast-iron gun be fired at the after turret of the Royal 
Sovereign. Nothing but the obstructions of etiquette 
can possibly stand in the way, and even these we do 
not pretend to be able to comprehend. If there is 
anything in the professions of the American ordnance 
engineers, adopted and repeated as they are by man 
here who should be well informed, a single shot, wit 
a full service charge, might settle the question of a 
fresh reconstruction of the navy, which is already 
shadowed in the future. lLuckless for us, as for 
Austria in her present struggle, if we ever go forth to 
battle ignorant of the destructive powers of the 
enemy’s weapons. 

No nation, however, can have a monopoly of the 
weights or dimensions of ordnance, let them be ever so 





great or large. Indeed, we ought to be far better 
able to produce.large and strong guns than any other 
power. And we have every reason to believe that we 
can make larger and better ordnance in wrought iron 
than any other nation can procure in cast iron or steel. 
As for steel, we have heard so much, though private but 
trustworthy sources, of Krupp’s guns in Russia, that 
we can hardly hesitate in pronouncing it a complete 
failure for guns of considerable bore. The largest 
cast-steel in Russia are of but 9 in. bore, and 
they have burst repeatedly after a few rounds, and are 
not considered as even equal to cast-iron. The failure, 
indeed, of our own large. bores is now ascribed to the 
use of too hard irons. Until lately all the guns made 
at Woolwich had the “breech piece,” or principal 
forging, made of Yorkshire iron, from one of the best 
forges in Leeds. This iron bears a good tensile strain, 
but does not stretch far before fracture. In other 
words, its dynamic resistance is not great. A simple 
experiment, now made upon all irons used at Wool- 
wich, proves how far they havea steely nature. Heated 
and quenched in cold water, some irons show a very 
large increase of strength to a static breaking strain, 
and it is those which show the least increase of strength 
that are now preferred for large guns. The soft tough 
irons do not er by heating and sudden cooling, 
and these, although they may not have a high breaking 
strain, have the greater dynamic value, the product of 
half their breaking strain into their elongation being 
greater, and often very much greater, than that of 
irons which by the ordimary test of tensile strength 
would be considered much stronger. It ma 
thought a very retrograde step, but the coils of the 
Woolwich guns (and the coils Save been much simpli- 
fied) are now made of Staffordshire iron, not Marshall’s, 
which bears so high a character, but much commoner 
brands. 

The great point to be attained, if possible, in large 
guns is to keep down the strain upon the chamber 
while firing heavy charges and shot. If we burn slow 

owder, the result is unsatisfactory, as we obtain only 
ow velocities of the shot. Possibly a suggestion we 
threw out last week, that of making a conical chamber 
with the vent at the smallest diameter, so as to burn 
an increasing quantity of powder as the flame spreads 
to the base of the shot, would lessen the initial strain 
on the gun. At present the lightest practicable solid 
shot we can make for a given bore must be spherical, 
and while the weight of round shot is as the cube of 
their diameter, the area for the action of the powder is 
as the square only, so that the initial pressure to start off 
a 20-inch shot at a given velocity must be twice as 
great per square inch as for a 10-inch shot. It is here 
that we have the great difficulty in increasing the size 
of our guns. If we double the bore, we have not 
merely twice the diameter, upon which the pressure, 
tending to burst the gun, is exerted, but we have 
twice the pressure 7 square inch. And we cannot 
resist this increased pressure by merely doubling or 
even quadrupling the thickness of the walls of the gun. 
For the strain must fall, in the first instance, upon the 
inner layer of metal around the chamber, antl here we 
must expect cracking to commence before the metal, 
a few inches further out, comes under strain at all. 

We have not, as the Americans have done, made 
our large guns for round shot only, thereby obtaining 
the greatest |base for the action of the powder gases 
_— a shot of given weight. We have sought to fire 
elongated and rifled shot from guns which will probably 
be used only at short range, where round shot are as 
good as the best rifled projectile ever made, excepting, 
of course, that the former must cut out a larger ae of 
plate, in order to effect penetration, in proportion to 
their weight. Our so-called 600-pounders, heretofore 
made with 13.3in. bores, are henceforth to-be made 
with but 12 in. bores, in order that they may fire a shot 
of greater proportionate length. We think there can 
be no dispute that the failure of nearly all our large 
calibre guns is due to the attempt to ‘fire elongated 
shot from them, and that we should now seek, by the 
use of round shot, to restore something like the pro- 
portion of strain to the square inch of the base of the 
shot that maintains in our 68-pounders. 

Indeed, should we not, as Stafford has done in the 
States, employ guns of much larger bore than the 
diameter of the shot to be fired? Thus, ‘if a shot of 
20 in. or 30 in. diameter be adopted, let a disc or sabot 
be placed behind it to receive the pressure of the 

owder gases upon a base, perhaps, 10in. or a foot 
arger than the shot itself. We might thus have low- 
pressure guns of even 4ft. bore, firing 2 ft. or 3 ft. 
shot at the full initial velocity, and yet with a very 
moderate pressure within the p vat or The shot 
would require a packing of wood around it to keep it 


be | Falls. 





in the line of the bore, and there would, of course, be 
a loss of effect in the useless impulse given to this 
packing and to the sabot. The idea has been occa- 
sionally advanced, and we believe it embodies the onl 
sound mechanical principle, whereby we may make an 
successfully work guns of the very large bore which 
foreign armaments will force upon us. 








THE ATLANTIC AND GREAT WESTERN 
RAILWAY. 


WE give upon the opposite page a view of the lar 
wrought-iron bridge about to be erected across the 
Niagara River, near Buffalo, to connect the Atlantic 
and Great Western with the Canadian system of rail- 
ways. This line affords a striking instance of the 
resources of American traffic, developed as they have 
been in this case by English capital and English 
energy. It was only commenced very recently, yet, in 
1865, it carried one million passengers and one million 
tons of goods, and, with BOF miles open, is now earn- 
ing from 90,000/. to 100,000/. per month, less the ex- 
change upon the American currency. It commands 
the whole of the immense and profitable petroleum 
traffic of the famous Oil Creek region, and also inter- 
sects vast districts of rich farming and mineral lands. 
The new bridge, designed by the chief engineer of 
the line, Mr. Kennard, whose head quarters are in 
New York during the progress of his works, will bring 
upon the line a large international traffic which could 
only now reach it by a long detour vid Niagara 
We described the details of the new bridge, 
as far as then settled, some weeks ago, and upon 
another page of our present number we give further 
particulars of the work, and especially of the iers and 
ice-breakers. ‘The latter are of great strength, larger 
even than those of the Victoria Bridge at Montreal. 
The ironwork, as we have elsewhere stated, will be 
sent out from this country, the present cost of iron 
and labour in the States rendering it out of the ques- 
tion to let the work there. 








EXPERIMENTS ON SWEDISH IRON. 


Some. interesting experiments have been recentl 
tried by Mr. David Kirkaldy on the resistance offere 
to various descriptions of strain by a number of 
samples of Swedish iron manufactured by Messrs. 
Gammelbo and Co., of Nericia. The experiments 
were divided into four series, the first. series of trials 
being made on 2 in. square bars, the second on 1 in. 
square bars, the third on round bars, and the fourth 
on flat bars of various sizes. In the first series of ex- 
periments the bars were subjected to transverse, 
tensile, shearing, crushing, buckling, and torsional 
strains, and the following are some of the results 
obtained: — For testing the transverse strength 
the bars were placed upon supports, 25 in. apart, 
and central loads applied to them. The bars were 
nominally 2 in. square, but their actual dimensions 
varied from 1.95 in. by 2.02 in. .to 2.02 in. by 
2.04 in., the constants obtained by multiplying the 
sectional area by the depth varying in the Ler bars 
tested from 7.957 to 8.406. The ultimate loads applied 
varied from 13,965 to 15,888 lb., the mean ulti- 
mate deflection being 5.35 in. The constants obtained 


by the formula Ultimate stress varied from 1667 to 
area X depth 


1908, the mean being 1775, and in no case were the 
bars cracked by the loads applied. The first permanent 
set registered took place in each case under a load of 
5000 ib. For testing the tensile strain the 2 in. square 
bars were turned down to 1} in. diameter, the length 
for elongation being 15in., or 10 diameters. The 
bars broke under a mean strain of 42,133 lb. 
per square inch of their original area, the 
mean difference between the original and’ the 
fractured areas being 73.9 per cent., and the 
mean ultimate tensile strain per square inch of the 
latter being 163,9941b. The mean total elongation of 
the various samples was 24.6 per cent., so that the 
dynamic resistance offered by the bars was very high. 

nder shearing stress the samples, which, like those 
subjected to tensile strain, had been turned down to 
1} in. diameter, offered a mean ultimate resistance of 
34,008 Ib. per square inch of sectional area. The ex- 
periments on the resistance to crushing and buckling 
strains were also made upon bars which had been 
turned down to 14 in. diameter, the lengths being one, 
two, and ten diameters. ‘The samples, one diameter 
long, stood a mean ultimate crushing strain of 
148,840 lb., the mean compression being 45.4 per cent. 
of the length, and the ee ‘being in one instance 
left uncracked, and in the three others cracked slightly. 
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The bars, two diameters, and ten diameters long, bore 
mean ultimate strains of 84,890]b. and 28,085 |b. re- 
spectively; the mean ultimate depression being in the 
one case 33.1, and in the other 3.69 per cent. of the 
ae The bars, ten diameters long, failed by the 
buckling. The torsional strains were applied to bars 
turned down to 1}in. diameter, by means of a lever 
12 in. long, the length of the bars being 7 diameters. 
Under these circumstances the mean ultimate torsional 
strain applied to the end of the 12 in. lever was 
1515 lb. per square inch of sectional area of the 
bars, at the mean torsional deflexion was 4.693 
turns. Our space will not permit us to enter into the 
details of the other experiments, but we may notice 
that the ] in. square bars offered a higher resistance to a 
erushing and eae resistance to a tensile strain than 
the 2in. square bars, whilst the resistance to a trans- 
verse strain was about the same. ‘The flat bars also 
offered somewhat less resistance to tensile strain than 
the 2 in. square bars, whilst in the case of the round 
bars the resistance was in some cases greater and in 
others less. We may add that pened of all the 
fractured bars, with details of the experiments, have 
been sent to the Exhibition at Stockholm. 


FRENCH LOCOMOTIVES IN ENGLAND. 

Messrs, Scunerper anv Co., the well-known en- 
gineers of Creusdt, have just delivered to the Great 
Eastern Railway Company three locomotives, in part 
fulfilment of an order which they received from that 
company some time ago. These engines are the first 
which have been supplied to any English line by a Con- 
tinental manufacturer, and they will therefore, we have 
no doubt, attract a good deal of attention and criticism. 
The workmanship is, we understand, very good. As 
far as the railway company is concerned, they will have 
ample opportunity of testing these engines against 
those of the principal English makers, as they have 
already running cooeunal engines, some of precisely 
the same construction as those just delivered by 
Messrs. Schneider, and others differing very slightly 
from them. The engines which we have mentioned 
as being at work were made by Messrs. Neilson and 
Co., Stephenson and Co., Hawthorn and Co., Kitson 
and Co., and the Vulcan Foundry Company. They are 
outside cylinder engines designed by Mr. Sinclair when 
he was the engineer and locomotive superintendent of 
the line, and are intended for working either passenger 
or — traffic. 

The principal dimensions of the engines just delivered 
are as follows :—They are six-wheeled engines, two 
pairs of the wheels being 6 ft. 1}in. in diameter and 
coupled, and the other or leading pair 3 ft. 74 in. 
in diameter. The coupled wheels are 9 ft. apart, and 
driving and leading 6 ft. 2in, apart from centre to 
centre, making the total wheel-base 15 ft.2in. The 
driving wheels are 3 ft. 6} in. in front of the firebox 
casing. All the tyres and axles are of Krupp’s steel, 
the tyres being 54 in. wide by 24 in. thick at the tread, 
and the axles being all 64 in. in diameter between the 
hearings and 7 in. in diameter at the wheel seats. 
The bearings are all alike ; they are 7 in. long, 6} in. in 
diameter in the middle and 7}in. at the ends, the 
outline being an are of a circle, a form very generally 
adopted by Mr. Sinclair. The transverse distance be- 
tween the centres of the bearings is 3 ft. 10}in. The 
axle-boxes are of gun metal, with keeps of the same 
material, and they work in guides of cast steel, those 
of the coupled wheels being furnished with adjusting 
wedges also of steel. 

The cylinders are 17 in. in diameter, with a stroke 
of 24in., and are fixed horizontally at a distance apart 
transversely of 6 ft. 3 in. from centre to centre. The 
distance of the centre of the exhaust port from the 
centre of the driving axle is 9 ft. 33 in. The ports are 
12 in. long, the po Ios ports being 3in., the steam 
ports 1}in., and the bars 1 in. wide. The slide-valves 
are of gun metal, having 1} in. lap, and 5} in. travel in 
full gear. The valve-spindles are of Krupp’s steel, and 
the eccentric rods are forged solid with the straps, 
gun-metal liners being interposed between the latter 
and the sheaves, which are formed yartly of cast and 
partly of wrought iron. The link motion is of the 
“stationary link” kind. The cylinders are firmly 
secured to the frames by bolts above and below the 
steam chests, the latter being placed through openings 
formed in the frame to receive them. The pistons are 
of gun metal, the packing of each consisting of two 
cast-iron split rings, 1} in. broad by } in. thick, within 
which is placed a single ring 24 in. broad by 7 in. thick 
at the thickest and 3 in. thick at the thinnest side, 
where it is cut through. A single spring is placed at 
the bottom of each piston for setting the rod, &c., u 
to the centre. The piston-rods are of Krupp’s steel, 





and are 2 in. diameter; they are screwed into the 
»istons (that part of each on which the screw is formed 
being po nae and are tapered in the crossheads, and 
secured by nuts at the ends. The crossheads are of 
wrought iron, with cast-iron guide blocks working on 
guide bars of Krupp’s steel. All the glands and 
stuffing-box packing rings are of gun metal. 

The connecting and coupling rods are of wrought 
iron, each being forged solid throughout, without a 
weld. The connecting-rods are 6 ft. long from centre 
to centre, and are of round section, 23 in. diameter at 
the centre and 22in. at the ends; the large ends are 
solid, whilst the small ends, which are forked, are 
furnished with straps. ‘The two small end bearings of 
each rod are 2 in. long by 2} in. in diameter, whilst the 
large end bearing is 3}in. long by 3} in. in diameter. 
The connecting-rods are coupled to the driving crank- 
jins outside the coupling-rods, and the latter therefore 
iave a larger bearing on the driving than they have on 
the trailing crank-pins. The former bearings are 24 in. 
long by 33in. in diameter, and the latter 3$in. long 
by 3} in. in diameter. The coupling-rods are 34 in. 
deep by liin. thick at the centre, and 3 in. deep by 
1} in. thick at theends. All the bearings of both the 
connecting and coupling rods are of gun metal, and all 
the crank-pins are of Krupp’s steel. 

The barrel of the boiler is 11 ft. 53 in. long between 
the front of the firebox casing and the back of the 
smokebox tube-plate, and is 4 ft. in diameter outside. 
It is made of ysin. plates, butt-jointed and single- 
rivetted, with rivets, Zin. in diameter, set at 2 in. 
pitch, The joint strips are 5in. wide by 7, in. thick, 
and are all applied externally, the ends of the longi- 
tudinal strips being thinned down and placed under 
the transverse strips, and the latter being welded into 
rings and shrunk on their places. The smokebox 
tube-plate is 3 in. thick, and is united to the barrel by 
aring of 3}in., by 3$in., by yin. angle iron. The 
top of the firebox casing is flush with the barrel, and 
the bottom is 3 ft. 10} in. below the centre line of the 
boiler. The casing is 4ft. Sin. long, and its width 
outside varies from 4 ft. at the centre line of the barrel 
to 3 ft. 10}in. at the bottom. The front and back 
plates are } in. thick, and the sides and top plates 4% in. 
thick, the rivets being of the same size and pitch as 
those used for the barrel. The back plate is flanged 
forward to join the sides and top plate, and the front 
ps is flanged back to join the side plates, the junction 
between the front plate and the underside of the 
barrel being formed by a bent joint-strip which meets 
the plain joint-strip uniting the upper part of the 
barrel with the top plate of the fechox casing. The 
barrel carries, in a Ine with the centre of the driving- 
axle, a dome | ft. 6 in. in diameter inside and 2 ft. 8 in. 
high. ‘The base ring of this dome is exactly similar 
toa manhole ring placed on the top of the firebox 
casing; it is 4in. high, and is formed of a flanged 
plate }in. thick. The upper part of the dome is also 
forged out of a single plate gin. thick. The boiler 
carries two safety-valves, each 33 in. in diameter, one 
being placed at the top of the dome, and the other on 
the cover of the manhole just mentioned. On the 
bottom of the barrel there are two mud-collectors, each 
12 in. in diameter inside and 4in. deep. They are 
each formed of a single flanged plate }1in. thick, and 
are each provided with a cover of the same thickness, 
fitted with a blow-off cock. We gave an illustration 
showing this arrangement of mud-collectors, at B, 
Fig. 2, page 347 of the last volume of this journal. 
The inside firebox is of copper, all the plates bein 
j in. thick, with the exception of the tube-plate, whick 
is Zin, thick. The firebox is 3 ft. 10; in. long inside at 
the top, and 4 ft. 0} in. at the bottom, the height inside 
being 4 ft. 8 in., so that the top of the crown is 10 in. 
above the centre line of the boiler. 
of the firebox is 3 ft. 48 in., this width being maintained 
for its whole height, except just at the top, where it 
falls in slightly. 

The boiler contains 192 brass tubes, 1Zin. in 
diameter outside, No. 10 wire gauge thick at the 
firebox and No. 12 at the ae A. a, end. They are 
secured by malleable cast-iron ferrules at both ends, 
and are disposed in vertical rows, the distance between 
them being § in., and an additional space being left at 
the centre of the boiler dividing the tubes on one side 
of the centre from those on the other. In the case of 
some engines of a similar class which are being now 
fitted with new tubeplates, the number of tubes is being 
reduced to 181, the intermediate spaces being made 2 in. 
The internal tube surface is 958.7 square feet, which 
added to the firebox surface, 77.3 square feet, makes the 
total heating surface 1036 square feet. The area of the 
firegrate is 13.7 square feet, and the firebars employed 
are Lee Stevens’s cast-iron pendulous bars arran 
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with gin. spaces. The smoke-burning arrangement 
consists merely of a deflector plate placed inside the 
firedoor, according to Frodsham’s patent, which we 
have already described in this journal.* A steam jet is 
also applied in the chimney, this jet being inserted 
through the breech piece connecting the two exhaust 
pipes, so that it is in the centre of the blast orifice. 

The crown of the firebox is stayed by eight roof 
stays, each 63 in. deep by 1} in. thick at the top, and 
2 in. at the bottom. A space of 14 in. is left between 
the undersides of the roof-stays and the crown, and the 
latter is secured to each of them by nine iron screws 
fin. in diameter, screwed 3 in. into the roof-stay. The 
roof-stays are connected to the manhole ring by six 
sling stays. The copper stays between the firebox and 
casing are Zin. in diameter, and are placed at a pitch 
of 4in.; and the back plate of the firebox casing is 
stayed to the smokebox tube-plate by thirteen stays 
1 in. in diameter for the main part of their length, and 
]}in. in diameter at the ends where the screws are 
formed on them. Two other stays of the same dimen- 
sions also comnect the smokebox and firebox tube- 
7 below the tubes. The steam pipe inside the 
oiler is 4} in. in diameter from the smokebox tube- 
plate to the dome, where it is joined to a pipe, 4 in. 
in diameter extending to the back plate of the firebox 
casing. Both pipes are No. 6 wire gauge thick, and a 
branch pipe 44 in. in diameter extends from the 
larger pipe nearly to the top of the dome. ‘The regu- 
lator is of brass, and is placed just within the front 
tubeplate. It consists of a conical valve, or rather 
a plunger the end of which fits a conical seat, placed 
at the end of the regulator rod, and opened or closed 
by a regulator handle working in a spiral guide, 
fixed on the back plate of the firebox. From the regu- 
lator two copper pipes, 44in. inside diameter and No. 
6 wire gauge thick, lead to the cylinders. The exhaust 
pipes are also of copper, and are 54 in. in diameter in- 
side ; the blast nozzle is 4}in. in diameter. The chimney, 
which is of the tapered form generally employed by 
Mr. Sinelair,and now fast coming into use on many 
lines, is made of 4% in. plates, and is 1 ft. 3 in. in diame- 
ter at the bottom, just above the curved foot, and 1 ft. 
6in. at the top. The smokebox is made of } in. plates 
rivetted together with in. rivets placed at 2 in. pitch 
and countersunk outside. The front tubeplate is 
flanged forward to join the smokebox plates, and also 
to enable it to be bolted to the frameplates between 
which it is carried down. The bottom of the smoke- 
box is formed of a fin. plate rivetted to a strong 
frame of 6 in. by 44 in. by @ in. angle iron, which forms 
a strong stay between the frameplates at the front end. 
This angle-iron frame is also rivetted to the tubeplate 
and to the front plate of the smokebox. 

The engine has an inside frame only, the frameplates 
being 24 ft. 44 in. long between the buffer-plates, the 
thickness being 1} in., and the least depth 12in. The 
frameplates are 4 ft. apart, and of the length above- 
mentioned the overhang beyond the centre of the lead- 
ing wheels is 5 ft. 1 in., and beyond that of the trail- 
ing wheels 3 ft.64in. The hornplates, which are all 
fitted with cast-steel rubbing pieces, are in one piece 
with the frames, and the latter are tied together trans- 
versely by the buffer-plates, by the angle-iron frame at 
the bottom of the smokebox, by the smokebox tube- 
apy by a plate stay in front of the firebox casing, and 
y @ massive cast-iron balance weight which forms the 
foot-plate at the trailing end of the engine. The frames 
are also connected with the barrel of the. boiler by 
brackets, and with the sides of the firebox casing by 
slides. The leading buffer-plate is 1 ft. 4in. deep by 
} in. thick, and an oak buffer beam 1 ft. 4 in. deep and 
6 in. thick is placed outside it. At the trailing end 
there is a wrought-iron buffer-plate only. .The foot- 
late behind the firebox is protected by a roof or awn- 
ing formed of an iron aa wood frame covered with 
lin, planking and canvas similar to that used for car- 
riage roofs. The awning is supported by the weather- 
mee and by wrought-iron turned pillars, to which the 
iandrail plates are also fixed. 

The boiler is fed by a pair of Giffard’s injectors, No. 
8, which deliver the water at the underside of the 
barrel near the middle of its length. The springs are all 
placed below the axles, and are all fitted with auxiliary 
springs made of Geo. Spencer and Co.’s india-rubber. 
The springs belonging to the coupled wheels are fur- 
nished with adjusting screws, and are connected by 
compensating beams. The weight of the engines in 
working order is about 313 tons, of which about 21 
tons rests on the coupled wheels. They are worked 
at 120 lb. on the square inch, and are, as we have 
already mentioned, used for both passenger and goods 








* Vide article on ‘“Coal-burning in Locomotives,” En- 
GINEERING, vol. i. page 70. 
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trains. With the latter their load on the main line is 
35 loaded wagons, weighing altogether about 300 
tons. With passenger trains their load is generally 
15 or 18 carriages, but with excursion trains it is fre- 
quently 28. The line is in many parts a very heavy 
one. 

The tender is carried upon three pairs of wheels, 
these being arranged with a total wheel base of 11 ft. 
5 in. equally divided into two spaces of 5 ft. 8} in. 
each. ‘Ihe wheels are 3 ft. 7 in. in diameter, and have 
Krupp’s steel tyres. The axles have outside bearings, 
9 in. long by 4 in. in diameter at the middle and 5 in. 
at the ends, the outline being an are of a circle, as in 
the case of the engine bearings; they are 6 ft. 4in. 
apart from centre to centre. The springs are all con- 
nected by compensating beams, and are fitted with 
auxiliary springs of india-rubber. The tender has 
double frames of wrought iron, the outer frames being 
Zin. thick, and having the hornplates formed in one 
piece with them, and the inside frames being jin. 
thick. The depth of the imside frames is 7 in., and 
that of the outside frame between the hornplates 9 in. 
The buffer-plates are of wrought iron, and the frames 
are stiffened by gusset stays in the corners, and by the 
upper tank being rivetted to them. The draw-springs 
and buffer-springs are of G. Spencer and Co.’s india- 
rubber, and cones of the same material are also 
applied to the safety-chains. The tender is fitted with 
a sliding brake, there being two brake-blocks to each 
wheel, and a footboard is carried along each side and 
provided with a handrail fixed to the sides of the tank. 

The tank consists of two portions, the one above the 
level of the footplate, and the other a well sunk between 
the inside frames. The upper tank is 16 ft. 6 in. long 
by 7ft. 1 in. wide outside, and is 2ft. 7in.deepat the back 
end fora length of 3ft. The top then falls with a 
curve of 12 in. radius, making the depth of 1 ft. 63 in., 
and this depth decreases to 1 ft. 3 in. at the front end. 
The coal is carried on the top of this upper portion of 
the tank, the sides of the tender being carried up to a 
height of 3ft. above the footplate for their whole 
length. The lower tank or well is 13 ft. Lin. long by 
3 ft. 74 in. broad outside, and is 1 ft. 7 in. deep below 
the level of the footplate. The top and bottom of the 
tanks are of ;%, in. plates, whilst the sides are of }in. 
plates. The angle irons are if in. by 24in., and the 
rivets $ in. in diameter, set at 1fin. pitch. The tanks 
hold about 1760 gallons, and the coal space affords 
accommodation for about 24 tons of coal, the top of 
the upper tank on which the fuel rests being supported 
and stiffened by strong stays of 3in. angle iron. The 
tender weighs, in working order, from 22 to 23 tons. 


THE PARIS EXHIBITION. 

Tue allotment of space to British exhibitors in the 
engineering classes in the Paris Exhibition was_con- 
fided, some time since, to the Council of the Insti- 
tution of Civil Engineers, and they have this week de- 
cided upon-the applications, The total space applied 
for was upwards of 160,000 = feet, or nearly four 
acres. One firm alone applied for 12,000 square feet ; 
but there were only 16,000 square feet to be given 
away, and much consideration, and we trust much 
judgment, has been exercised in the allotments. To 
the Council of the Institution the decision has been a 
matter of great delicacy. They have had to regard 
both the interests of the intending exhibitors and those 
of the Exhibition itself, so that the best display should 
be made as a whole. 

Only two of our leading toolmakers have me 
Four or five marine engine builders applied, and though 
it has not been found practicable to make room for their 
attractive but spacious display along with the other 
machinery, it is intended to place the marine engines 
in a separate position on the banks of the Seine, where 
they can be put in motion. A complete model of the 
whole of the machinery employed in the Bessemer pro- 
cess will be exhibited; several coal-cutting and rock- 
boring machines. There will be a fair display of 
hydraulic machinery. A few examples of the most 
recently introduced innovations in steam engine prac- 
tice will be shown. ‘There will be a complete display 
of machinery for spinning and weaving flax and jute ; 
and cotton and woollen machinery will be fairly repre- 
sented, though not so prominently as in 1862, the 
Council considering (very justly, we think) that the 
rising industries of flax and jute require specially to be 
encouraged. On the principle of giving everything a 
turn, shoddy machines (for making a despised material) 
will also be represented. Locomotives, docked of 
their tenders, will also be sent; likewise, traction 
engines. Several varieties of permanent way will be 
contributed. Steam cranes in various forms, including 
the direct-action steam crane, will be shown. The 
industry in peat fuel will only be represented by a 
model, 











Taken altogether, the selection of machinery for the 
English section will form a compact and most interest- 
ing display; and though the allowance of space has 
been very inadequate, it will give our Continental 
friends a fair notion of what we are doing at home. 

The following are the allotments of space in each 
class :— 

Group VI. Apparatus and provesses used in the common 
arts, 

Class 47. Apparatus and processes of the art of mining and 
metallurgy. ¢k xhibition Building, Gallery V.)—Boring ap- 
paratus for artesian wells and wells of large diameters. Boring 
machines and apparatus for breaking down coal, and cutting 
rocks. Apparatus for blasting by electricity. Models, plans, 
and views of the mode of working in mines and quarries. Works 
for obtaining mineral waters. Mining-ladders moved by 
machinery. Extracting apparatus; machines for draining; 

umps. Ventilating apparatus; ventilators. Safety lamps; 
amps for electric light. Apparatus for saving life, parachutes, 
signals. Apparatus for the mechanical dressing of ores and 
mineral fuel. Apparatus for compressing fuel into cakes. 
Apparatus for the carbonisation of fuel. Smelting furnaces ; 
smoke-consuming apparatus. Apparatus used in mental works. 
Special apparatus used in forges and foundries. Electro- 
metallurgical apparatus. Apparatus used in metal manufactures 
of all kinds. 
Whole space allotted, 403 square feet. 

Class 49. Apparatus in shooting, fishing tackle, and imple- 
ments used in gathering fruits obtained without culture.—Guns, 
traps, and shooting apparatus, and equipment. Fishing lines 
and hooks. Harpoons, nets, fishing tackle, and bait. Appa- 
ratus and implements used in gathering products obtaiued 
without cultivation. 

Whole space allotted, 34 square feet. 

Class 51. yore used in chemistry, pharmacy, and in 
tan-yards. (Exhibition Building, Gallery VI.;  Park.)— 
Laboratory utensils and apparatus. Apparatus and instru- 
ments used jin essays for industrial and commercial purposes. 
Processes and apparatus used in the manufacture of chemicals, 
soaps, candles. Processes and apparatus used in the manufac- 
ture of essences, varnishes, and articles in india-rubber and 
gutta-percha. Processes and apparatus used in gasworks, 
Bleaching used in the preparation of pharmaceutical products. 
Processes uses in tan-yards and leather-dressing; and appa- 
ratus used in glass works and in ceramic manufactures. 

Whole space allotted, 264 square feet. 

Class 52. Prime movers, boilers, and engines especially 
adapted to the requirements of the Exhibition. (Exhibition Build- 
ing, Gallery VI., Park.)—Boilers and steam generators, with 
their safety valves. Steam pipes and apparatus connected with 
them. Shafts. Pulleys and belts. Appliances for starting and 
stopping engines, and for throwing in and out of gear. Engines 
used for supplying the water and steam necessary in the 
different sections of the Exhibition Building and Park. Cranes 
and apparatus of all kinds intended to be used for moving the 
packages. Rails and turntables intended to be used for moving 
the packages, fodder and manure, and for other purposes that 
may be required in the Exhibition Building and park. 

Whole space allotted, 398 square feet. 

Class 58. Machines and apparatus in general. (Exhibition 
Building, Gallery VI.)—Separate parts of machinery, bearings, 
rollers, slide-bars, eccentric wheels, toothed wheels, connecting- 
rods, cranks, parallel joints, belts, funicular apparatus, &c. 
Gearing, springs, px catch works, &c. Regulators and 
governors. Greasing apparatus. Machines for measuring and 
registering. Dynamometers, steam gauges, weighing machines. 
Gauges for liquids or gas. Machines used for moving heavy 
weights. Hydraulic machines for raising water, &c. norias 
(chain pumps), scoop wheel, hydraulic rams, &c. Hydraulic 
engines, water-wheels, turbines, &c. Steam engines, boilers, 
steam generators and apparatus appertaining thereto. Apparatus 
for condensing steam. Machines set in motion by the evapora- 
tion of ether, chloroform, ammonia; of a combination of gases. 
Machines set in motion by gas, hot air, compressed air, electro- 
magnetic machines. Windmill and panemones. Air-balloons. 

Whole space allotted, 3221 square feet. 

Class 54. Machine tools.—Engines and tools for preparing 
wood for the workshop, lathes, boring machines, at planing 
machines, slotting machines, drilling machines, shaping machines, 
&c., screw-cutting engines and rivetting machines, various 
kinds of tools used in machine workshops; tools, engines, and 
apparatus for pressing, crushing, working up, sawing, polishing, 
&c. Special tools and engines used in various trades. 

Whole space allotted, 2297 square feet. 

Class 55. Apparatus and processes used in spinning and rope 
making (Exhibition Building, Gallery VI. )—Hand-spinning ap- 
paratus, separate parts of spinning apparatus, machines and appa- 
ratus used in the dressing and spinning of textile materials, appa- 
ratus, and processes for the subsidiary operations appertaining 
thereto, for drawing, winding, twisting, throwing, dressing ma- 
chines ; apparatus for separating the qualities and numbering the 
thread. Materials used in rope manufacture—round, flat, tapering 
cables, cord and twine, wire rope, cables with wire core, rope 
matches, quick matches, &e. 

Whole space allotted, 2141 square feet. 

Class 56. Apparatus and processes used in weaving. (Exhi- 
bition Building, Gallery VI.)—Apparatus used in the prepara- 
tion of materials for weaving, warping-mills, spooling (winding) 
machines, card-making for the Jacquard looms; hand looms and 
mechanical looms for the manufacture of plain fabrics; looms 
for the manufacture of figured and brocaded stuffs, damask 
looms, electric looms; looms for the manufacture of carpets and 
tapestry ; mesh-weaving looms, for the manufacture of hosiery 
and net; apparatus for making lace; apparatus used in the 
manufacture of lace work; high-warp looms, and different 
modes of preparing the bobbins for weaving. Accessory appa- 
ratus; machines for fulling, callendering, figuring, watering, 
measuring, folding, &c. 

Whole space allotted, 3672 square feet. 

Apparatus and processes for sewing and for making 
up clothing. (Exhibition Building, Gallery V1.)—Ordinary im- 
plements used by tailors and sempstresses; sewing, quilting, 
emming, and embroidering machjnes; knives for cutting out 
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cloth, and leather for making garments and shoes; machines 
for making boots and shoes, for nailing and screwing soles. 
Whole space allotted, 354 square feet. 

Class 58. Apparatus and processes used in the manufacture 
of furniture and objects for dwellings. (Exhibition Building, 
Gallery VI.)—Machines for cutting veneers, turning webs, saw 
frames, &c.; machines for cutting the mouldings and beadings 
of frames, the squares of inlaid floors, furniture, &c.; lathes 
and other apparatus used in carpentering and cabinet-making ; 
machines for stamping and burnishing; machines and appa- 
ratus for working stucco, papier maché, ivory, bone, and horn; 
machines for pointing, carving, and reducing statues, for en- 
pane eres , &c.; machines for sawing and polishing 
hard su ces, marbles, &c. 

Whole space allotted, 128 square feet. 

Class 59. Apparatus and processes used in paper-making, 
dyeing and printing. (Exhibition Building, Gallery VI.)— 
Apparatus for printing paper-hangings and tissues. Machines 
for engraving cylinder for printing. Apparatus for bleach- 
ing and dyeing, and for the preparation of paper and tissues, 
Apparatus for making paper by hand and by machinery, 
Apparatus for embossing, ruling, glazing, and watering water, 
Machines for cutting out, parting, stamping paper, &c. Ma- 
terials, apparatus, and products of type-founding, stereotypes, 
&e. Machines and apparatus used in typography, stereotyping, 
copper-plate printing, ithography, autography, chalcography, 
pameontgnrt chromolithography, &c. Printing of postage 
stamps. ines for setting up and sorting types. 

Whole space allotted, 416 square feet. 

Class 60. we instruments, and processes used in 
various works, (Exhibition Building, Gallery VI.)—Coining 
pressing-machines, for making buttons, pins, pens, envelopes ; 
packing machines, brush-making machines, machines for making 
cards; capsules for affixing lead seals to merchandise, for corking 
bottles, &. 

Whole space allotted, 86 square feet. 

Class 68. Railway apparatus.—Separate parts; springs 
buffers, brakes, &c. Permanent way, rails, chairs, crossings, 
switches, fish-plates, turntables, buffers, feeding-cranes and 


tanks, 0} l and accoustic signals. Rolling stock; wagons 
for carrying earth, goods, cattle, passenger carriages, locomotive 
tenders. Special machines and tools for the maintenance, re- 


pair, and construction of railways. Apparatus for inclines, 
planes, and self-acting planes. Apparatus and engines for 
atmospheric railways; models of engines, of systems of traction, 
of apparatus appertaining to railways. Models, plans, and 
drawing of platforms, stations, engine-houses, and other buildings 
necessary for the working of railways. 

Whole space allotted, 1686 square feet. 

Class 64, Telegraphic apparatus and processes. (Exhibition 
Building, Galle V1 )—Telegraphs based on the transmission 
of light, sound, Apparatus for the electric telegraph: post 
wires, stretchers, &c.; batteries, apparatus for sending and re- 
ceiving messages. Bells and electric signals. Objects appertain- 
ing to telegraphy: lightning conductors, commutators, prepared 
paper for printing messages and for sending authographic mes- 
sages. Special —— for submarine telegraphy. 

Whole space allotted, 124 square feet. 

Class 65, Civil Engineering, Public Works, and Architecture. 
(Exhibition Building, Gallery VI.)—Building materials: stone, 
wood, metals, ornamental stone, lime, mortar, artificial stone, 
and concrete; roofing tiles, bricks, paving tiles, slates, paste- 
board and felt for roofing. Materials used in the preservation 
of wood, and specimens of preserved wood. Apparatus and 
instruments for testing building materials, Apparatus for earth- 
works; excavators. Apparatus used in timber yards. Tools 
and |  eetgrn. a cutters, masons, car- 

nters, smiths, joiners, glaziers, plumbers, house painters, 
ae miths’ aah locks, guttatie, railings, connie, 
means ow © Apparatus and engines used in making founda- 
tions; pile-drivers and pile work, screw piles; pumps, pneu- 
matic yee a dredging machines, &c. Apparatus used in 
hydraulic works connected with harbours, canals, rivers. Appa- 
ratus used in the supply of water and Apparatus used 
in the maintenance of roads, plantations, and public walks, 
Models, plans, and drawings of public works: bridges, viaducts, 
aqueduets, drains, canal bridges. Lighthouses; public buildings 
for special pur; , buildings for civil purposes, mansions and 
houses for etting, lodging houses for the working classes, &c. 

Whole space allotted, 1145 square feet. 

Total space allotted to British exhibitors in engineering 

classes, 16,369 square feet. a 


THE AMERICAN MONITORS. 

In ENGINEERING, vol. i. page 290, we gave a cross section 
of the hull and turrets of the Dictator, one of the largest of the 
American monitors. Mr. Fairbairn’s work on Iron Shipbuilding 
contains very clear longitudinal sections of one of the light- 
draught monitors, the Nauset, which, with an elevation of the 
two-turret monitor, Chickasaw, we engrave, by Mr. Fairbairn’s 
permission, and which will better sarve to convey an idea of the 
structure and internal arrangements of these craft than any 
amount of description. ‘The cross section is very much like 
that given of the Dictator, except that the floor of the 
Nauset is flat, and the timber backing of the side armour comes 
down to the bottom, forming a rounded bilge. The Nauset 
was built by Mr. Donald McKay, of Boston, U.S. She is 223 ft. 
long, 44 ft. 3 in, beam over all, and only 8 ft, 6 in, deep from the 
top of the deck amidships. ‘The hull is of iron surrounded with 
hard timber balks 6 ft. thick alongside the boilers and engines, 
and 8 ft. 8 in. thick amidships. ‘The deck itself is well rounded, 
and formed entirely of large balks. The turret is 10 in. thick; 
its sides, being formed of ten thicknesses of lin. plates and 
three or four plates of iron, making up a thickness of 3} in., are 
carried paced | the hull, rising 15in. above, and falling 20 in. 
below the water-line. ‘The ventilating pipes which supply air to 
the interior of the ship by means of the fan, are shown in the 
space between the skin of the ship and the timber covering,:. 
a being placed well below the water-line. Valves are 
plac along these lines of pipes to let in fresh air into each 
compartment. Such a vessel could not, from its light draught 








and want of stowage room for coal, be expected to go to sea, 
but it would no doubt prove a formidable harbour defence, 
mounting, as it does, two heavy guns. 
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Messrs. LANCASTER AND HuGues, the assignees of a 
patent taken in the name of the late Mr. Brooman, in July 
1860, for the longitudinal strengthening of guns, lately brought 
an action against Captain Blakeley for infringement of their 

tent, The case came before Mr. Justice Shee and a common 
jury ;in the court of Queen’s Bench, on Friday last, when a 
verdict for 350/. damages and 200/. costs was taken by consent, 
subject to an agreement as to the further use of the invention. 
In connexion with this case it may not be without interest to 
our readers to be made acquainted with the various designs that 
have been proposed during the past ten years by different 
engineers for the purpose of ———— cast-iron artillery, or 
@ more systematic construction of wrought-iron artillery. 









SSaSGe ENE 








PW LLL. 
OH, 
















La 














ZL 































Yl: 
SCG... GG 














For this purpose we herewith give drawings of five diffe- 
rent guns, embracing the permanent features of the various 
changes introduced. 

No. 1. represents the strengthened cast-iron guns as made 
by Captain Blakeley from 1855 to 1862. 

It will be observed that, although the hoops strengthened the 
guns laterally, the cross-section of the gun or strength longi- 
tudinally remained in its normal condition. 

The Parrott guns of America are constructed in this way. 

General Gilmore, in his re of the siege of Charleston, 
shows by drawings the number of Parrots guns that burst, 
blowing the rear end of the gun off, yet leaving the hoops entire. 
Our experience at Woolwich Arsenal s this report. 





During the trials in this country the breech ends were blown off, 
as shown in — y 1: . an ‘ 

No.2 isa ing of a wrought-iron gun le at Elswick, 
in which no adequate provision has been made to strengthen the 
gun longitudinally by interlocking the coils. This gun blew 
out the breech at the point marked in drawing No. 2. 

No. 3 is a drawing exhibiting the Lancaster and Hughes's 
patent longitudinal cylindrical truss for adding longitudinal 
strength to guns of any class, whether of t iron or cast 
iron, and which has been extensively used by Captain Blakeley, 
the Elswick Ordnance Company, the Government, and other 
manufacturers of artillery. 

No. 4 is the drawing of an original A 
loading gun, in the construction of which the coils are 
shrunk one over the other, and depend on the tension of the 
for longitudinal strength. 

No. 5 shows the wrought-iron muzzle-loading coil gun, as 
manufactured at Elswick and Woolwich Arsenal, since the patent 
of Messrs. Lancaster and Hughes, and the official trial of the 
system by the Ordnance Select Committee. 


IMPROVED PORTABLE ENGINES. 

A speciat class of portable engines, known as 
“racers,” are generally put in competition once in four 
years at the shows of the Royal Agricultural gen 
At the Worcester show, however, in 1863, the ordi- 
nary or “ commercial” engines of half a dozen makers 
were tested, and it should be remarked that three 
firms, Messrs. Clayton, Shuttleworth, and Co., Messrs. 
Tuxfords, and Messrs. Barrett, Exall, and Andrewes, 
declined to compete at all in this class of engines. Of 
the six tried, Messrs. Brown and May’s burnt the 
least coal per horse power per hour—viz., 6.4]b., 
Ellis and Sons’ burnt 8.211b., Ruston and Proctor’s 
burnt 93 lb., Messrs. Gibbons’s 10]b., Robey’s 11.961b., 
and Ashby’s 12lb. The latter was only a 4} horse 
engine, so that therefore, of the 8 horse engines, Messrs. 
Robey and Co. would ap to enjoy the unenviable 
pre-eminence of making the most wasteful portable en- 
gine of the size in England, so far as has been ascer- 
tained, 

It is quite true that the mode of testing portable 
engines only to their nominal power operates very 
much against economy; but in any case most of the 
above-named rates of, consumption appear extrava- 
gant, and show how crude must be the practice of 
many firms known as “ agricultural engineers.” The 
late John Gray, of the Liverpool and chester Rail- 
way, held that the cost of repairs was nearly measured 
by the consumption of fuel, and it would appear indis- 
putable that the 8 horse engine, which burns 12 b. of 
coal per horse power per hour, must be altogether 
more costly in maintenance than that which burns but 
6 Ib. or 64 Ib. 

We have lately seen the wastefulness of portable 
engines defended by a line of argument which, if it 
meant anything, meant that economy of fuel was 
wholly unimportant upon the farm; or, at any rate, 
that even if such economy were worth having, as a 
mere abstract good, it coal only be attained by means 
of a complicated, dangerous, and ———- machine, 
of great Ente of construction uncertainty of 
action. We shall not argue here whether it is worth 
while to save coal in portable engines, but we shall 
endeavour to show that a ve saving is com- 
patible with reasonable simplicity, entire safety, and a 
good degree of durability. It is easy to say that the 
present portables answer their purpose very well. So 
did Newcomen’s engine, and so afterwards did Watt’s, 
although the latter, in its best form, burnt as much 
coal per horse ap Fs hour as did Ruston, Proctor 
and Co.’s engine at Worcester. The old Stockton and 
Darlington locomotives answered their purpose very 
well until a different class was wanted; and so we 
might go through the whole history of early and imper- 
fect machinery, and with the certainty that there were 
hundreds of engineers, or of those confident in their 
own opinions, who were quite content with things as 
they were, and who maid improvement as unneces- 
sary and even objectionable. Yet no one would now 
be content with Newcomen’s engines, nor even with 
those set up by Watt himself, nor with the early loco- 
— i “i p 

n attempting to improve engines we mus 

g back to first asiagian, a not dog comien to 

e hampered at every step with the conventionalities 
of existing practice; and we must remember that the 
success of this practice in no respect justifies the pre- 
sumption that it is the best possible, but only that it is 
in some degree better than what is known to be so 
wasteful as to be inadmissible. 

- obtain = utmost economy of fuel, especially 
with non-condensing engines, expansion is > 
and in these pm this prntos 4 carried far with: 
out high steam, and the advantages of expansion are 
best realised with a quick speed of piston, as there is 
then less time for the internal cooling of the cylinder. 
High steam and quick piston speed permit of a given 
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ainount of power being exerted within a small cylinder, 
and as, by expansion, a given weight of steam may be 
made to do from one-half more to twice or three times 
more work than when sent through the cylinder at full 
pressure, as is poate done, only a small boiler is 
required. For the size of the boiler is determined only 
by the weight of water to be evaporated in a given 
time, and with a given rapidity of draught; and if, by 
expansion, twice or three times as much power 1s 
obtained from the steam as when it is worked at full 
pressure for the whole or nearly the whole stroke, we 
may have a 10 or a 15 horse engine working with the 
boiler which would ordinarily be employed for 5 horse 
power. We have to take care that dry steam is 
delivered to the cylinder, and that as little heat as pos- 
sible is allowed to be radiated, and we believe that at 

resent portable engines waste a very large amount of 
1eat in this manner. 

It is, however, with high steam and quick piston 
speed that, as we are accustomed to hear, the difficul- 
ties in making and working portable engines begin. 
What is high steam ? Is it anything higher than 50 lb., 
as ordinarily carried in portables? If so, we have only 
to refer to hundreds of boilers of traction and plough- 
ing engines working at 100lb. But we have locomo- 
tive boilers worked at from 120 lb. to 160 lb., notwith- 
standing that they are much larger, and therefore 
weaker, than portable boilers. With the same thick- 
ness and quality of iron and workmanship, the 2} ft. 
boiler is as strong for 256 lb. as is the 4 ft. boiler for 
160 lb., or, to take more moderate pressures, as strong 
for 150 Ib. as is the 4 ft. boiler for 941b. We have a 
right to suppose the boiler to be so made that, as in 
locomotives, the strength of all parts is equal to that of 
the barrel. In this case, let us see what the factor of 
safety would be. If 7, in. plates, of good quality and 
double rivetted, were employed, the bursting pressure 
of a 30 in. barrel would be 1225 lb. per square inch, 
and only gross carelessness or insidious corrosion, to 
which, of course, all boilers are subject, could ever 
bring down this strength to the limits of the working 
strain. Even a #in. single-rivetted boiler of 30 in. 
diameter should have an ultimate bursting strength of 
upwards of 700 lb., or nearly five times the highest 
working pressure we have proposed. Mere high pres- 
sure is not a condition of dauger, for the danger of 
failure, except by burning or corrosion (to which all 
boilers are subject), depends only upon the working 
strain upon the iron, and this need not necessarily be 
greater for a high-pressure than for a low-pressure 
boiler. As for boiling water, there is no difference in 
the natural conditions between a boiler on a set of 
portable engine wheels and another in rapid movement 
along a railway, unless it be maintained that the greater 
amount of jar or bodily agitation of the boiler, in the 
latter case, assists in liberating the steam. Ass for feed 
water, the farm boiler may be the worse served of the 
two, but this fact only points to the necessity for wide 
water spaces and abundant tube clearance. It is, of 
course, an object to boil away as little feed water as 
possible ; for the mud, chalk, or sulphate of lime thrown 
down is exactly as the quantity of water evaporated ; 
and in this fact we have an additional argument in 
favour of high expansive working, and of the high 
steam necessary for expansion in all non-condensing 
engines. 

e shall not now enter upon the question whether, by 
the useof smaller and more numerous tubes and a smaller 
blast pipe, a quicker draught might be advantageously 
adopted in portable engines. We will merely remark 
that the draught must have been much quicker to burn 
12 Ib. of er horse per hour, in Robey’s engine 
at Worcester, than we should propose for any engine. 
Our idea at present is that the reduction in the size of 
the boiler should be that only »orresponding to the 
lessened quantity of water to be evaporated, the rate 
of evaporation per square foot of heating surface to 
remain the same as at present, in average engines in 
good working order. The quantity of water to be 
evaporated might, there is every reason to believe, be 
lessened by one-half, and but one-half the present 
amount of grate area and heating surface per indicated 
horse power would be required. 

We next come to consider the speed of the engine. 
With a 9 in, stroke, the piston roe at 300 revolutions 
is 450 ft. per minute. This is not above what is regu- 
larly maintained with advantage in thousands of other 
engines, fixed, marine, and locomotive. It will be 
said, however, that very few engines make such 
rapid reciprocations, and that it is not so much the 
rate of motion as the frequency of the. changes of 
motion that is objectionable. Now in this, as in every- 
thing connected with the steam engine, we are con- 
stantly learning that we can do more than was before 





believed possible. Who, a few years ago, would have 
believed it practicable to drive a pair of 112 in. pistons 
of 4 ft. stroke, as in the Bellerophon, at upwards of 
70 revolutions per minute? And as for frequency of 
reciprocations, the engines made by Messrs. Penn and 
Son for ships’ launches are worked at from 300 to 
370 revolutions per minute, the stroke, it is true, being 
6in. only. The frequency with which the reciproca- 
tions of the working parts may be changed depends 
greatly upon their lightness and upon the character of 
the workmanship. It was at one time thought imprac- 
ticable to work power looms at more than 120 picks 
per minute, yet in the International Exhibition of 
1862 there was a loom the slay of which made 360 
beats per minute. We admit that in this case the 
motion was attended with jar, and was not probably 
economical; but Messrs. ecdhene, of Blackburn, 
have worked looms at 290 picks per minute for many 
years successively. Here the weight in motion and the 
strain are not great, as compared with even the smallest 
steam engine, but the fact is in a measure qualified by 
the great delicacy of the material warhol We do 
not refer to steam fire engines, for in this country 
these are very rarely worked at more than 130 revo- 
lutions per minute ; but this is because of the “dead ” 
resistance, and unyielding nature of the water in the 
pumps. In the case of rotary pumps, the American en- 
gines are driven at very much greater speeds, and from 
what we are able to learn, the result is satisfactory. 
We have before referred to steam winches, to Messrs. 
Howard’s new engine, and to those in course of con- 
struction for driving Messrs. Gwynne’s centrifugal 
pumps, at 700 revolutions per minute, or 1400 single 
piston strokes per minute. Mr. Porter’s “ Allen” 
engine has worked, we believe, regularly at Messrs. 
Easton, Amos and Sons’ at 160 revolutions per minute, 
the stroke being 2{t.; and Messrs. Humphrys and 
Tennant have a compound engine of the same stroke, 
which has worked regularly for years, and at an insig- 
nificant cost for repairs, at 132 revolutions. Mr. John 
Bourne worked an engine twenty years ago, in Savage 
Gardens, at 700 revolutions per minute, the stroke 
being 6 in.; and Mazaline, or Nillus, of Havre, worked 
one direct upon a fan at 800 to 1000 revolutions. At 
an engineering establishment at High Wycombe, an 
engine with 12 in. stroke has worked at the rate of 
300 revolutions per minute for the last two years, and 
no doubt scores of other examples of successful high 
speed could be found if they were sought for. In 
the case of a portable engine with 6 in. cylinder only, 
and a Yin. stroke, the lightness of the parts would m 
a great measure compensate for the frequency of the 
changes of motion, and good workmanship would have 
to do the rest. 

At present portable engines have a wide clear space 
between the crank and the bearing next the fly-wheel, 
and the very mode of supporting the shaft in a pair of 
high brackets, connected with the cylinder only 
through the boiler, would aggravate the effects of high 
speed, if it were attempted. In this respect the con- 
struction of the present class of engines is almost bar- 
barous, and it is only by the use of heavy castings and 
by strong fastenings that anything like stability can 
be attained. For quick speed the bearings and the 
cylinder should be immediately connected together in 
the line of strain, and a hollow trunk frame might be 
employed for this purpose, within which all the work- 
ing parts might move, entirely closed from dust. This 
framing would be fastened to the boiler only at the 
end beneath the crank bearings, the cylinder end 
sliding freely upon the boiler, according to variations 
of temperature, by means of an expansion joint. 

As for the mere speed of rotation of the shaft, so 
long as dirt was kept out of the bearings, there would 
be no difficulty at 300 revolutions, the journals being, 
say, 24in. or 2in. in diameter. The surface speed 
would be far less than in many other examples of 
machinery. The conditions mac be so much more 
favourable than those of a railway-carriage journal 
that the two could hardly be compared. The railway- 
carriage axle, with its 3in. or 8}in. journals, goes 
flying through clouds of dust (the intrusion of which, 
however, is nearly if not wholly prevented, as it should 
be in portable engines) at from 250 to 500 revolutions 
per minute for hours together, each journal loaded 
with from 1} tons to 2 tons, and subjected to inces- 
sant strains caused by the shocks between the wheels 
and the inequalities of the rails. 

A light high-speed expansive engine should have 
separate steam and exhaust valves, each set for its own 
yroper purpose. The additional complication would 
be less than many would at first suppose, and the 
valves once at work would give no trouble by cutting. 
The exhaust valves would work only under the 





cylinder pressure, averaging less than half that in the 
boiler, and the steam valves would cover only small 
openings, and would have large bearing surfaces. 
They would then work nearly as easily as balanced 
valves, for the pressure upon them would be due only 
to the openings covered. Care would be requisite to 
supply only dry steam to the cylinder, and to keep the 
latter relieved of water should it once find its way in. 
Long stuffing-boxes would be requisite, the crank 
would be close to the principal bearing, and the fly 
wheel would be counterweighted to the extent of the 
unbalanced revolving weight and some portion of the 
reciprocating weight as determined from experiment. 
As for the governor, Mr. Siemens’s gyrometric ap- 
paratus, as now used by him on the portable engine 
driving his own factory at Woolwich, would probably 
give less trouble than the ball-governor, even when 
driven at reduced speed. The pump might be driven 
from a second motion, although the pumps of the 
engines made by Messrs. Penn for screw launches are 
driven direct, at from 300 to 370 double strokes per 
minute. If driven on a second motion, frictional 
gearing might be employed with advantage in driving 
it. This is now used to transmit the whole power 
of the engine in the case of the dummy locomo- 
tives used in the streets of New York, and Messrs. 
Appleby Brothers are making a similar application 
in the case of contractors’ locomotives. 

It is exactly as portable engines are considered in- 
dependently of existing plans that the opportunities 
for their improvement become apparent. Probably 
twenty thousand of these engines have already been 
made, and the demand for them is always increasing, 
notwithstanding temporary checks like the present. 
Those who are not connected with the business can 
hardly understand that the four or five factories in 
Lincoln are alone equal to the production of nearly or 

uite one thousand of these engines yearly, and that 
the total number sold yearly in the kingdom and sent 
abroad considerab] pmo | that number. It is time, 
then, that a decided improvement was made upon this 
class of machinery; for of the need of improvement 
there can be no dispute. We have given much space 
lately to the discussion of this subject, and we shall 
yet say something as to the men t¢ whom the working 
of portable engines is entrusted. 
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Useful Rules and Tables, relating to Mensuration, Engi- 
neering, Structures, and Machines. By Wiuu1am J. 
Macquorn Ranxryg, C.E., LL.D., F.R.SS. Lond. and 
Edin., &c, &c. Griffin and Co. 

Proressor Rankine, by this volume, will gain still 
wider acceptance as an authority in physical and ma- 
thematical science. Accustomed, as his other writings 
show him to be, to think in algebra, he has here de- 
scended to perspicuous English and plain arithmetic, 
and he has thus produced a work which will be valued 
by engineers and engineering students everywhere. 
The book, by no means a bulky one, although it is not 
a “pocket-book,” contains within its 300 pages expla- 
nations of numbers and figures, rules for the mensura- 
tion of figures, measures of angles, time, length, area, 
volume, weight, capacity, value, speed, heaviness, 
a, work, power, moment and absolute force, 

eat, and an extensive table of multipliers for convert- 
ing measures; rules and tables in engineering geodesy, 
distributed forces and mechanical centres, balance and 
stability of structures, strength of materials, machines 
in general, hydraulics, heat, and the steam engine. ‘To 
summarise the rules in detail given under most of 
these heads would require much space, but almost all 
calculations involved in the application of pure science 
to engineering, as well as a very extensive series of 
handy rules derived from practice, are given. The 
practical engineer, accustomed to “ pocket-books ” of 
rules and formule, in which the subjects are made 
directly prominent under their own heads, as bridges, 
doilers, propellers, &c., may, perhaps, be at a loss at first 
to recognise them under their more general classifica- 
tions of ‘‘ balance and stability of structures,” “ thermo- 
dynamics,” &c., but there can be no doubt that the latter 
classifications are the more scientific and generally useful. 

The second section of the chapter on strength of ma- 

terials is in itself a most valuable compendium of con- 

structive science, and contains within twenty-five 
pages what many an engineering pupil fails to learn in 
three years. There are here treated, safety and moduli 
of strength, uniform tension, uniformly varying tension, 
resistance of thin shells to bursting, resistance of thick 
shells to bursting, resistance to shearing, resistance 
to compression, and direct crushing strength of long 
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struts and pillars, resistance of tubes to collapsing, 
action of a transverse load on a beam, travelling load on 
a beam, moments of resistance of beams, cross sections of 
equal strength, longitudinal sections of equal strength, 

owance for weight of beam, deflection of beams, con- 
tinuous girders, arched ribs, stiffening girders, re- 
sistance to twisting buckled plates, and suspension 
bridges—all with reference to practical applications. 
Many of the rules could not cnail be wal elsewhere. 
Here is that for buckled plates : The plate being square 
and fastened all around the edges, to find the uniforml 
distributed crushing load, multiply the depth to which 
the plate is buckled by the square of the thickness, 
both in inches and by 165; the product will be the 
crushing load in tons, nearly. Central load which 
crushes a buckled plate is equal to about one-third of 
uniformly distributed load. 

A valuable diagram, in which the mechanical pro- 
perties of steam are graphically and clearly expressed, 
and from which the density and temperature of steam, 
of any pressure up to 150 lb., may be obtained by in- 
spection, as also the efficiency of expanded steam, is 
appended to the book. And, last, there is a full and 
convenient index, in which the practical man, instead 
of being referred to some broad head of classification, 
comes pat upon the very thing he wishes to find. 

The value of this book will be more and more felt 
and acknowledged as it becomes known, and we believe 
its general value will exceed that of all Professor 
Renkias’s previous writings, although it may contain 
little or nothing that is intrinsically new. 


Fire Prevention and Fire Extinction. By James Brarw- 
woop, First Superintendent of the London Fire Brigade, 
and Associate of the Institution of Civil Engineers. Bell 
and Daldy. 

Tue late Mr. Braidwood was the father of the 
modern system of fire brigades, and he was beyond 
—— the first authority of his time in the art of 

re-extinction. The present is a welcome reprint of 

his “ Fire Engines, and the Training of Firemen,” 
published in Edinburgh in 1830 (and long since out of 
print), and of two papers read res ectively before the In- 
stitution of Civil Engineers and the Society of Arts. 
Although the first named work was written thirty-six 
years ago, those who now read it will be struck with the 
exactness with which the greater portion of it still 
applies to fire-engineering. ‘There were no steam fire- 
engines in regular service then, although Mr. Braith- 
waite had made one or two, and there were no fire 
telegraphs ; yet the principal business of firemen w 's 
then much the same as now. The editor of the pre- 
sent volume has added, however, much authentic in- 
formation as to the performance of steam fire-engines 
of the most recent design, including the official report 
of the Crystal Palace trials in 1863. The Metropoli- 
tan Fire Brigade Act forms an appendix to the whole, 
and we should add that the book opens with the por- 
trait and an interesting memoir of the late chief of the 
London Fire-engine Establishment. Without entering 
upon an extended notice of a work of which much 
was known to a former generation of firemen, we 
think it sufficient to call attention to the fact that a 
neat, cheap, and useful edition of nearly all the pub- 
lished papers of the late Mr. Braidwood is now at the 
disposal of the fire-engineer, and the larger number, 
olden, will lose no time in obtaining it. Upon 
many points these papers contain matter of a high pro- 
fessional value, and which even those not especially 
concerned with fires or fire apparatus would do well 
to obtain. Under this head we include Mr. Braid- 
wood’s rules for jet-pipes, his experiments upon water 
supply at fires, &. 








THe Mont Cenis Tunnev.—A report by M. Desbriéres 
delegated engineer of the Mont Cenis Company, gives some sup- 
plementary information on the advancement of the works. 7 
appears that from July 1 to December 31, 1865, the advancement 
on the Bardonnéche side was 1293 ft. 4 in., and on the Modane 
side 350 ft., making a total of 1648 ft. 4in. The average rate 
of progress on each side for each of the two quarters ending 
December 31, 1865, was 410 ft. This rate of progress shows 
a considerable decline as compared with 1864, and unless the 
works advance with greater rapidity, the remainder of the 
tunnel will occupy ten years in its execution. Perhaps, how- 
ever, a less hard description of rock may be met with. 

Sream SuippinG.—The Liverpool and Dublin Steam Naviga- 
tion Company threatens to remove its ships from Liverpool, as 
the directors consider that they are not afforded adequate dock 
accommodation. Two steamers are about to be set to work to 
bring Swedish magnetic iron ore to the Tees. Messrs. Palmer 
and Co. have completed a paddle steamer, named the Constan- 
tine, for the South Finland Steam Navigation Company. 

Tue BLAKELEY OrpNance Company.—This company is 
being wound up, although a large sum has been spent upon the 
new works, which are not yet ready for opening. It is generally 
believed that the company had an order for 900,000/. worth of 
ordnance from Russia ; but we understand from St. Petersburg, 
that but one or two Blakeley guns have ever been sent there. 


RECENT ELECTRICAL PATENTS. 


Wi111aM Tomson and Cromwell Fleetwood Varley. 
Electric Telegraphs. 1865,6thJuly. No.1784.—This in- 
vention consists in an improved instrument, and method 
for working a submarine telegraph so as to obtain a 
greater number of elementary signals in a given time 
than can be obtained by any hitherto known system. 

The difficulties of working through a submarine 
line are pretty well understood, but may perhaps be 
here repeated, in order to render this patent intelli- 
gible to those not intimately connected with the sub- 
ject. When one pole of a battery, having its other 
pole to earth, is connected to a suspended land line, 
the current almost instantaneously arrives at its maxi- 
mum intensity at the distant end, as no portion of the 
electricity generated is taken up statically, .the wire 
having practically no “ electro-static capacity.” In the 
same way, directly the battery contact is broken, the 
signal at the distant end ceases. ‘I'he wire holds no elec- 
tricity, and, consequently, directly the supply from the 
battery ceases, the flow at the distant end also ceases. 
Thus signals of the very shortest duration can be sent, 
and these in rapid succession. The case is somewhat 
similar to signals sent by means of water flowing 
through and out of a trough, if we could suppose a 
trough having a capacity for holding only an inappreciable 
quantity of water, although capable ot allowing a great 
deal to pass in a given time. In the case of a sub- 
marine cable, we have a conductor which, though it 
may have no greater resistance to conduction than a 
given land line, has an enormous “ electro-static capa- 
city.” Thus, when a battery is applied, the electricity 
generated is partly taken up in satisfying this electro- 
static rwwnted 4 and an appreciable time passes before 
even a current of the feeblest strength is manifested 
at the distant end, and a considerable time would elapse 
before the current arrived at its maximum strength. 
When the battery contact is broken, the electricity 
thus stored up has to be poured out of the cable at 
both ends, and thus continues the signal at the distant 
end long after contact is broken with the battery. 
Thus signals continue for a considerable time longer 
than necessary, and thus delay the sending of the 
next. To represent the case by a trough and water, 
we must suppose a trough of the same sectional area 
as that representing the land wire, but having innume- 
rable small reservoirs laterally connected with it 
throughout its whole length, which would thus increase 
its capacity for holding water without increasing its 
capability for he passage of water. 

he first improvement in the transmission of signals 
through submarine cables consisted in sending a re- 
verse current of less power when a signal was to be 
terminated, instead of merely connecting the near end 
to earth, thus attempting to neutralise the charge, 
instead of merely allowing it to discharge itself to 
earth through the two ends of the cable. ‘This method 
was patented by Mr. Varley in 1854, but the merit of 
the invention was disputed at the Institution of Civil 
Engineers in 1857. 

It appears, however, by Messrs. Thomson and Var- 
ley’s patents, that still greater rapidity of signalling 
is obtained by sending first a current, then a reverse 
current. of equal power for a longer period to neutralise 
the first, os. then a current for a short period in the 
same direction as the first. Sometimes a still greater 
number of alternate currents are sent, up to the number 
of or 7, which are the numbers used for the Atlantic 
cable. 

The mechanism for producing this effect consists in 
an axle driven by clockwork at a uniform motion. 
Two cams, loose on this axle, revolve with it by 
means of friction gear, or are arrested and prevented 
from revolving, at will, by means of a catch, acted on 
by two levers, which constitute the sending keys. 

hen the keys are at rest, the axle revolves without 
dragging the cams with it. On pressing one of the 
— down, the cams are released and revolve with the 
axle. 

Over each cam is a straight spring which is raised 
by the uncut part of the cams. One of these is con- 
nected to line, the other to earth. When the keys are 
at rest the cams are in such a position that neither of 
these springs are raised, and they thus rest both on 
another or lower spring which is connected with one 
of the branches of a commutator. Another branch of 
this commutator is connected with a spring which the 
“line” or “earth” spring touches when raised by the 
cams, and the other two branches of the commutator 
are connected to the two poles of the battery. Thus, 
when the keys are at rest, “line” is connected to 
“earth” through the lower spring, and one pole of the 





battery is also connected to earth through this lower 
spring; the other pole being insulated. 





The depression of one of the two keys, whilst it 
liberates the cams, thus allowing them to revolve, also 
acts on the commutator. Thus one key puts the posi- 
tive pole of the battery in connexion with the upper 
spring and the negative with the lower, and the other 
key produces the reverse effect. ‘The cams are so cut 
that for the first small portion of their revolution 
neither of them acts on the two springs above them, 
thus leaving line connected to earth. With the ex- 
ception of this portion thus cut away tz doth, the éams 
are the converse of one another; that is, where one is 
cut away, the other is not. So that when one raises its 
spring above it, the other does not. Thus, when the 
line spring is raised so as to be connected through the 
upper spring with one ps of the battery, the earth 
spring is not raised, and remains in contact with the 
other pole. The cuts in the cams are such, moreover, 
that the first contact of line with battery is of a certain 
duration, the next contact is of a longer duration and 
of the reverse name, the next is of the same name as 
the first, and less than the first, the next is again re- 
versed, and is less than the third, and the fifth is re- 
verse to the fourth, and of still less duration. 


Whatever position the commutator is put into by 
the depression of one key is reversed by depressing the 
other key, and thus the order of the currents is re- 
versed. ‘That is, if the first key leaves the commutator 
so that the cams degin by sending a positive current, 
when the second key is depressed, the cams will begin 
by sending a negative current. 

A snail releasing a spring causes a click at each com- 
nag revolution, and thus indicates when the depressed 
<ey may be released and the other depressed. 

The total effect of all this mechanism is that, by 
pressing down one key, we obtain a current of short 
duration at the distant end, which, passing through a 
sensitive galvanometer (such as Thomson’s ange ef 
galvanometer), produces a single deflection or signal, 
and by pressing down the other key, we obtain a de- 
flection in the reverse direction. We have thus two 
simple signals, and these can, by reason of the effect of 
the reversals, be produced in more rapid succession 
than by any other means. 


The intensity of the current actually produced at 
the distant nd is only a fractional part of the per- 
manent maximum current, i.e., that current which 
would be produced if the battery were allowed to act 
for an indefinite period. 

On the relative duration of the successive reversals 
to one another depends the percentage of the maximum 
current which will be produced at the distant end, 
and also the rapidity with which successive signals can 
be given. Thus, the instrument shown in the specifi- 
cation drawing gives contacts of the following dura- 
tion: + 100— 156 + 80—382.5 + 26, and produces a 
current at the distant end 100th part of the maximum 
current. 

The amount of percentage of the permanent current 
best fitted for any particular cable must be determined 
by the electrician. “If the electrician determine that 
“about a one per cent. current or shock is necessary, 
“he may use the contacts of the instrument shown in 
“ the drawings, and he will adjust the working speed 
“of the machine until he finds by experiment that 
“ about one per cent, currents or shocks are obtained. 
“ Tf a five per cent. current or shock is desired, the 
** contacts may be as follows: + 0.7—1.14 + 0.7-- 
* 0.26—0.06. With this combination no earth con. 
“ nexion is theoretically necessary, so that the total 
“ duration of the signal will be 2.86; or a five per 
* cent. current may be obtained with three contacts, 
* thus: +0.7—1.05 + 0.4; earth contact, 1.0; total 
* duration, 3.15 ; or + 0.63—0.83 + 0.27; earth con- 
“ tact, 1.5; total duration, 3.23. (This last is some- 
“ what less than a five per cent. signal.) The unit is 
“ the same in each of these signals (with the exception 
“ of the one per cent. signal), so that the advantage 
* in speed obtained by using five contacts in place of 
“three is evident. For a twenty per cent. current 
“or shock the contact may be (in the same unit) 
“ 4 1.52—1.76 + 0.66. With this combination no 
“earth contact is necessary, and the total duration is 
* 3.94 units.” 

Whether these examples are intended to show that 
a theory exists by which the proper duration of con- 
tacts for any particular percentage of permanent cur- 
rent can be actually calculated, or whether they are 
merely examples deduced from the experience obtained 
in trying experimentally the best combination for the 
Atlantic cable instruments, we know not. They appear, 
however, at sight, to have little connexion with one 
another, and we do not see how an electrician is to act 
if he finds that a ¢hree or a ¢wo per cent. current is 
the best, or, indeed, how he is to “ determine accord- 
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ing to his judgment” what per-centage is the best 
without being able to produce that per centage 
for trial, and this, apparently, he has no rule for 
finding. 

The patent also includes arranging the cams, so 
that long and short signals of the same name can 
sent to represent dots and dashes. In the instrument 
we have described, the signals are of equal duration, 
but reverse to one another, and either the Steinheil or 
the Morse alphabet may be used; in the case of the 
latter, the deflections on one side representing dots and 
on the other dashes. 

Josiah Latimer Clark. 1865, 18th August. No. 
2134. Raising submerged telegraph cables —When 
winding in cables from the sea, or, as it is termed, 
“ picking up,” the strain caused by the ship lifting to 
the sea when-in deep water causes a serious extra 
strain on the cable, for either the ship must drag sud- 
denly into motion the whole of the cable hanging from 
the ship to the bottom, or the steam engine must be 
only of exactly such power that it will be overcome 
by this extra strain, and thus, reversing the motion, 
allow the cable to pay out as the ship rises. This 
latter supposition, however, even if practicable, would 
still leave a considerable extra strain, caused by the 
mere vis inertia of the “ picking-up”’ gear. 

To remedy this the inventor has a large cylinder 
fixed vertically, and reaching to the bottom of the 
vessel, and placed in a position between the picking- 
up gear and bow sheave. This cylinder is open at the 
top, and has a piston to which a large sheave, or pulley, 
is attached. The cable passes from the bow sheave, and 
over a pulley near the top edge of the cylinder, 
thence down the cylinder and under the pulley 
on the piston, and up over another guide pulley near 
the top edge of the cylinder, and thence to the “ pick- 
ing up” gear. The cylinder is connected by a pipe at 
its bottom to a large chamber, from which the air is 
partially exhausted by air pumps. The atmospheric 
pressure on the piston keeps the piston sheave down 
near the bottom of the cylinder, unless the strain on 
the cable exceeds the atmospheric pressure, when the 
piston rises, thus delivering cable into the sea as the ship 
rises. As the piston rises the vacuum is evidently in- 
creased, and the strain tending to keep the piston 
down is increased. To modify the ratio of this in- 
crease, if desired, the cylinder can be at will connected 
to one or more separate vacuum chambers. Thus the 
increase in the vacuum produced by the rise of the piston 


one foot would be much less when the additional , 1 1 t 
|“ made between the coils of the small electric machine 


vacuum chambers are connected than when they are 
stopped off. Between the piston cylinder and the 
main exhaust chamber is a valve regulated by a spring. 
It is stated that “a certain regulated degree of vacuum 
“ or pressure is maintained in the cylinder.” It is quite 
evident, however, that “ pressure,” instead of vacuum, 
couldnot beapplied to any arrangement the least like that 
shown by the drawing and described in the specifica- 
tion, although all through they are spoken of as if it 
was immaterial which was employed. A plenum would 
necessitate a closed cover to the top of the cylinder, 
and the leading of the cable throu hs a sheave in any 
way connected with the piston cout only be carried 
out by a piston-rod, which would at once halve the 
available height, and lead to various difficulties in no 
way provided for. 

he second part of the invention relates toa grapnel 
so arranged that, when the cable is caught, it is held 
tight in the grapnel, at the same time that a nipping 
arrangement cuts the cable on one side of the grapnel. 
By dredging always in one and the right direction 
across the cable, the part cut off will always be the sea 
end, no matter how the grapnel falls on the ground. 


William Peter Piggott. Electrical Telegraph 
Cables. 1865, 28th August. No. 2213.—This in- 


vention relates to improvements whereby “ the trans- 
“ mission of two or more messages or signals in the 
“ same or opposite directions simultaneously or other- 
“wise along the same cable by aid of induced 
* electricity” is attained. 

If messages are required to be sent in one direction 
only at a time, the inventor uses “ ¢wo wires of oppo- 
“site electrical properties ;” but if it be dunked to 
send two or more messages in the same or opposite 
directions at one time, then the inventor employs “ as 
“* many copper or other wires of the same electrical 
“ property as may le necessary in combination with one 
“* or more wires of an opposite electrical property.” 

We fancy there has never been any very great diffi- 
culty in making a cable which will transmit messages 
both ways at the same time, if ¢wo or more wires are em- 
ployed. The Dover and Calais cable and numerous 
others are examples ; and if messages are required to be 
sent in one direction only ata time, one wire is, accord- 
ing to ordinary telegraphy, sufficient. We do not, 





therefore, think the patentee will often be troubled 
with a request for license to use two. 

The wires of opposite electrical qualities must be 
insulated from one another, but such insulation need 
not be of that perfect character which is required for 


be | electric telegraph cables worked by the usual battery 


ower. 
4 The inventor prefers wires of copper and galvanised 
iron, either of which may form the core or the outer 
covering of the cable. 

One end of the copper wire or wires is connected 
with a receiving instrument connected to ‘an earth- 
plate of the same material. The iron wire is connected 
at both ends with iron earth-plates. To transmit a 
signal, the iron and copper are brought together at 
one end, and a disturbance of the “ induced elec- 
tricity” (why “induced” ?), causing a signal, is pro- 
duced. ‘The signal would amount to using one cell, 
and that a very bad one, with an ordinary cable. 

Various other modifications of the same principle 
are embodied in the patent. 

“« Existing cables may also be worked on the princi- 
“ple set forth, by simply connecting the iron of the 
“cable with earth by an earth-plate of the same deno- 
“mination, the copper wire being connected to the 
“receiving instrument which is connected td earth by 
“an earth-plate of the same denominstion as the wire.” 
What better earth-plate could be had than the cable, 
and what advantage there can be in adding a small piece 
of iron to many hundred tons already fully connected 
with earth, we are at a loss to imagine. The whole 
principle is, in fact, working with the very feeble 
electromotive force set up when earth-plates of dif- 
ferent metals are used at the two ends of the cable; 
and, if we mistake not, this (in our opinion very useless 
idea) was urged by an inventor under the title of 
“Terra Voltaism”—* The Globe Telegraph.” 

Richard Laming. Electric Telegraphy. 1865, 
29th August. No. 2217.—“To diminiah or repress 
retardation” in submarine conductors, the inventor 
proposes “to separate the charge from the signalling 
conduction,” by supplying an enveloping surface or 
cylinder to be “maintained in a state of charge ” out- 
side the conductor, and separated from it and from the 
sea by an insulating material. 

Henry Wylde. Electric Telegraphs. 1865, 26th 
Oct. No. 2762.—This invention relates to improve- 
ments in an electro-magnetic machine patented by the 
inventor in December Ist, 1863, for working through 
“uninsulated telegraphic cables.” “A short circuit is 


“* and the coils of the electro-magnet of the electro- 
“ magnetic machine, whenever the commutator on the 
“axis of the armature of the small magneto-electric 
* machine is at the dead point.” 

The armatures of the j onal machine are 
wound with sheet copper instead of wire. Instead of 
exciting the electro-magnetic machine by a voltaic 
battery, a thermo-battery or electro-magnetic induction 
machine may be used. 

The inventor also proposes to prevent the fouling of 
ships’ bottoms by his electro-magnetic machine. The 
patent also includes an improvement in construction 
and working of uninsulated metallic cables. In a 
former patent (2997 1861), the inventor employs 
several iron wires, laid separately, as one conductor, 
and completes the circuit by another equal number of 
uninsulated wires. In the present patent the circuit 
is completed by a “ prolonged uninsulated conductor 
“of shorter length than the main cable,” or, in fact, 
by an earth-plate in the shape of some lengths of wire. 
We should recommend Mr. Wylde to try to *telegraph 
from Dover to Calais, or Lowestoft to Holland, along 
the outside wires of the present cables. We have no 
doubt the companies owning them would be glad to 
lease the use of these outside wires for a moderate 
sum, or we should commend the laws of resistance and 
conduction to Mr. Wylde’s notice, particularly the 
laws of branch circuits. 

A Supmarine Boat.—A German, named Flach, lately tried 
a torpedo boat with success in the harbour of Valparaiso. He 
could sink and rise at will in deep water. At last he took a 
party of friends on board, and went out in 30 fathoms. He 
sunk his boat without an air-tube, line, or buoy to mark the 
spot, and after those on shore had waited for some hours it was 
found that he and his companions were lost. The boat was 
—e by a diver, five days afterwards, but it could not be 
raised, 

Tue ATLANTIC TELEGRAPH.—The shore-end was success- 
fully laid on Saturday last, and the splice was to have been 
made to the cable on board the Great Eastern yesterday (Thurs- 
day) afternoon.’ The electrical condition of the cable and shore 
end istreported perfect. The shore end of last year in the land 
trench was found to be in perfect condition. 

Tae Mranronomon.—This vessel arrived at Sheerness, in 
twenty-four hours from Cherbourg, on Saturday evening. She 
is expected to come to Woolwich before leaving for Cronstadt. 





RECENT PATENTS. 

Amone the specifications published this week are the 
following :— 

James Stevenson (a clerk in a patent agent’s office) 
patents as a communication from an Italian gentleman, 
Signor Venzano, a rotary engine formed like an over- 
shot wheel, to be turned round by the impulse of jets 
of steam; for the mere pressure of the steam would, 
of course, act both ways at once. The wheel is appa- 
rently expected to run at a slow rate, inasmuch as it 
is shown geared to a screw propeller, and is to make 
but one revolution to four of the latter. The patent 
agent who has brought out Signor Venzano’s invention 
is a “ consulting engineer.” 

The late ay (No. 2137) patented as a com- 
munication from MM. Martin, of Paris, a curious 
mode of making steel. First, the steel is to be 

uddled, and then 2300 Ib. of the product is to be 
odie up and melted with 700 |b. of cast iron, and 
the mixture then run into ingots, the ingot moulds 
being arranged in a circle, with the ladle on a radial 
balanced arm, as in Mr. Bessemer’s apparatus. What 
would be the quality of this jumble of puddled steel 
and cast iron, we leave steel-makers to judge. 


J. Bowden (No. 2152, a.p. 1865) patents the dia- 
hragm bellows, for smiths’ fires, which have already 
en extensively introduced by Moser and Sons. The 
bellows-case may be of any form, the rectangle being 
preferred, and the plate-iron diaphragm, which is 
worked up and down within it, is connected to the 
sides of the case by a narrow width of leather. The 
diaph may be worked by foot or by steam power, 
and the blast may be taken from one or from both 
sides, the blast in the latter case being continuous. 

J. Lockwood (No. 2158, a.p. 1865) patents grate 
bars of a herring-bone form, and by rocking these late- 
rally by means of a bar, they are expected to break up 
and drop whatever clinker may have formed upon them. 

D. O. Jones (No. 2162) patents an apparatus where- 
by a water-tight chamber may be formed upon the out- 
side of a ship afloat, and within which men may go 
under the bottom for cleaning or repairs. There is a 
series of timber frames supporting a broad sheet of 
india-rubber, all the edges of which are pressed tightly 
against the hull. Air is then pumped in to inflate the 
rubber, and the men are sent inside. 

D. Davies (No. 2174) patents the steam striker now 
in use at the Viaduct Works, Crumlin, and illustrated 
in Enerneertne of April 13th last (p. 236, vol.i.). We 
gave on that occasion a full account of the construction 
and advantages of this machine. 

W. E. Newton (No. 2178) patents tubes for finding 
water in ground of such lightness that the tubes may 
be driven down by blows. The tubes are of wrought 
iron of moderate size, shod with a steel point at their 
lower end. Near this point the tube is perforated with 
holes to admit water, which is then to be pumped up 
from the interior of the tube as from a well. ere is 
a sort of shield around the lower end of the tube to 
prevent the holes from choking with earth, sand, &c. 


G. W. Howard, of the United States, patents (No. 
2185) an application of the principle of the common 
gas-holder to the storage and carriage of petroleum, 
naphtha, and other oils lighter than water. There are 
two vessels with a water-seal between them, exactly 
like that of a gas-holder or the lid of a gas-purifier. 

C. A. Watkins (No. 2187) patents apparatus for 
carrying out the idea, often proposed, of charging 
casks of beer, cider, and other fermented liquors, with 
carbonic acid to replace the liquor drawn out, and 
thus by catiating air to prevent souring. 

Monsieur de Massas (No. 2196) patents apparatus 
for removing the stray fibres from ginned cotton seed, 

reparatory to its being ground and pressed for oil. 

he apparatus is designed to brush the fibres from the 
seed. This could not, we believe, be so easily effected 
with the green New Orleans seed, which must, we 
think, be removed by chemical rather than mechanical 
means, or possibly the seed might be singed without 
injury to the oil within. We throw out the idea, not 
knowing whether it has been tried. It is most de- 
sirable to remove the obstinate woolly coat from the 
green seed, as it not only absorbs and wastes much 
oil in crushing, but it is highly dangerous in respect 
of its liability to spontaneous combustion. 

John Symmons, of Wolverhampton, patents (No. 
2197) machinery for making horseshoes. 

H. A. Bonneville (No. 2205) patents a rack and 
pinion cotton-press with a wrought-iron rack. 

S. T. Jones (No. 2209) patents the use of cork in 
the construction of submarine cables, for the purpose 
of giving them increased buoyancy. This, we think, 
has been very often proposed. 

A. V. Newton (No. 2211) patents, as a communica- 
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tion, an automatic apparatus for feeding boilers. It is 
a close cistern which is first filled from an external 
source, and, the supply being then cut off, is then 
placed in communication with the boiler. The inven- 
tion consists in the details whereby these operations 
go on automatically. 

R. Hobbs Taunton, of Birmingham, patents (No. 
9212) a neat form of ratchet brace which is coming into 
extensive use, and which we shall illustrate in our next 
number. 

George Robinson, of Kingswinford (No. 2215) pa- 
tents moulds for casting pipes, retorts, &c. The iron 
flask is made in two halves, within which are placed 
short hollow cylinders of loam, placed end to end, so 
as to make up the length of the mould, the core being 
afterwards set by entering it from the end of the 


mould. , 
Wm. Clark (No. 2223) patents, as a communication, 
a curious contrivance which, we believe, has been 

atented before, as a substitute for the paddle-wheel 
for propulsion. If the reader will imagine the arrange- 
ment of the wheels of a six-coupled locomotive engine, 
and suppose each wheel to have a three-throw crank 
arm, with three sets of coupling rods, working upon 
pins 120 degrees apart, he will have a notion of this 

addle-wheel or system of wheels. Each coupling rod 

as a number of vertical paddles on its under side, and 
these are to dip into the water, and thus propel the 
vessel ! 

White and Chamberlain (No. 2224) patent an ingeni- 
ous metallic belt-clip to take up the stretch of belts, 
although the amount of stretch which it would take 
up would not be very great. Two pins on one half of 
the clip are drawn together by two scroll grooves 
formed in the other. 

Wm. Brookes (No. 2226) patents an arch bridge, of 
which the arches are formed of a series of tubes in the 
direction of the curve, with a system of diagonal 
bracing between them. Rolling ends are to be formed 
at the bearing of each arch upon the abutments, to 
permit of the free motion due to expansion, and a 
circular keystone, if we may employ the term, is to be 

laced in the crown of the arch with the same purpose. 
We have mentioned that, in the case of the Severn 
bridges, which we lately illustrated, they have rolling 
bearings at the ends, but that the arch is not found to 
work around them, however much it may rise and fall 
in expanding or contracting. 

J. C. Green (No. 2227) patents railway wheels with 
inside and outside flanges, the outer flange being 1 in. 
or more clear of the rails, and intended only as a 
security against accidents. The crossings and points 
are all to be changed to suit the new plan, which would, 
we fear, cause more accidents than it would prevent. 

In addition to these patents, there is a series relating 
to telegraphs, which we have noticed separately in 
another column. 








Soprom.—With reference to a recent explosion, Messrs. 
Johnson, Matthey, and Co., of Hatton-garden, manufacturers of 
“ sodium amalgam” for extracting gold and silver ore, write to 
say that it cannot possibly explode, whether exposed to fire, air, 
or water, and that the explosion lately attributed to it could have 
been that of sodium only. 

THE Ciype WorkKMEN.—It is anticipated that another lock- 
out will be declared upon the Clyde in consequence of the con- 
ditions insisted upon by the men before returning to their work. 
While this is the state of affairs on the Clyde, the shipbuilders 
of Newcastle have just passed a resolution recommending the 
iron shipbuilders on the Tyne, Wear, and Tees to reduce, on 
or before the 1st of August, the wages of their platers, rivetters, 
and all other iron-workers to the extent of 10 per cent., the 
labourers’ wages to be reduced 5 per cent. The strike in the 
Scotch iron trade still continues, and at least 60 blast furnaces 
have been damped out during the last two weeks. As each 
furnace can turn out 25 tons of iron De day, the iron market 
%#s00n likely to be famished. Many of the men on strike have 
obtained work elsewhere, but very few have yet resumed work 
onthe masters’ conditions, 

Tue Maraura.—The New Zealand and Panama steamer 
Mataura was tried on Saturday between the Mouse Light and 
the Nore. The vessel was built by the Millwall Ironworks Com- 
pany, and is 305 ft. long over all, 285 ft. between perpendiculars, 
35 ft. 6 in. beam, and 26 ft. 9in. deep. Builders’ tonnage 1767 ; 
nomjnal horse-power 400, indicated 2300. With 1000 tons of 
dead*weight on board she averaged 13.048 knots. It is expected 
that by.the new monthly mail service in continuation of the 
present line of packets between Southampton and Colon (Aspin- 
wall), the distance between England and New Zealand will be 
shortened by nearly 2000 miles as compared with the route via 
the Isthmus of Suez. The voyage from Southampton to Wel- 
lington (New Zealand) will be accomplished in 49 days, and that 
between Panama and Wellington in 27 days, no call being made 
for coal at any intermediate port. 


THe New Live To Bricuton.—The London, Chatham 
and Dover and South-Eastern Railway Companies’ Bill for the 


new line to Brighton via Lewes has passed the second reading. 


in the Lords. Lord Redesdale opposed it on the ground that 
there was a breach of standing orders, in the fact that the chair- 
man of one of the companies has sent out stamped proxies in 
summoning tue shareholders to a Wharncliffe meeting! 





BREECH-LOADING FIREARMS. 
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Durine the past few days there are few subjects which have 
been more generally discussed than the performances of the 
Prussian needle gun in the recent engagements between the 
Austrian and Prussian troops. The needle gun was invented in 
1830, by M. Dreyse, a gun and percussion cap manufacturer of 
Soémmerda ; and after a laborious and extensive series of experi- 
ments had been carried out with the assistance of the Prussian 
Government, and many improvements made in its construction, 
it was introduced into the Prussian army in 1848. Inconstruc- 
tion it is similar to the gun known in this country as ‘ Sears’s 
needle gun,” which was really invented by Dr. L. Kufahl, who 
brought it with him to England in 1849, and which was after- 
wards patented, in 1850, in Mr. Sears’s name, as a communication 
from Dr. Kufahl. Of one form of this gun we give a section in 
the above engraving. The barrel, B, is screwed at its rear end 
into a tube, D, which is carefully bored out to receive the sliding 
plug, EK. Between the points d and e, the upper part of the 


tube, D, is sufficiently cut away to allow of the introduction of 


the cartridge, and from the point e to the rear end is cut a slot, 
in which slides the square base, 7, of the handle, g, belonging to 
the plug E. The plug, E, is secured against the end of the barrel 
by thrusting it forward into the position shown in the engraving 
and then turning the handle down to the right. When it is thus 
turned down, the square part, 7, of the handle bears against the 
edge, e, of the opening through which the cartridge is introduced, 
this edge being slightly bevelled, so that it forces the plug tightly 
up into its seat. The front end of the plug, E, is bored out to fit the 
conical end of the barrel at a, and it is also furnished with the 
brass ring 7, which assists in forming a gas-tight joint. At the 
front end of the plug is also formed the back cliamber, &, which 
contains the needle guide, 7. At the rear end the plug contains 
the spring tube and main spring, which encircle the needle- 
bar, n, the latter carrying the needle, 4, The main spring bears 
at one end against a shoulder in the spring tube, and at the 
other against a nut, 0, on the needle bar, the nut being furnished 
at its under side with two teeth, which work through a slot cut 
in the under side of the spring tube. The foremost of the teeth 
just mentioned is caught by the catch, X, when the gun is on full 
cock; when it is on half-cock, as shown in the engraving, the 
catch takes hold of the second tooth, which is undercut as shown. 
The arrangement connecting the lever, X, with the trigger, G, will 
be understood from the illustration, without further explanation. 
A slight spring serves to press the catch down upon the 
trigger gear, and to keep it in contact with the teeth on the 
nut, 0. On the top of the spring tube is placed the spring, r, 
which is bent up at the rear end, as shown at N, soas to project 
above the tube, D; the part so bent up being protected by the 
projection, W, on the spring tube. The spring, r, carries a 
couple of catches, S, which serve to hold the spring tube in its 
required position, as will be explained presently. 

fhe manner in which the gun is worked is as follows:— 
Supposing the gun has been just fired, the parts will 
be in the ition shown in the illustration, except 
that the handle, g, will be turned down to the right of the 
barrel, and, the main spring being released, the needle will be 
projecting beyond the needle-guide. To load the gun the 
spring, 7, must be pressed down by means of the projection, N, 
and the spring barrel then pulled out as far as possible, 
the extent of its motion being limited by a small screw inserted in 
it, and working in a slot. When the spring tube is thus drawn 
back, both the catches, S, will be seen outside the breech-tube. 
The sliding breech must next be unlocked by turning up the 
handle, g, into a vertical position, when it can be drawn back 
leaving the opening in the breech-tube clear for the insertion of 
the cartridge. The latter must then be inserted and forced 
well home into its place, and the loading hole again closed by 
pushing forward the sliding breech and locking it by turning 
down the handle to the right. After this the spring-tube must 
also be pushed quite home into the sliding breech, and the gun 
is then ready for firing. If it is wished to bring the gun to 
half-cock only, the spring-tube, instead of being pushed right 
home, is pushed in only until the first of the catches, S, falls 
into the recess in the sliding plug; the trigger is then drawn 
and the tube pushed right in. ‘To bring the gun from half to 
full cock it is only necessary to draw out the spring-tube to its 
full extent, so as to uncover both catches, and then to force it 
home. When the gun is fired, the spring is released and the 
needle is projected forward by its action, piercing the cartridge 
and striking and igniting the fulminating material contained in 
it. A very complete account of several forms of needle gun 
was published in the Practical Mechanic's Journal in 1852. 

Another form of breech-loading gun, of which we give an 
illustration, is that patented by Messrs. Remington, of Llion, 
United States. In this gun provision is made for locking the 
hammer whilst the arm is being loaded, so that the trigger can- 
not be moved until the end of the bore is properly dani by the 
breech-piece. The manner in which this is done we shall be 
able to explain from the figure, in which the gun is shown nearly 
at full cock. A is the stock of the gun, and B, the barrel, the 
latter being bored right through and having its rear end closed 
when ready for firing by the breech-piece, D, which is pivotted 


SSS 








one 
ee 
— 








at b. The hammer C is pivotted at a, and the trigger E at c. 
To prevent the trigger from being moved until the end of the 
barrel is closed by the breech-piece, two arrangements are ap- 
plied. The first consists of a pin or arm, ¢, fixed on the end of 
the trigger spring, and pointing in the direction of the pivot, d, 
so that when the breech-piece is thrown back, that part of it 
marked g will rest against the upper end of the arm e, and so 
press the spring, 7, down upon the heel, h, of the trigger and pre- 
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vent the latter from being moved. Under these circumstances 
the sear of the trigger, of course, cannot be raised out of the 
full-cock notch, and no premature flying up of the hammer can 
take place. 

In case the arm, e, should be broken or removed, the locking 
of the hammer is effected in another way; a projection, 2, 
being formed on the hammer, which under certain conditions 
catches in a recess, I, in the breech-piece as shown in the figure. 
From this it will be seen that the hammer can not fly up, 
until the breech-piece is closed up to the rear end of the barrel, 
and this could not be done without great force. To release the 
breech-piece it is necessary to draw back the hammer to full 
cock, when it is held by the trigger, the sear of which falls 
into the full-cock notch, 8. When the gun is fired the hammer 
falls upon a projection on the side of the breech-piece, and sup- 
ports the latter during the discharge of the gun. In a recent 
trial, one of these guns was fired 20 times in 75 seconds, then 20 
times in 71 seconds, and finally 20 times in 69 seconds. As re- 
gards breech-loading rifles for our own army, we may mention 
that the Marquis of Hartington, some weeks ago, ordered the 
conversion of 20,000 Enfields, and that of 30,000 more just be- 
fore leaving office. General Peel, his successor, has given 
orders for the conversion of an additional 50,000, and tenders for 
the performance of the work have been advertised for from 
private firms, 








THE CHANNEL TUNNEL. 


WueEn it has been definitively ascertained that the 
chalk is continuous, as there ‘is every reason to be- 
lieve it is, under the bed of the English Channel, 
there cannot be serious doubt that it may be tunnelled 
at a cost which, as engineering works go now a-days, 
would not be considered excessive. Working beneath 
the sea is by no means a new thing. Some of the 
Cornish mines, that at Botallack, for example, extend 
for considerable distances under the sea, and the 
miners can actually hear the roar of the waves over 
their heads when at work, yet no water comes in, or 
none at any rate, beyond the ordinary pumping capa- 
city of the mine. In Durham and Northum he it 
isknown that the coal strata extend beneath the German 
Ocean, and it has long been considered as quite feasi- 
ble to raise the coal from beneath the sea. At Chicago, 
United States, a tunnel two miles in length is being 
made under the bed of Lake Michigan, which is there 
sixty miles across, and of considerable depth ; the tun- 
nel being carried — out at right angles to the 
shore, to obtain a supply of pure lake water for a city 
now numbering 250,000 inhebitants, 

The mere superincumbent weight of the deepest 
water in the Channel is equal only to that of 60 or 
70 ft. of rock, and as weight merely it, of course, 
makes no different to the security of a tunnel carried 
through solid chalk at some depth beneath the bottom. 
The only fear would be in the sudden irruption of large 
volumes of water through some previously undiscovered 
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fissure. Such a fissure, if it occurred in compact 
chalk, would appear to be necessarily attributable to 
volcanic action, and itis for geology to point out 
whether we may rely upon the deposited beds of chalk 
having remained till now undisturbed by such action. 
If sucha fissure were met, it would be impossible to 
keep down the water by any amount of pumping, and 
the northern miners know to their cost what that means, 
even when working under dry land. Thus, in the 
Murton colliery, some twenty-five years ago, 9000 
gallons of water per minute required to be pumped 
from the friable sandstone and magnesian lime- 
stone, and this at a depth of 540 ft. Nearly 1600 
horse-power were required for pumping. 

We believe, however, that when a plan for a tunnel 
beneath the Channel is seriously brought before the 
public, with the weight of Mr. Hawkshaw’s name, it 
will be shown, first, that the occurrence of deep 
fissures in the chalk under the bed is contrary to al 
geological evidence, second, that such fissures, if they 
existed, could be “ sounded” at a considerable and a 
safe distance ahead of the tunnel, and, third, that a 
water-tight tube could nevertheless be carried directly 
through them. 





NOTES ON BOILERS. 

Tue concurrent testimony of those who have employed fans 
or blowing engines, for promoting combustion in steam engine 
furnaces, is that the forced draught causes a considerable waste 
of coal. 

In a recent enumeration made in the South Wales iron district, 
the works of thirty firms were ‘nnd to have upwards of 1800 
ateam boilers at work. 

The boilers of the West India Royal Mail steamships, accord- 
ing to the authority of Mr. Pitcher, of Northfleet, last on an 
average but six years, 

At the Phoenix Ironworks, Phoenixville, U.S., are three plain 
cylindrical boilers, each 0 it. 8 in. in length, and heated by the 
waste eof the blast furnaces, carrie! through a brick flue 
for wpwards of 100 ft. 

The old notion that the three-legged tea-kettle bpiled soonest 
was correct, because the legs conducted heat more rapidly than 
the plane surface. , : 

The Admiralty marine-engine contracts - for .68 of a 

re foot of grate and for 18 square feet of heating surface 
per nominal horse power. : - 

Gum catechu is extensively used in the United States for re- 
moving seale from the interior of locomotive beilers. It is found 
not to injure the boiler or tubes in the least. : 

The heat-transmitting power of boiler-tubes has been consider- 
ably inereased by cutting their exterior surfaces into ridges like 
screw-threads. g ‘ 

The boilers of several of the Collins mail steamships had two 
grates superposed, one above the other, in the same farnace, 
~ The Giffard injector will commence working, throwing a. jet of 
water into a Jocomotive boiler, when the pressure of steain isso 
low as to be incapable of blowing the whistle. It will often start 
when the steam gauge pointer stands at zero, although, of course, 
in such case, the gauge cannot be cerrect in its indications. Few 
high-pressure gauges, indeed, can be depended upon, to a pound 
or 80, at the commencement of the scale. : 

Many American locomotives have iron tubeplates {; in. and, 
in some cases, only }in, thick @t the firebox end, cast-iron 
ferrules being used. No ferrules are ever used at the smokebox 
ends of the tubes in American engines . ; 

Boilers are often worked at a saltness of four thirty-thirds, or 
at twice the density commonly regarded as svfe. 

Mr. William H. hae patented a revolving boiler on the 14th 

1825. 
Rb woter heating apparatus has been suddenly and violently 
collapsed on the sudden admission of cold water while the ex- 
haust steam was passing through. ‘ ; : 

Professor Miller bed stated that water, entirely deprived of 
air, may be heated in “the open air to 360° before boiling, and 
that ebullition is then explosive. f 

With feed water, containing mineral matters in solution, the 
Giffard injector incrusts in the annular water passage around the 
steam nozzle. i 

The late Mr. J. U. Rastrick once cast sémpe iron, cylinders 
8 ft. in diameter and 8 ft. long, wherewith. te‘constfuet: a cast- 
iron high-pressure steam boiler. After a thunder storm these 
eylinders cracked, with a loud report, from end to end, Mr. 
Rastrick was disposed to attribute tais result to the fact that the 
castings were made, without mixture, from a single brand of 
iron, and he afterwards cast similar cylinders from mixed irons, 
and with complete success. } 

xygen and hydrogeg ——, by the electric spark when 
mixed with five times heir bulk of steam, A mixture of air 
and carburetted hydrogen requires a third steam to prevent its 
inflammation. : 

‘The whole ordinary pressure upon all the internal surfaces of 
a locomotive boiler of the largest class (including the tubes) is 

15,000 tons. 4 ; 
ame experiments recorded in Mr. "). K. Clark’s “ Recent 
Practice,” it appeared that a single-rivetved seam in } in. plates 
was only 40 per cent, as.strong as the -vhole plate, or 20 per 
cent, as strong ag a solid plate 1 in, thick; a similar seam of 
yx in. plate was 50 per cent. 25 strong as the whole plate. or 
nearly 22 per cent, as etvong as a solid plate 1 in. thick, whilst 
a similar seam of 2 in. iron had 60 per cent. of the strength of 
the whole plate, or 224 per cent. of the strength of a solid 1 in. 

late, the fin. iron, when rivetted, being actually stronger than 
Fin. iron similarly rivetted ! : ; 

Messrs. Brande and Cooper, of the Royal Mint, ascertained 
that when steam is passed 
the rate of 15 gallons of water (1501 
coke, a great part of the steam vscapes decomy 
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b. of steam) to one ton of 
ition. 
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dinal seams of their locomotive boilers. 

The earlier Cunard steamships, with the exception of the 
Persia and Arabia, have flue boilers. These boilers have lasted 
ten years. 

ydrogen gas, the presence of which has been so often 
suggested in boiler explosions, is not explosive, and, by itself, it 
is absolutely uninflammable. It can only burn silently when 
allowed to mix gradually with oxygen, and can only explode 
when it has been previously mixed with nine times its weight of 
oxygen. 

On the Paris and Orleans Railway the boilers of many of the 
locomotives are of an oval section, being 3 in. or 4in, greater in 
their vertical than in their horizontal diameter. 

In the experience of the officers of the Manchester Asso- 
ciation for the Prevention of Steam Boiler Explosions, one 
boiler in eight is found to become defective, every year, from 
corrosion alone. 

In several cases of boiler explosion the contents of the boiler 
have been observed to rise in a cloudy mist, showing the 
minute subdivision of the water by the disengagement of its con- 
tained steam. 

Some of the largest boilers in use in the ironworks in Staf- 
fordshire are vertical, 10 ft. in diameter, 30 ft. high, and have a 
4 ft. flue from top to bottom. 

The pressure of the air upon the safety-valves of stcam boilers 
varies with the pressure of the air upon all other objects, When 
the barometer is high, therefore, a boiler, of which the safety- 
valve is weighed to a given pressure, will work stronger steam 
than when the atmospheric pressure is lower. 

If a body of cold water were to be suddenly thrown into the 
steam space of a boiler at work, so as instantly to condense the 
steam, there is reasun to believe that explosion would imme- 
diately take place. 

A water tube-boiler, through which an artificial circulation of 
water was maintained by means of a pump, was tried iu 1861 at 
Messrs. Hawthorn’s works at Newcastle. The boiler was worked 
night and day for 14 days, under a pressure of 80 lb. per square 
inch, and with water containing ,'; or 15 per cent. of salt. At 
the end of the trial the lower tubes were fonnd to be incrusted 
only jy in. thick, whilst in the upper tubes hardly any scale was 
perceptible. 

In a locomotive boiler fitted with one of Baillie’s 12in. safety- 
valves, 80 cubic feet of water were evaporated in one hour, and 
discharged, as steam, through the safety-valve without raising 
the pressure above 76 lb. per square inch, the valve having been 
originally loaded to 64 Ib. 

Glass gauge tubes for steam boilers are seldom used in the 
United States. Gauge cocks are still relied upon, and occasion- 
ally as many as seven are applied at different levels to a locomty- 
tive boiler. ‘ 

Iron plates taken from a boiler which had exploded after 
fifteen years’ use have been tested to a strength of 27 tons per 
square inch. 

A remarkable proportion of evaporation to the extent of heat- 
ing surface ashivel wae reported by Mr. Daniel Gooch, jn 1845. 
I'he engine Ixion, having 97 square feet of firebox surface and 
135 tubes, 2in. diameter and 10 ft. 3in. long, presenting 724 
square feet of exterior surface, evaporated 2004 cubic feet of 
water pet hour. This is about twice the usual evaporation per 
unit of heating surface. 

Many of the cylindrical boilers employed in Cornwall weigh 
one ton for each cubic foot of water evaporated per hour; a boiler 
working up to 100 indicated horse-power (evaporating 50 cubic 
feet hourly) weighing 50 tons. t 

The steam-jet was applied by Mr. Goldsworthy Gurney, in 
1824, to increase the draught in steamboat chimneys. In 1826, 
Mr. Gurney applied the jet to increase the draught in the 
chimney of his road locomotive. Trevithick had discharged the 
waste steam - the chimney of his locomotive (but not as a jet) 
as early as 1804. 

Boiler scale has been successfully removed in the following 
manner:—One door of the boiler is taken off. A steam-pipe 
containing highly superheated steam is introduced; the steam 
acting upon the saline deposits on the surface of the tubes, 
and other parts of the boiler, expands and disengages it from the 
several parts. After this the boiler is again filled with water, 
and steam got up in the usual manner, and kept up for a few 
hours, and on afterwards blowing off the boilers they are found 
to be as free from scale as when first made. 

A “tcup surface boiler,” with an ingenious provision for secur- 
ing the circulation of the water in the cups, was patented by 
Jacob Perkins in July, 1881. The cups were applied, as was 
stated, for the purpose of increasing the heating surface. 

In the flue-plates of American boilers internal flanges: are 
turned on the plate for tubes as small as 5 in. in diameter—a test 
which only very tough iron would bear. 

The plates of a boiler which exploded at Tipton had become 


Messrs. Beyer, Peacock, and Co. frequently weld the longitu- 
bo 


very much reduced in thickness, and on one piace for a space of 
Gin. in width the thickness was only .',th inch. 
With large and heavily werled engines there is a disturbance 


of the pressure in the boiler at every stroke of the piston. A 
sensitive steam gauge will always show this to be the case. 

In some cases, Mr. Longridge 'ias found that where the upper 
plates of steam boiler furnaces had become unéovered, the heat 
communicated to and through the steam was such - that 
the lagging on the ontside of the boiler became charred. 
Mr. Longridge has stated that this has o¢¢urted whilst the pres- 
sure of the steam was at no time abové 1#lb. per square inch: 

In many cases there is a sudden inerease of pressure in steam 
boilers immediately after starting the engine. This eccurs, no 
doubt, from the ascent of water upon some of the plates which 
have-beén heated beyond their proper temperature, as well as 
from the gudglen conversion of water into steam by being raised 
in a divided4state into intimate contact with steam already 
superheated, 

The eonibustion chamber, as applied by Mr. McConnell and 
others to locomotive boilers, was patented June 2nd, 1846, by 
Messrs. Stubbs and Grylls, of Llanelly, South Wales. 

a\ boiler, 3 ft. in diameter, with plates of 2 in. iron, will burst 


retort containing red-hot coke, at, at a pressure of 708 Ib. per square inch. 


Cast-iron boilers were formerly extensively employed, and at 
the present time many boilers at work on the island of Cuba and 
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elsewhere have flat cast-iron ends, although the boilers of 42 in, 
diameter are worked under a pressure of from 60 1b. to'80 1b. 
per square inch. : 

In a boiler which exploded at the Atlas Works, Manchester, 
some of the j yen were afterwards found to have a strength no 
more than 43 tons per square inch, the strength of the other 
plates being upwards of 20 tons per square inch, 

In the,boilers of steam fire engines in which only small quan- 
tities of feed water are carried, steam has been raised in less 
than four minutes. 

When locomotive boilers explode, the engine is seldom thrown 
from the rails unless the roof of the firebox is crushed down, so 
that the discharging force of the steam lifts the hind end of the 
engine. 

Angle iron is not employed, cither in Francg.gr in the United 
States, in the construction of locomotive boile ; 

In deep and narrow water spaces, surrounding the furnaces ot 
steam boilers, the water is often converted into steam faster 
than it can be replaced in the ordinary course of circulation, In 
such cases, although a gauge cock might show a sufficient total 
height of water in the boiler, another cock tapped into the 
water space at some distance helow would discharge dry steam 
only. F 

In Bury’s early locomotives the apparent level of the water often 
rose 8 in, or 10 in, on starting, so great was the foaming conse- 
quent upon the limited steam room and the form of the boiler. 

Mr. Isherwood proposes to make the upper tubes of -multitu- 
bular boilers of less diameter than those lower down, to faci- 
litate the circulation of the water and the disengagement of 
the steam. 

Iron boiler tubes in steam vessels deteriorate very fast when 
the vessel is laid up; and it has been proposed to take ott the 
tubes when the vessel is taken iny-resetting them whenever & is 
to be got ready for sea. f 

The seventh division of James Watt's patent of 28th April, 
1784, describes @ steam carriage intended ‘probably for common 
roads, The boiler was to be of wood strongly hooped to prevent 
bursting, and having an internal metal vessel containing the 
fire. 

The application of felt to the outside of marine boilers has 
been sometimes found to accelerate their internal corrosion. 

Not only is the resistance of tubes to collapse inversely as 
their length, but the resistance of cylindrical boilers to rupture 
from internal pressures bears some proportion, although con- 
trary to that of their length. A cylindrical boiler, when ‘sub- 
jected to gradually increasing pressure, yields first at the middle. 
It is believed by many that the strength of cylindrical -boilers 
would be very considerably increased if hoops were shrank at 
intervals around them. i 

As Learing upon the probability of steam. boiler plosions by 
the admission of water upon heated iron, a simple ona iment 
will show that the heat contained in a given mass of red-hot 
iron is insufficient to convert, any part of its own weight .of 
water into steam. A pint claret bottle may, when filled with 
cold water, be safely held in the hand whilst a red-hot poker is 
thrust into it. If care is taken to keep the hot iron from actual 
contactewith the glass, the bottle will ‘not be cracked, ‘arid’ there 
will be no disengagement of steam. : 

It is 4 somewhat remarkable fact that the boilers of sea-going 
steam vessels very seldom explode, Considering their number 
their size, their continuous working for many days together, and 
their liability to incrustations, such boilers might be expected 
to explode frequently. 

In some of the locomotive boilers made by Mr. Allan, of the 
Scottish Central Railway, the firebox is a cylindrical continua- 
tion of the barrel of the boiler, and is wholly surrounded bya 
water space with the exception of an opening, like a man-hole, 
for the admission of air to the internal grate. 

Dr. Ernst Alban at one time worked a steam engine, in Lan- 
don, to a pressure of 1000 lb. to the square inch. 

Steam boilers constructed of wood were at one time employed 
to some extent. 

Cutch or gum catechu, which contains a very large propor- 
tion of tannic acid, has been used for removing boiler scale. It 
is gffective, but it is not settled whether it acts on iron. f 

Professor Rankine estimated the evaporation of water, per 
pound of coal, in the boilers of the steamer Thetis as. 13.78 lb. 

There are instances of marine boilers having fire bars 9 ft. 
long, a length which no stoker can properly cover with coal. 

In a discussion on steam boilers at the Institution of Mechani- 
cal Engineers, Mr. D, Adamson stated that he knew of- fnany 
boilers 7 ft. in diameter working at 1001b. pressure, and one of 
that size was worked at 150 Ib. Mie 

The Giffard injector, when supplied with steam of 25 1b. per 
square inch from one boiler, has forced water into another boiler 
against a pressure of 48 lb. per square inch. 

When steam is blowing violently from the safety valve of a 
boiler, the water is likely to foam very much above its true level, 
and it will often come out of gauge cocks placed several inches 
ud even, in some eases, 2 ft. above that level. ae 


Tue Crewe Works.—Captain F. W. Webb was presented, 
on leaving Crewe, on Saturda week, with a large handsome 
centre piece of silver, gilt in relief and suitubly inscribed, as a 
testimonial from the officers and foremen at the Crewe works. 
Mr. Webb first went to Crewe fifteen years ago as a pupil under 
Mr. Trevithick, On Mr. Ramsbottom’s accession, nine years 
ago, Mr. Webb became manager, and held that important post 
up to the time of his recent retirement to join the Bolton Steel 
Company. Crewe now contains a population of 13,000, of whom 
3500 are engaged in the railway engine, steel, and iron works. 
One hundred new locomotives are turned out yearly, and fifteen 
have been made in a single month. Captain Webb has been a 
most popular manager, having shown great energy, high pro- 
fessional talent, and excellent judgment in the management of 
large bodies of men. 

RAINFALL.—The rain at Malton, for the-first six months of 
the present year, was nearly 12in. During thd same period of 
1865 it was 9} in. { 

Tue Mrppie-Leve Case.—The cases growing out of the 
Mid-level inundatiorf of 1862 are tobe settled at last by arbi- 
tration, certain legal preliminaries to be first disposed of. 
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IRRIGATION IN INDIA.—IITI. 


Tse funds with which most of the works of irri- 
gation in India have been carried out by Government 
were obtained from surplus revenue, and during the 
last five years the amount allotted for such works 
has averaged 465,000/. per annum, of which 240,000/. 
has been for new ou and 225,000/. for repairs. 
Now, the utter adequacy of such sums to carry out, 
with proper activity, works of irrigation on any but 
the smallest scale is too apparent to need any argu- 
ment in its proof; the two most expensive works 
of their kind yet undertaken in India—the Ganges 
and Baree Doab Canals — were both executed with 
borrowed capital, and their construction took place 
during a time when there was a loan constantly open, 
without which resource they could never have been 
carried on at all, neither would it be possible, even 
now to construct any very extensive irrigation work 
—and there are plenty of schemes for such works 
already before Government, which have from time to 
time been submitted for sanction—without having 
recourse to some means, other than those usually 
adopted, for obtaining the necessary funds, unless, in- 
deed, all works of improvement of a similar charac- 
ter, required in other parts of India, were for the 
time suspended, and the whole available surplus 
allotted for new irrigation projects devoted to one 
new work ; but as this would « to withhold tempo- 
rarily any extension of the irrigation system through- 
out the remainder of the empire, and to benefit one 
district at the expense of all the others, such a course 
would be as impolitic as impracticable, and it is ob- 
vious, therefore, that some other plan must be hence- 
forth pursued, and other means adopted for obtaining 
the necessary funds, before any schemes for the sys- 
tematic extension of irrigation works in India can be 
seriously entertained. 

Sir Arthur Cotton, in the little work published by 
him in 1854, entitled “Public Works in India,” to 
which we have referred in a former article, contrasts 
the state and condition of two districts, one of which 
had been liberally furnished with irrigation works, 
while the other had been neglected; thus, he states, 
the district of Tanjore is taken care of, irrigated, pro- 
tected from floods, drained, and provided with common 
roads (though not with better communications), and 
the revenue steadily rises till from 300,000/. it becomes 
500,000/. a year; the population increases from 70,000 
or 80,000 to 150,000, and the land reaches a saleable 
value of at least four millions sterling, equal to twenty- 
four millions in England. In the district of Guntoor all 
such works are utterly neglected; and in one year a 
famine occurs which sweeps away 250,000 people out 
of 500,000, and causes a loss of revenue in the next 
ten or twelve years of 800,000/., while not an acre of 
land is saleable. The sole cause which has made this 
difference between these two districts is the different 
degrees of attention given to public works. In 
another part Sir Arthur asserts that it is not the ruin- 
ous wars that have kept India poor, but the most un- 
accountable neglect—a neglect the more extraordinary, 
because it is not endured for a moment in other things. 
India is like the field after an Indian battle ; there is 
but one ery, “ Water, water.” All that is wanted is 
water, and this want supplied, everything else will 
almost follow of course. Water for irrigation, and 
water for transit, will provide for everything else. 
Water is the universal solvent, and can solve that 
which has puzzled all the Indian wise men from Lord 
Cornwallis down to the present time, viz., the Revenue 
Settlement question.“ It has solved the question in 
Tanjore, the only district where it has been tried. 

With such evidence before one of the immense ad- 
vantages consequent on the extensive diffusion of irri- 
gation works in India, who would not say that the 
construction of such works, wherever practicable, in 
India, must prove the most profitable investment of 
capital that a Government could make ?—for with their 
material advancement an improvement in the moral con- 
dition of the people has also invariably been found to 
take place. 1t would be, of course, extremely difficult 
to form any trustworthy estimate of the probable sum 
that could usefully be spent on irrigation works within 
a limited period, having in view their systematic ex- 
tension all over India; but it will facilitate the appre- 
hension of the subject if a rough computation of the 
amount be made, so far as it is pa todoso. The 
following, then, has been stated by Colonel R. Strachey, 
the late Secretary to the Government of India in the 
Public Works Department, as a possible list of re- 

uirements. In the Punjab—completion of the Baree 

oab Canal 500,000/.; Sutlej Canal, 2,000,000/. ; 
improvement of the Western Jumna Canal, 250,000/. ; 
supply of Jumna and Cuggur water to Bhuttee terri- 





tory, 250,000/.; inundation canals from the Sutlej, 
250,000/.; Chenab Canal, 2,000,000/.; canals, &c., in 
Sindh, Saugor, Doab, and Trans-Indus, 1,000,000/. In 
the North-Western Provinces and Oudh—completion 
of the Ganges Canal, 7 50,000/.; canals in Rohilkund, 
500,000. ; dam on Jumna below Delhi and canals from 
it, 750,000/.; canals from Sarda and Gogra, 4,000,000/.; 
works in Bundlekhund, 500,000/.; canals from the 
Tonse,250,000/. In Bengal—North-Western Districts, 
north of the Ganges, say, 1,000,000/.; Western Dis- 
tricts, 1,000,000/. In British Burmah—canals from 
the Irrawaddy and minor streams, 1,000,000/. In 
Madras—extension of works generally, say, 5,000,0002. 
In the Central Provinces—minor works generally, 
1,000,000. In Bombay—canals in Sindh, 4,000,000/. ; 
and canals in Guzerat and the Deccan, 3,000,000/. 
Thus the total amount estimated to be required for the 
completion of existing or the construction of projected 
lines of canals is set down at 29,000,000/. And, says 
Colonel Strachey, on the whole there can be no reason 
to doubt that at least such an amount as is given above 
might usefully be spent, say, in the next ten or fifteen 
years ; allowing, therefore, for an annual appropriation 
of 500,000/. from the revenue, which, it will be remem- 
bered, is double the‘actual rate for the last four years, 
a sum of something over twenty millions would remain 
to be provided for by special means. 

The above is probably a very moderate estimate of 
the sum that might be usefully applied to irrigation 
works within the time named, but no doubt as much 
as forty or fifty millions sterling could be beneficially 
laid out on this class of works within the next twenty 
or twenty-five years, in addition to any sums forth- 
coming from the surplus income; and it is for those 
holding the reins of Government to determine by what 
means these necessary funds shall be supplied, for, if 
the above figures give even a tolerably close represen- 
tation of the facts, they complete the proof of the 
proposition that it is quite impossible to do what is 
wanted by means of grants from the ordinary revenues ; 
the extension, therefore, or development of artificial 
irrigation in most of the provinces of India in such a 
systematic manner as will fully guard the country 
from the disastrous effects of drought must depend on 
the provision of funds in addition to the ordinary 
annual grants. 

It is absolutely incumbent on the State either to 
execute irrigation works in India or to allow private 
companies to do so. If there are to be canals, the 
capital required for such works must be raised. The 
revenues of the State being, as we have already shown, 
utterly unequal to afford money for such projects, it 
necessarily follows that, if these wants are to be 
supplied, irrigation works must either be entrusted to 
private companies or be carried out by Government by 
the means of loans. 

Now, although there exists, perhaps, no insuperable 
objection to permitting private companies to take u 
irrigation projects under suitable stipulations, a 
arrangements might doubtless be made which would be 
unobjectionable as regards the interests of the State, 
and yet so far leave an opening for profit to capitalists, 
that their co-operation in providing the requisite 
capital and in undertaking the actual construction and 
maintenance of the works might probably be secured, 
there are many considerations on account of which such 
works had better be undertaken by Government ; and 
as this view of the case may not, perhaps, be generally 
concurred in, we propose to state some of our reasons 
for thinking that the agency of private companies for 
this purpose is less desirable than the active and inde- 
pendent action of Government. 

The question between the construction of irrigation 
works in India by a joint-stock company and the 
Government cannot fairly be stated as a question be- 
tween private enterprise and Government manage- 
ment; for, in the first place, the enterprise is not that 
of an individual on the spot, but of a corporate body 
many thousand miles away from the scene of opera- 
tions, of which the separate members are distracted by 
divers interests and occupations, and they have to act 
through agents whom they cannot superintend, and 
who, when not borrowed from the service of Govern- 
ment, have to labour under new conditions in a coun 
for the most part strange both to themselves and their 
employers. Consequently the construction of — 
tion works by joint-stock companies can scarcely fai 
to be attended by a greater expenditure of capital than 
would be the case were the same works carried out by 
Government, under the immediate superintendence of 
officers thoroughly acquainted with the country and 
with the nature and resources of the districts in which 
the proposed works are to be carried out. From this 
we may infer that Government superintendence would 


be better, because cheaper, than the employment of 
private enterprise. 
in, in proportion to the benefit which irrigation 
works confer on any given district is the extent to 
which the population thereof becomes dependent upon 
them when they have been executed, and therefore 
arises the danger of leaving it in the power of persons, 
who may be intluenced by self-interested snstdiatines 
only, to interfere with the usual water supply, whether 
by enhancing the rates of charge or by Seating re- 
airs and declining outlays which might be in- 
ispensable to the thorough efficiency of the work. 
The subject of water rates, and the principle on which 
they should be fixed, would also, with a company, un- 
doubtedly lead to very delicate and complicated 
questions ; and while with the Government on the one 
hand, and the cultivators or proprietors on the other, a 
way of escape from all such Fifieulties is clearly open, 
the introduction of companies must necessarily import 
into the discussion a new class of rights and claims, 
and add greatly to the complexity of the case. 

There are undoubtedly many useful works in India 
which can be more efficiently and profitably undertaken 
by individuals and companies than by the Govern- 
ment, and such agency might also be advantageously 
employed in the construction of irrigation works for 
the Government, either as contractors for the execution 
of works, in which case they would be responsible for 
the plans, or they might agree to carry out a given 
work for the supply of” water to a certain district, such 
water to be delivered at points determined by the 
Government, and to be paid for at a fixed price, ac- 
cording to the amount delivered, the company having 
nothing to do with the profits of the application of 
water, nor the power to interfere in its distribution. 

Having thus given, somewhat fully, the main reasons 
why, in our opinion, irrigation works in India should 
be executed by Government in preference to entrusting 
them to be carried out by private enterprise, we have 
great satisfaction in finding that our views on this sub- 
ey are fully coincident with those recently expressed 

y the Home and Indian Governments, as we gather 
from a perusal of printed parliamentary paper, No. 
207 of 1866, entitled “ East Tada (Irrigation Works).” 
This document consists of a copy of a despatch from 
the Government of India to the Secretary of State, 
dated 9th March, 1865, with enclosures, and it explains 
the means by which a systematic development of irri- 
gation works throughout India should be undertaken. 

From these papers it appears that, so far back as 
August, 1864, the late Secretary of State for India 
ruled that the State should undertake directly all the 
irrigation works that it could practically manage, in 
preference to entrusting them to private companies ; 
and that when the surplus revenues and available 
balances proved insufficient to supply the requirements 
of the country, funds, by means of loans, should be 
raised. That point being settled, let us see what the 
Government of India say with reference to the means 
at their disposal for vigorously prosecuting the con- 
struction of irrigation works. In their despatch, 
which forms the subject of the parliamentary return 
now before us, they state, it is only by diverting 
money from important works of other Acsigtions, 
which cannot be effected without serious inconvenience, 
that any addition can be made to the limited sums 
which the local Governments have proposed to appro- 
priate for irrigation works ; and we are ata loss to see 
any remedy for this state of things, except by giving 
early effect to the policy which has already been ac- 
cepted by her Majesty’s Government, of supplying the 
want by means of a loan. 

Colonel Strachey, in his note on the subject, enters 
into almost exhaustive considerations as to the general 
result of measures to be adopted for the extension of 
irrigation works in India by aid of special loans to be 
raised for the purpose, and specifies the following points 
as of primary importance to be observed in dealing 
with such a fund, viz. :—First, that due provision be 
made for the specific and exclusive application of the 
sum raised to the class of works which it is intended 
to produce; second, that the te of the sanc- 
tions given in detail to works to be carried out from 
the loan should not exceed the whole amount authorised 
to be raised; third, that a suitable appropriation 
should continue to be made from the — income of 
the year for new irrigation works; and, fourth, that 
the actual cash transactions connected with the extra- 
ordinary income and expenditure should be dealt with 
as a part of the ordi transactions of the year, so 
far as the public accounts are concerned. 

The immense value of irrigation to the 9 roy 
community in -all parts of India is beyond dispute ; 





and after reading Colonel Strachey’s memorandum, 
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there could remain but little doubt in the minds of 
any that the extensive development of such works 
would also prove remunerative to the State. The only 
wonder is, that such means of simultaneously enrich- 
ing the Government and the community at large have 
not sooner been carried into practical effect. So far as 
we are aware, nothing has even yet been done towards 
carrying out so desirable an object ; but, with Sir John 
Lawrence as Governor General, we may yet hope to 
see steps taken in the matter; for it appears that he 
quite concurs in the force and validity of the argu- 
ments adduced by Colonel Strachey in favour of the 
State undertaking a. series of irrigation works in 
India; and, further, his Excellency states as follows : 
“T have always advocated such measures. It appears 
“to me absolutely incumbent on the State either 
“executing such works or allowing private companies 
“to do so; while I have always seen very grave ob- 
“jections to the latter course, If we are to have 
“canals, we must raise the capital required for such 
“works. The revenues of the State are utterly un- 
“ equal to afford money for such projects ; while there 
“are none which could be anual which are calculated 
“in a country like India to produce so much good to 
“the people, while they give security to the present 
o onal revenue, and add to its amount without in- 
* creasing the weight of taxation generally. All that 
“is required to ensure these great benefits is, that the 
* projects be judiciously selected, and the works care- 
“fully and economically coustructed, and, when com- 
pleted, that such rates be established and enforced as 
* will repay the State liberally, while they leave a fair 
“margin of profit to the landholder and cultivator. 
“Within this last mentioned limit, the more revenue 
** these canals and tanks can be made to yield the better 
* for the general tax-paying community.” 

Had Lord Stanley continued for a few years longer 
to wield the destinies of India, we have little doubt, 
judging from what that enlightened statesman did 
accomplish during the short period that he held office, 
that long ere this measures would have been sanctioned, 
having for their object the provision of a systematic 
series of irrigation works for the entire empire, The 
present, then, gives a fine opportunity for the new 
Secretary of State to inaugurate measures having for 
their object the supply of this long-desired want. 

In conclusion, we cannot, perhaps, better express 
our sentiments on the subject, than by adopting the 
words of the Government of India, and record our hope 
that, after such further consideration and emendation 
as these proposals may receive from her Majesty’s 
Government, they will be found to afford a safe foun- 
dation on which to commence a systematic develop- 
ment of irrigation works in all parts of India on an 
effective scale; and that a provision will thus before 
long be made for the requirements of the entire 
country in respect to artificial irrigation, no less suc- 
cessful and no less worthy of an enlightened Govern- 
ment than that made in respect to the means of com- 
munication by the adoption of the policy originated by 
Lord Dalhousie for the construction of railways. The 
increase in the prosperity of the agricultural popula- 
tion, and of the quantity of agricultural produce which 
must certainly follow the extension of irrigation works, 
will give a very powerful stimulus to the traffic on the 
railways; while the increased facilities of transport 
will largely extend the markets to which such eon 
can profitably be sent. The combination of these 
causes cannot fail to lead to an improved condition of 
the finances, in part due to the increased wealth of the 
country, and in part to the reduction of the demands 
on the State to meet the railway guaranteed interest ; 
and we shall look forward with much confidence to the 
results of the hearty ado»otion of a policy which shall 
provide for the energetic prosecution of irrigation 
works within the limits of proper prudence, combined 
with the gradual completion wh extension of the 
system of railways, the main outlines of which have 
already been so satisfactorily fixed. 


Tae Lonpon, Cuaruam, AND Dover Rattway.—The 
appointment of receivers to this company will not in any way 
prevent the progress of the works in hand, nor interfere with 
the regular working of the line. 

Perroteum in CentrAL Asia.—Central Asia, which is 
proving rich in coal, does not lack petroleum. A very rich oil 
well has lately been discovered in the district of Natuchaitz, on 
the shore of the Caspian Sea. After boring a depth of 120 ft. 
in the solid rock, a stream of oil made its appearance, and 
flowed for twenty minutes. A deafening noise followed, ac- 
companied by a slight earthquake, which so frightened the work- 
men that they all fled. When the noise had subsided, a jet of 
clear water, tasting very salt, sprang up with great violence. 
After this jet had exhausted itself (which it took twenty-six 
minutes in doing), a quantity of froth, smoke, and stones issued 
out of the cavity, which was now found to contain nothing 
but pure oil, Since then 1500 to 2000 pailsful of oil have 
been drawn out, the only instrument used being a common 
wooden siphon 2 in. in diameter. 





THE COAL QUESTION. 


Iw the preface to the second edition of Mr. Je- 
vons’s work on the coal question, he states that the 
as yet unpublished statistics of the Mining Record 
Office show that the productjon of coal in the United 
Kingdom in 1865 was about 95,000,000 tons, thus 
showing a considerable increase upon that raised in 
1864, which was 92,787,873 tons. A single year’s 
increase or decrease goes for little, perhaps, in an argu- 
ment as to the coming scarcity of coal; but we have 
the fact that for a long series of years the rise has 
been uninterrupted, and that it has unquestionably 
averaged about 3$ per cent. each year over the pro- 
duction of the previous year. Since 178] we have 
raised and consumed not far from 2600 million tons of 
eoal, and Mr. Jevons, taking the annual rate of in- 
crease as constant, finds, by a simple calculation, that 
our descendants will, by 1961, be raising the same vast 
quantity in a single year—that while we are now 
raising 95,000,000 tons a year, they will be bringing 
out the last-named quantity every fortnight. The 
curve of increasing consumption, plotted upon the con- 
tinued rise in the same geometrical ratio, is a startling 
one. Taking a scale of years as the base, the ordinates 
rise very gradually during the first two-thirds of the 
present century, much more rapidly during the next 
thirty-four years, while they shoot up into the very 
clouds of statistics in reaching the wonderful year of 
1961. What the population of these islands will then 
be is not stated. The mere annual rate of increase in 
the consumption of coal is then to be about 90,000,000 
tons — in itself nearly equal to our whole present 
yearly production. 

Once admit the law of geometrical inerease, and, 
going still further, the rate of 34 per cent., and all 
these conclusions are necessary consequences. In a 
former notice of Mr. Jervons’s book we did him the 
injustice of denying that he had reasoned out his case. 
In this we went rather beyond what we intended, for 
our belief is that nothing in history, nor in the pre- 
sent, can be made to justify such an application of a 
emg law of inerease. Mr. Jevons does bring to 

ear upon the ease abundant statistical knowledge, 
and he applies it most ingeniously; but, in adopting 
any given rate of increase, and in making that rate a 
geometrical one, he launches upon an unknown sea of 
presumption ; or, to drop the figure, he sets up a case 
whieh defies reasoning. We should be content to be- 
lieve of the future, especially the far distant future, 
that it contains events, conditions, circumstances, and 
compensations which we cannot possibly foreknow. 
History is filled with events which could have never 
been foretold. If we take upon ourselves to say what 
a century may bring forth, we will engage to say that 
a clever theory might be advanced, and supported b 
numberless analogies, that London, like Lisbon, will 
be destroyed by an earthquake, and it is but a step fur- 
ther to the great event prophesied by Dr. Cumming. 
But, with more probability, we may look forward to re- 
volution and civil war, to the destruction of our naval 
power, and thus to being humbled at the feet of 
other nations. These are all events which may happen, 
and none can say when. With all our outlay of money, 
with all our invention, ingenuity, skill, and perseve- 
rance, we have not, at this moment, a navy with which 
we can certainly defy all other powers. There are 
those, whose opinions are worth heeding, who tell us 
that the Americans could sink every ship we possess. 
With national prosperity we see, in all parts of the 
world, how the ambition or the passion of nations is 
multiplying wars. It will be a miracle if England 
escape unscathed, a miracle if, amid all the elements of 
international and social discord, we can go on for a 
century prospering, even to the extent of continued 
national security. We have these things to think of, 
and we truly believe the dangers are far more imminent 
than that of the even approximate exhaustion of our 
coal. We have much to dread, not from the want of 
intention, but of practical appreciation on the part of 
our official authorities. Our greatest. danger lies in 
their official inability to see at once what is good in 
new inventions in the art of war. We have been four 


| years ridiculing the monitors, and the Zimes now tells 


us that, in the event of war, they would annihilate our 
navy, and thus our national greatness for ever. It 
was not until the Austrian national cause had been 
lost that our authorities could clearly see the advantage 
of breech-loading rifles. Fourteen years’ preparation by 
the Prussians, to say nothing of the common-sense 
view that a gun whieh could safely fire eight or ten 
shots a minute was superior to one which could only fire 
two or three, all went for nothing. We are now recover- 
ing lost ground im this respect, but what we have to 
dread in the future is a fatal surprise, of the very kind 
which our authorities never expected. 





As for the coal, nearly all that can be said has been 
said. We have had estimate upon estimate of the 
quantity remaining, and we know the present rate of 
paaagonn “me but we cannot pretend that from this we 
can predict the future rate. We believe, too, that our 
industry may yet be doubled, even with our present 
rate of consumption, for we get but a fraction from 
the coal of the useful work of which it is capable. 
Besides, we are sooner likely to fail for iron than for 
coal. The Bessemer process has disqualified, so to 
speak, a vast proportion of all the iron ores we possess. 
Bessemer metal is already preferred to the best irons 
for rails, tyres, and ship-plates, and there is good 
reason to believe that it will, within a short time, take 
the place of iron for all its more important applications. 
Yet no present skill can make Bessemer metal from 
the common irons of the Midlands, of Wales, the 
Cleveland district, or of Scotland. We are already 
sending abroad for iron stone, and our imports are 
likely to increase rapidly. 

We are not denying that our coal is a fixed 
y are 4 nor that we are steadily and even rapidly 

rawing upon it. To sensibly diminish, however, our 
great natural store even within a century, we shall re- 
quire to draw upon it at a rate which but few can believe 
probable. The question is one which no amount of 
argument can possibly settle, and every one must, after 
all, be left to his own judgment in the matter. 








East anv West Inp1a Docks.—The East and the West 
India Docks were constructed about sixty years ago, when the 
size and draught of ships used for commercial purposes were 
very different from those now sailing, and depth of water was a 
necessity which could only be met in the limited space of the 
East India Docks, where it appeared that the annual average of 
ships had during the last fifteen years increased from 50 to 400, 
The directors now propose that the south dock shall be 2650 ft. 
in length, 27 ft. in depth below Trinity datum, which will give a 
depth at neap tides of 23 ft. and 24ft., and at springs of 28 ft. 
Gin.; that it shall be 450 ft. wide, walled vertically on both 
sides, with sixteen jetties on the north sides and needful ware- 
houses on the south side, thus at length perfecting an arrange- 
ment for adapting the south dock to general business contem- 
lated thirty-seven years ago by the West India Dock Company. 

‘his work will involve a large outlay not yet ascertained. 


Tue TRANSACTIONS OF THE SociETY or ENGINEERS.— 
The complete Transactions of this society for 1865 have been 
published as a handsome bound volume, and are already being 
di ted among the members. ‘The style of publication is not 
i to that of the Transactions of the Institution of Civil 
neers. Others than members can purchase the volume of 
the publishers, Messrs. Spon. Although the papers are not re- 

rts of the individual practice of the authors, as in most other 
institutions of the kind, they are for the most part valuable 
essays or compilations. Among these are Mr. Nursey’s paper 
on Sugar Machinery, Mr. Olrick’s paper on the Injector, the de- 
scriptive (as distinct from the theoretical) portion of Mr. Pen- 
dred’s paper on Locomotive Adhesion, Mr. King’s paper on Irri- 
= with Town Sewage, and Mr. Abel’s paper on the Patent 

aws. The style in which, and especially the promptness with 
which the complete papers and discussions are published—in- 
cluding perhaps twenty very neatly lithographed plates—reflects 
the greatest credit upon Mr. Alfred Williams, the honorary secre- 
rary, and upon Mr. Perry F. Nursey, the honorary assistant- 
secretary, who are the joint editors of the Transactions. 

THe AMAzon.—Mr. Samuda has given notice that he will 
on Monday uext, ask the First Lord of the Admiralty to explain 
how it a that the Amazon, a war steamer, built for the 
purpose of asteam ram, should have caused her own destruc- 
tion by coming into collision with a vessel smaller than herself, 
and not built for a warlike purpose. He will also ask why the 
Amazon, if not intended to be used as a steam ram, should 
have been constructed with a cutwater as if she had been so 
intended to be used. We anticipate that Mr. Samuda will receive 
a reply much as follows: The Amazon was not designed to receive 
armour in the first instance; she was not built as a ram, but, 
like the despatch steamer Helicon, with a slightly protruding, 
bow (to lengthen her water-lines below), sheathed with a light 
brass stem-piece to act as a cutwater, and to stand the chafe 
of the cables. Nothing was done to strengthen her internally, 
as is always dove with “rams.” In fact, she was designed and 
built as a light wooden sloop of war from the first. She was 
not built by contract, but at H.M. Dockyard, Pembroke Dock. 
She was never (need we say?) designed to steam 16 knots! 
13 knots were aimed at, but her armament, complement of men, 
provisions, stores, ammunition, &c., were subsequently in- 
creased, and she then actually attained 123 knots nearly, which 
is much faster than any previous sloops, and as fast as our very 
fastest frigates when loaded for sea service. 

Lyons AND MARSEILLES.—The population of these cities, by 
the census taken this year, is respectively 318,000 and 300,131. 

SreAM SuiprinG.—OUn Saturday, Messrs, Palmer and Co. 
(Limited) launched a steamer of 780 tons, named the St. Dun- 
stan, and built for Messrs. Palmer, Hall and Co., of Newcastle. 
Messrs. Palmer ‘have on hand a contract for six large steamers 
for the Liverpool and Great Western Steamship Company 
(Limited); the first, the Manhattan, made a trip to sea on 
Saturday. Messrs. Leslie and Co., of Hebburn, have launched 
a screw steamer of i000 tons, named the Anglo-Dane, and one 
of four steamers to be supplied to the Anglo-Danish and Baltic 
Steam Navigation Company (Limited). Messrs. Blackwood and 
Gordon, of the Clyde, have launched a handsome screw steamer 
of 847 tons B.M.; length, keel, and forerake, 220 ft.; breadth of 
beam, 28 ft.; depth of hold, 134 ft. This vessel (named the 
Windsor) has been built expressly for the trade between Leith 
and Antwerp. Her owners are Messrs. Gibson and D. R. 
M‘Gregor, Leith. 
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SIMPSON’S TYPO-TELEGRAPH. 


In the working of long lines of telegraph con- 
structed at a great cost it is very important that the 
instruments employed should be capable of trans- 
mitting messages with great speed and accuracy, so 
that a large number of messages may be sent in a 
given time, and that no delay may arise from the 
necessity of making corrections or explanations. Of 
course this observation applies in a minor degree to 
all telegraphic lines, but it does so most strongly to 
those lmes which are, as it were, overcrowded with 
messages, and which cannot have their carrying capacity 
augmented except by a vast outlay, Amongst such 
lines, for instance, is the Indian Telegraph; and they 
will doubtless also include the Russo-American line, 
when completed, as well as the Atlantic Telegraph, if, 
as we trust, the laying of the cable now going on is 
successfully accomplished. During the last few years 
several improved telegraphic instruments have been 
brought out, and amongst them Sig. Bonelli’s typo- 
telegraph, which printed the messages in Roman 
characters, and which attracted considerable attention 
at the time of its introduction, Sig. Bonelli’s tele- 
graph in its original form required five line wires, a 
great drawback to its general application, In April, 
1864, Mr. J. Hawkins Simpson patented an improve- 
ment upon telegraphs of the Bonelli class, which 
enabled three line wires to be employed instead of five, 
this result being attained by arranging the letters com- 
posing the messages horizontally instead of vertically, 
and by employing a peculiar form of alphabet which 
we shall explain presently; in the meantime it will be 
advisable to explain in a few words the principle upon 
which messages are transmitted by the Bonelli and 
similar typo-telegraphs. 

The message to be sent is set up in type, and in the 
original Bonelli instruments each line of it was then 
traversed under five “styles” or points placed at a 
short distance apart, these styles and the carriage 
holding the type being so arranged, that, when any 
one of the styles came in contact with the type, a cur- 
rent was transmitted through the line wire with 
which that style was connected to the receiving in- 
strument at the other end of the line. The receiving 
instrument was also furnished with five styles, con- 
nected by the line wires with those of the transmitting 
instrument, and resting upon chemically prepared 
paper which was traversed under them. Thus, when- 
ever a current was transmitted from the sending in- 
strument through one of the styles coming in contact 
with the type, this current was passed through the 
corresponding style of receiving instrument and the 
chemically prepared paper, producing a mark on the 
latter of a duration js upon the length of 
time which the sending style remained in contact with 
the type. According to Mr. Simpson’s plan, the 
letters were developed by the type being traversed 
under three styles, the letters being disposed hori- 
zontally as in the following example: 
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In September and October, 1864, Mr. Simpson took 
out patents for improved arrangements, by which, in- 
stead of three dale being required to traverse the 
types simultaneously, the letters forming the message 
were developed by a series of styles passing singly over 
the types. A pair of pad rt instruments em- 
bodying these improvements have now been nearly 
completed by the well-known instrument makers, 
Messrs. Elliot Brothers, who have had them in hand 
more than twelve months, experiments made with 
them from time to time having led to various improve- 
ments in their details. The two instruments forming 
the above-mentioned pair are similar, and either of 
them may be used for receiving or transmitting a mes- 
sage, the only variation required being, that the send- 
ing instrument should be supplied with type, and the 
receiving one with prepared paper. They each consist 

rincipally of a sention wheel, 42in. in diameter, 

aving disposed heliacally around its circumference 
eighteen styles, which are each pressed outwards by a 
spring. The wheel is placed so as to revolve at a 
hen distance from a desk, the face of which is curved 
to suit the circumference of the wheel, this desk carry- 
ing either the type or the prepared paper, as required. 
As the wheel revolves, the styles successively traverse 
the type or paper placed upon this desk in a series of 





parallel lines, and the desk being of less length than 
the interval between the following styles, one only is 
passing over it at one time. Either the styles of the 
two instruments are connected to a single line wire 
and the desks to “ earth,” or vice versd, and the usual 
battery connexions being also made, it follows that, as 
each style of the sending instrument passes over the 
type, it will transmit a series of currents through the 
line wire to the receiving instrument, and cause the 
style of that instrument, which is passing over the 
prepared paper, to record a series of marks correspond- 
ing to the type. The synchronous motion of the-two 
wheels will be ensured by the employment of a 
governor—we believe a modification of that patented by 
Professor Thomson and Mr. Fleeming Jenkin—and 
they will be driven by falling weights. Perfect 
means of adjustment are supplied for instantaneously 
correcting any variation in the speed of the two in- 
struments. 

The styles are, as we have already stated, disposed 
heliacally around the circumference of the wheels, and 
their arrangement is such that three of them traverse 
each line of the message, developing the letters, as 
shown inthe diagram above given, The desks are 
formed to receive six lines of type, and are long 
enough to accommodate, on an average, about five 
words in each line. The whole of the message placed 
upon the desk of the sending instrument will, of 
course, be transmitted by one revolution of the drum, 
and it is expected to be able to work the drum at 
from three to four revolutions per minute, so as to 
send from 90 to 120 words per minute. In some 
cases Mr. Simpson proposes to use, instead of type 
strips of tinfoil having the message to be sent printed 
on it in insulating i The strips, suitably ruled so 
as to insure that the letters forming the message shall 
be properly placed, are to be sold to the public with 
the necessary printing apparatus, so that persons 
using the telegraph may, if they choose, print their 
own messages either in ordinary characters or in a 
cypher known only to themselves and their corres- 
pondents. 

Quite recently Sig. Bonelli has exhibited in London 
a modification of his original telegraph, by means of 
which he can also transmit and print a message by 
means of a single-line wire. We have not seen the 
instrument exhibited by Sig. Bonelli, but from de- 
scriptions which have been published of it, it appears 
to be identical in principle and very similar in arrange- 
ment to that patented nearly two years ago by Mr. 
Simpson, the styles being allowed to pass over the 
type and pew consecutively, as in the instrument 
which we have described. Sig. Bonelli, however, we 
believe, still employs an alphabet which requires five 
styles to pass over each line of the message in order to 
develop it, whereas, according to Mr, Simpson’s plan, 
but three styles are necessary. This difference would 
of itself, other things being equal, apparently enable a 
message to be sent, on Mr. Simpson’s plan, in three- 
fifths of the time required for its transmission by Sig. 
Bonelli’s, but in reality the number of impulses re- 
quired to forward a message by the former system is 
less than three-fifths that required according to the 
latter. For instance, in telegraphing the word 
“minute,” 49 impulses would be required according 
to Sig. Bonelli’s and 19 according to Mr. Simpson’s 
plan, the total number of impulses required for ex- 
pressing the whole alphabet being in the latter system 
only 110, and for the numerals 53. 

th addition to his three line alphabet above described, 
Mr. Simpson has designed, as a substitute for the 
Morse alphabet, one developed by two styles, and of 
which most of the characters can be read at sight 
without previous training. In this alphabet the whole 
of the letters are expressed by 66 impulses, and all the 
numerals by 25; whereas, on the Morse system, the 
number of impulses required are 82 and 50 respectively. 
In Mr. Simpson’s two-line system also all the semnetn: 
are expressed on a single line, so that they cannot be 
mistaken for letters. 

The instruments now being made for Mr. Simpson 
have, we are informed, been inspected by some of our 
most eminent electricians, who have expressed opinions 
decidedly favourable to the success of the system. 
Its advantages appear to be principally these : that the 
instruments can be kept at work incessantly, there 
being no occasion to stop them even for the insertion 
of a fresh message; that either clear Roman characters 
or a cypher can be employed at pleasure; and that, 
from the way in which the messages are developed by 
the passage of successive styles, it would be impossible 
to obtain information by “ tapping” the line, as has been 
done in some instances where the ordinary instruments 
were employed. ‘The last consideration is a very im- 





portant one in many cases, as was shown by the falsifica- 
tion of the opium reports a few years ago, and by in- 
stances during the American war, in which the wires 
used by the one side fell into the hands of the enemy, and 
were cut, an instrument inserted in the circuit, and the 
messages undergoing transmission read and altered. 
Another advantage attendant upon Mr. Simpson’s sys- 
tem is, that in the case of very important communica- 
tions the messages could readily be set up and trans- 
mitted in two languages, and the one part would thus 
form an excellent check upon the accuracy of the 
other. 

The invention was some months ago brought under 
the notice of the French Government, who submitted 
it to a committee for examination. The report of the 
committee was so favourable that arrangements were at 
once made with Mr, Simpson by the French Govern- 
ment with a view to its trial at their own cost, and, in 
the event of its attaining in practice a certain degree 
of success, to its ultimate practice for use on the 
Government lines in France, Mr. Simpson has also 
taken out patents for India, 








SAMSON FOX BROTHERS’ COMBINED BRASS.- 
SHAPING AND NUT-TURNING MACHINE. 


To Tue Eprror oF ENGINEERING, 


Sr1r,—In the last impression of your excellent journal Enat- 
NEERING, we noticed that a Leeds gentleman, under the nom de 
plume ‘‘ Honesty,” had been plansed to write a letter confidently 
setting forth with reference to our combined machine for brass 
shaping and nut turning (illustrations and description of which 
were given on July 6th, from tracings furnished at your re- 
quest), first, that we were not the first to introduce it us a 
combined machine, and, secondly, that it has been previously 
made by the principal tool makers of Leeds. 

Now it will be plainly seen from @ perusal of your addenda to 
“ Honesty’s ” letter (which, by-the-bye, considerably diminishes 
the necessity of our replying at all), that sufficient is said to 
exonerate us from the 8 an of having morimge | made any 
attempt to establish ourselves as the originators of the ideas in- 
volved in either of the separate arrangements for brass shaping 
or nut turning. 


On carefully reading over the exact words in the opening of 
‘our description, it is our opinion that “ Honesty " has entirely 
failed to appreciate the whole sense of that to which the word 
“introduce” refers. Let us read the text; ‘* The neat little 
“machine of which we now give illustrations is one which has 
“been tatroduced by Messrs, Samson Fox Brothers, of Leeds, 
“ for turning i te the heads of bolts, studs, nuts, §c., 
“and for shaping the various parts of brass work.” 

To what, allow us to ask “ Honesty, does the word “ intro- 
duced” here refer? Is it to a machine for shaping brass only? 
or to one for turning the heads of bolts, studs, nuts, &c., only ? 
or to a machine so combined that it will perform the two opera- 
tions if required? A correct reading and a just interpretation 
of the same, we apprehend, will decide. Having got thus far, 
will “ Honesty ” have the kindness to tell us of the Leeds tool 
makers who have produced a combined machine (for that clearly 
is the one in question) previous to the existence of the firm of 
Fox Brothers? If he cannot, then impartial readers will easily 
be able to decide as to the propriety of our maintaining the claim 
(though we had no part in making it in the first instance) to 
having first “introduced ” it as a combined machine. _ 

It will be seen that our combined machine has a considerable 
advantage in first cost over that of two separate ones, being 
about 45 per cent. cheaper, This is of course directly in favour 
of the user, especially in shops where (and this is the case in 
many) two separate machines could not be kept fully employed. 

In conclusion, as to the gentleman (Mr. McIntyre, manager of 
Boyne Engine Works, Leeds) whom we are glad to have the 
pleasure of knowing, and from whom the ideas and original de- 
signs of the separate machines proceeded, we would beg to say 
that we entertain too high a respect to wittingly attempt to de- 
tract from the honour justly due to him as originator. Still if 
“ Honesty ” will take tle trouble to examine the full detail and 
arrangement of our combined machine and fairly compare the 
same with the ones referred to, we feel confident (provided he 
be “honesty ” by nature as well as by name) that he will by 
no means persist in saying that ours is ‘‘ an exact copy.” 

Yours truly, 
Samson Fox Broruers. 

Silver Cross Works, Leeds, July 17, 1866. 


the matter referred to in the above letter has now been so 
fully explained that we trust there may be no further correspon- 
dence on the subject.—Ep, E.] 








Tue Lisrary oF THE INstiITUTION OF CIVIL ENGINEERS. 
—An appendix to the catalogue of the library has just appeared 
containing the titles of nearly 600 volumes of books, pamphlets, 
MSS., &c., forming the horological library of the late Mr. B. L. 
Vulliamy, Assoc. Inst. C.E., who bequeathed it to the institution 
on the condition that it should be kept separate from the rest of 
the library, and without additions or deductions, The library 
contains the works of Berthoud, the Rev. Dr. Derham, Dubois, 
Fale (A.p. 1598), tracts by John Harrison, the works of Moinet, 
Thiout, &. 

Great Srrike or IRonworKERS.—In consequence of the 
notice given by the ironmasters of the north of a reduction of 
wages of 10 per cent., which notice expired on Monday, the 

uddlers and mill men at Gateshead, Darlington, Middles- 

rough, the Hartlepools, Jarrow, Walker, Corsett, and Witton- 
park, with a number of ‘off band men,” in all about 8000 
persons, are on strike. 
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Tux rivetting machine of which we now give illustrations 
has been senently patented by Mr. H. M. Kennard, of the Via- 
duct Works, Crumlin, and is adapted for performing all kinds 
of work usually done by ordinary rivetting machinery; but in- 
stead of forming only one of the heads of the rivets in such 
machines esnlly do, it forms both heads at the same time. 
The rivets, or more properly speaking the blanks, are merely 
short pieces of rod iron, cut off by the shears at the end of the 
machine from bars of ordinary round iron, The bars are heated 
in a furnace close at hand, the blanks are then cut off to the 
aay length regulated by gauge, and placed in the work to 
e rivetted between the snaps, when the slides advance 
simultaneously from both heads at the same instant. 

The machine, as will be seen by reference to the engraving, 
consists of a strong cast-iron hollow framing, inside which is 
contained the whole of the ——- mechanism, with the excep- 
tion of the top slides, driving pullies, and flywheel. This ar- 
rangement is very compact, and allows free access to the work 
being rivetted without danger of accident from the working 
machinery; the mechanism is got at from a pit below. The 
slides, which carry the rivetting snaps, are of wrought iron, and 
are made to project upwards so as to stand higher than the top 
of the machine, and each slide is provided with two sockets, one 
above the other, the snaps being used in either socket accordin 
to the class of work which is to be rivetted. These slides wor 
in dovetailed grooves on the top of the main casting, and are 
moved backwards and forwards by wrought-iron levers to which 
they are attached by links. The levers are worked by cams 
fixed on shafts, each carrying a spur wheel 3 ft. 5 in. in diameter, 
these wheels gearing into each other, and one of them also gear- 
ing into a 54 in. pinion fixed on the driving-shaft gear which carries 
the flywheel and actuates the whole arrangement. It will be 
noticed that the cams only force the levers and slides to their 
work; to bring them back, the ends of the levers are prolonged, 
and chains are attached to them which pass over small pulleys, 
the ends of these chains being connected with a weight which 
is heavy enough to being the levers nto their proper position 
ready for the next stroke. To regulate the varying strain on 
the dies, the bearings of the levers are fixed against powerful steel 
eprings adjustable by set screws. When considered desirable, 

@ machiue can be made single acting, by fastening back one of 
the levers, and taking off one of the chains. A small pair of 
shears is provided at the end of the machine for cutting off the 
red hot iron as described above, the cutters being worked from 
an eccentric fixed on the driving shaft. 

One of these machines has been in use for upwards of a year 
at the Viaduct Works, Crumlin, and has given unqualified 
satisfaction, turning out a large quantity of girder and other 
work with a rapidity and precision before unattainable. It is 
particularly adapted for bridge work, as the cross girders and 
many of the main girders can be rivetted entirely by this 

ine. The usual practice adopted at the Crumlin Works is 
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to rivet the angle-irons on to the web-plates, with the snaps in 
the lower sockets of slides; the snaps are then removed to the 
upper sockets, and the girder under operation is turned over on 
its side in such a position that the top flange to be rivetted is 
situated between the two dies, whilst the web and the other 
flange of the girder overhang one of the projecting slides. The 
whole girder is completely rivetted by the machine. A great 
advantage of this machine is, that it dispenses with the keeping 
in stock of a large number of rivets of various lengths and sizes, 
the rod iron being the only material required. As this machine 
is brought into use, it will probably reduce the cost per ton of 
girder and bridge work, and will thus extend the use of wrought 
iron for building and other purposes. Our engravings were 
prepared from a tracing kindly furnished by Messrs. Kennard. 








Tue Scorcu Iron TrapE.—We (Glasgow Herald) are 
glad to learn that the aspect of affairs in the iron districts is 
assuming, for the present at least, a more cheerful appearance 
both at the pig and bar works, The return to work of those 
colliers and miners who had not left the respective localities has 
given (small as it is) an impetus to the general traffic on rail- 
ways, and also in providing occupation for numbers of the 
labouring classes thrown idle during the strike. In the Mid 
District > we learn that two furnaces have been 
put on blast at Langloan, but the rest of the works are still in 
the same position as they were when we wrote last Friday. 

Giascow CorPporaTion WATERWORKS.—The revenue of 
these waterworks in 1865-6 was 90,9361, and the expenditure 
was 88,780/., the expenditure including, it should be observed, 
interest on capital neseued, In the course of last year the 
extension of piping executed comprised 11,157 lineal yards, or 
64 miles. In addition to these extensions, the works for sup- 
plying water to the villages of Barrhead and Nitshill have been, 
during last year, completed, aud were formally inaugurated and 
opened by the magistrates and water committee on 26th May 
last. These works, as your committee have reason to believe, 
have given great satisfaction to the inhabitants, and will, it is 
confidently expected, be the source of adequate revenue. The 
rebuilding of the south end of embankment No. 2 at Culegarton, 
recommended in the report of Messrs. Fowler, Bateman, and 
Gale, has been completed, and the rebuilding at the north 
end of the embankment is in progress; but it has been 
deemed advisable to postpone the construction of the 
bridge across the river Endrick, recommended in the same re- 
port, and authorised by the Act of 1865, till next spring. The 
works, upon the whole, are at present in a very satisfactory 
state. The average supply of water to the city and neighbour- 
hood in 1865-6 was 23,794,126 gallons per day, as compared 
with 22,413,519 gallons per day in 1864-5, showing an increase 
of 1,380,607 gallons per day. 
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Tue CLEVELAND Iron TRADE.—This trade is in a languid 
state. In consequence of the deliveries which have been going 
forward for old contracts, the stocks in the hands of makers 
have not increased to 30th June, although the stocks under 
warrants for delivery at stores amount to 69,700 tons. The 
falling off at present in demand is, however, causing a good deal 
of iron to be stacked at the various works. The Blast furnace 
men who are under notice for a reduction of wages are reported 
to be firm in their resolution not to submit, partly under the ap- 
prehension—it is supposed—that in consequence of the number 
of blast furnaces laid off, on account of the miners’ strike in 
Scotlaud, the masters in this district will not run the risk of 
another strike, and also expecting an improvement in prices; 
but accounts are now reaching Stiddlesbro’ that the Scotch 
miners are quietly resuming work at the old | po and there is 
no sanguine belief entertained on the part of the masters here 
that any upward tendency worth naming in the prices of either 
Cleveland or Scotch pig iron can be looked for at an early date. 
Shipments of pig iron are considerably below the average 
generally made at this season of the year, although some 
tolerably brisk deliveries of coals and railway sleepers under 
contract have been shipped during the past ten days. Inquiries 
from France, as well as the northern continent, continue to be 
on a very limited scale. The foundries in the neighbourhood 
are moderately employed, only a few of the larger firms having 
contracts of any importance for gas and water mains and 
general castings. The difficulty of obtaining orders is every- 
where acknowledged, and the want of specifications has oc- 
casioned almost all the malleable works in the neighbourhood to 
be only partially employed. It is said that some of the masters 
are of opinion that a total suspension of work, considering the 
State of trade, will be rather a gain to them than otherwise, 
while they seem to express great regret that the condition of 
business should have compelled them to take the course they 
hgve adopted. They seem quite willing that the men should go 
on with what orders they have taken at the low prices which 
have been ruling of late, if they will meet them in the reduction 
of wages. The iron ship yards of Stockton, Newcastle, and 
Sunderland, are all reported to be very slack of work, and ship- 
plates and angle-iron are in very little request. 

An AMERICAN TourR.—Mr. James Howard, of Messrs. James 
and Frederick Howard, of Bedford, sailed in the Scotia on Satur- 
day last for America, where he will make a lengthened tour. 

Mr. Roser Narier.—It was privately suggested at the 
annual dinner of the Institution of Mechanical Engineers, 
last year, at the Dublin Exhibition, that a marble bust of Mr. 
Robert Napier should be presented to him by the members. A 
considerable number of names were obtained to the written 
memorandum, but nothing hus since been done. If the wish of 
the whole body of members could be ascertained, we believe it 
would be in favour of carrying out the intention then expressed 
and with the least possible delay. 
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IRON-PLATED VESSELS, 





DESIGNED BY G. F. LYSTER, Meme. Inst. C.E. (1861.) 
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Amonest the many forms in which iron-clad vessels have 
been built during the last few years, one of the most curious is 
that of the new French iron-clad ram, “Taureau.” From a 
description of this vessel, which recently appeared in a contem- 
porary, it seems that the ‘‘ Taureau”’ is 197 ft. long, (exclusive 
of a beak which mere 40 ft. forward under water), and 48 ft. 
beam ; and that the sides of the vessel fall inwards so as to form 
an arched covering, a flat deck being provided at the top of the 
arch, as in the Winans’s yacht. The vessel is furnished with a 
turret at the fore part carrying a single gun, and the bows and 
turret are strongly armour-plated, whilst the sides are armour- 
clad for a height of only about 3ft above the water line. 
the completion of the ‘“Taureau” which has induced us to 
publish engravings showing the plans for a vessel of somewhat 
similar shape, which were submitted to the Admiralty by Mr. 
George F. Lyster, the engineer to the Guernsey Harbour 
Works, as long ago as July, 1861. Our illustrations show 
the designs for two different vessels, Figs. 1 and 2 representing 
a shield ship mounting 42 guns, and Figs. 3 and 4 showing a 
floating battery mounting 62 guns. Of course, at the time that 
the above-mentioned designs were sent in, the necessity of 
employing heavy ordnance was not so well understcod as it now 
is, or it is probable that Mr. Lyster would have modified his 
plans so as to adapt his vessels for carrying a smaller number 
of heavier guns, 

The proposed vessel, shown by Figs. 1 and 2, was to be 
400 ft. long with bow and stern alike, and was to be covered 
for about two-thirds of its length by a “ tortoise-shaped ” shield 
of armour plates. As shown in the transverse section, Fig. 3, 
this shield was to project amidships, 17 ft. on each side of the 
hull of the vessel, and was to taper gradually towards the ex- 
tremities to a width of 12 ft., where each end was to termi- 
nate in a curved return which would form a continuous con- 
nexion with the sides. The shield was to be firmly incorporated 
with the hull of the vessel by means of transverse framing and 
bulkheads, and also near the flotation level by means of strong 
horizontal iron framing covered with planking, so that the under 
surface of the shield would present a solid and extended plane 
projecting beyond the sides of the vessel, somewhat like the 
sponsons of a steamer, but rising with a slight sheer towards 
its extremities. The upper part of the shield was to be in the 
form of an elongated dome, flattened at the top, with its sides 
forming an angle of more than 40° with the horizon. To 
each end of the shield, was to be attached a bow constructed 
of light framing and plating, and so arranged as to fall in 
with the curves of the shield, thus giving easy lines to the 
vessel. Upon the upper surface of the armour for the entire 
length of the ship was to be formed an ordinary flush deck, 
as shown in the plan and transverse section, and a rudder 
(flush with the deadwood when amidships) was to be provided 
at each end of the vessel. Within the shield were to be 
formed two fighting-decks, the ports being made smaller than 
usual, and it being proposed to employ special arrangements for 
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training the guns. For propelling the vessel it proposed to em- 
ploy two pair of paddles situated within the armour plates, as 
shown in the illustrations, it being considered that by so doing 
greater facility for manceuvring would be obtained than by the 
employment of the screw, particularly if the paddles were ar- 
ranged to work independently of each other. The floating bat- 
tery, shown by Figs. 3 and 4, is of the same general construc- 
tion as the vessel above described; the ends are, however, dif- 
ferent, as the illustrations will show. Amongst other advan- 
tages claimed by Mr. Lyster for his system of construction are, 
that from the oe of the shield it would be less liable to be 
penetrated by shot than the ordinary vertical sides, and from 
the shot striking it obliquely less strain would be put upon the 
framing by the concussion; that the vessel would be capable 
of resisting vertical as well as horizontal fire, and that from the 
peculiar form of the cross-section very great stability would be 
obtained. A very large floating power could also be obtained 
with a small draught of water. The sloping sides would 
have the advantages of very greatly increasing the difficulty of 
boarding the ship, and in hot weather Mr. Lyster proposed, in 
order to cool the vessel, to allow a film of water to flow over 
them from perforated pipes placed around the main deck and 
supplied with water by the engines when required. As re- 
gards the mode of propulsion, Mr. Lyster considered that the 
paddles arranged as he proposed would not only give greater 
power of manceuvring, but would be less liable to foul than a 
— from their position, they could, if fouled, be easily 
cleared. 





ROAD TRACTION ENGINES. 


Wirn the change of Ministry there is every proba- 
bility of a relaxation of the obstructive and mischievous 
legislation on steam traction engines. For these there 
is a large and increasing demand, since by means of 
them work can be done at half the cost of horse- 
power. The first of a number of traction engines re- 
quired by the Ottoman Carrying Company has recently 
been turned out by Messrs. Diibs and Company, Loco- 
motive Works, Glasgow, to the designs of Mr. D. K. 
Clark, C.E., embracing the Bray driving wheel and 
many points of novelty which have been protected by 
— The engine is intended for service in Syria, 
petween Damascus and the port of Beyrout, a journey 
of 68 miles, across Mounts Lebanon and Anti-Lebanon, 
and is to carry 10 tons of goods over steep inclines 
of 1 in 12, and others scarcely less steep, at the rate 
of from 3 to 5 miles per hour. This engine differs in 
several important particulars from the ordinary con 
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struction of traction engines. These have for the most 
part been made, as a sine gud non, cheap, after the 
model of the common portable engine, for agricultural 
purposes, combining the means of occasionally taking 
a load across a field or along a country road, with the 
means of driving machinery. But in the new engine, 
which is supported on bearing springs, a strong frame 
is constructed expressly to carry the boiler and the 
whole of the machinery, also to bear all the stress and 
fatigue incidental to the hauling of heavy loads on 
common roads. By means of a compact differential 
motion, the engine is enabled to turn the quickest 
curves, with a train behind it, with the greatest 
facility, the outer driving wheel being by self-acting 
means enabled to revolve faster than the inner one, as 
in an ordinary carriage or wagon; thus the whole 
tractive power of the engine is available in turning the 
curves, getting rid of the stress and loss of power 
caused by the inevitable slipping and grinding of en- 
gines not so fitted. The machinery is arranged hori- 
zontally beneath the boiler, and thus a very simple 
and compact system of framing has been matured. 
The Bray teeth which are applied to the driving 
wheels are formed hollow, so as to receive the thrust 
of the teeth rods inside, and thus to avoid the tilting 
action of a thrust on end. By means of these and 
other specialties Mr. Clark has endeavoured to com- 
bine great strength and lightness with efficiency and 
durability, at the same time that the cost is moderate. 
The engine carries 500 gallons of water and 15 cwt. of 
coal, and when tested with the regulation load of 10 
tons, carried in two wagons over the steep inclines of 
the Cathcart road, near Glasgow, she ran at an 
average speed of 44 miles per hour, going and re- 
turning, the prevailing gradient being 1 in 13}, on 
a macadamised surface. The maximum speed was 
about 6 miles per hour, equal to that of a London 
four-wheeled i The engine has been solidly con- 
structed of the best materials and workmanship, and 
has been beautifully finished, to the great credit of 
the young but already celebrated firm of Messrs. 
Diibs and Co. This, the first traction engine con- 
structed for the Ottoman Company, is named the 
Abdul Aziz, 
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THE ACTION OF RAILWAY WHEELS. 


Tne mechanical conditions of the action of locomo- 
tive driving-wheels, and of railway wheels generally, 
upon the rails do not appear to have even yet been 
investigated. We not only continue to employ the term 
“adhesion,” but that of “‘ stiction” was once proposed 
by Professor Gillespie, of the United States, and we 
have still more recently heard of “ adhesional friction,” 
and been told that the normal rolling action of railway 
wheels is identical with percussion. 

Now the manner in which locomotive wheels move 
upon, and exert tractive force upon, the rails is — 
and admits of easy investigation, notwithstanding that 
the pressures—upon the actual bearing surface of the 
wheels upon the rails—are very much greater than have 
ever been employed in experiments upon friction. The 
actual bearing surface is necessarily very small, and 
geometrically one cylinder rolling along the side of 
another can have only a poiné of bearing. Where rails 
5 in. deep are rounded, as is usual, with a radius equal 
io their own depth, their surface, when new, is that of 
a cylinder 10in. in diameter. Yet the weight upon a 
single driving-wheel is often 5 to 6 tons, while in the 
case of the Metropolitan Railway engines it is 7} tons. 
The extent of the bearing of these weights depends 
upou the resistance of the tyre and the rail to com- 
pressive strains. Supposing the former to be a true 
circle 6 ft. in diameter, then at half an inch on each 
side of the point in contact with a plane rail the sur- 
faces will be separated by s}oth inch only. Were the 
rail and tyre each to yield to one-half this extent, there 
would be contact for the length of an inch along the rail, 
although the pressure would not, of course, be uniform 
over that distance, but would be greatest at the 
geometrical point of contact. The wheel being conical 
or cylindrical, and the radius of the head of the rail 
being 5 in., the same amount of yielding would give 
but 0.36in., or less than $in., of bearing across the 
rail. Here we should have a contact of nearly 3 of 
one square inch, although the greater portion of the 
pressure of the wheel would be concentrated upon but 
a fraction of even this small surface. The amount of 


yielding, and consequent extent of the bearing surface, 
would depend wholly upon the resistance of the tyre 


and rail to compression. A sharp-edged and flat-faced 
die, 4 in. square, makes a distinctly visible impression 
upon a bar of soft Lowmoor iron, 3 in. thick, and planed 
smooth, only when the pressure is 24 tons per square 
inch, although the effect of pressures of 20 tons, 16 tons, 
and even 12 tons may be barely perceived by 
“shading ” the bar to the light. Hard iron, like that 
in the head of a rail, bears a much higher compressive 
strain, and steel bears pressures of from 80 to-100 tons 
per square inch, without any visible yielding, the last 
comed yressure of 100 tons per square inch being 
the mt 10 pressure of steel punches in punching iron 
plates. ‘There is no reason to doubt, therefore, that the 
maximum bearing pressure of locomotive driving- 
wheels upon new rails, of which the rounded head has 
not yet been worn flat, is 20 tons per square inch in 
the case of iron and from 30 to 50 tons in the case of 
steel, for these materials are known to bear these 
pressures without yielding to the extent which would 
“ necessary to give a bearing of even one quarter of a 
square inch for a wheel loaded with 5 tons. 

These pressures, we need hardly say, are far beyond 
those with which it would be possible to experiment 
upon the friction of rubbing surfaces, although they 
might be employed without difficulty in experiments 
upon static friction. In the case of the friction of 
rubbing surfaces, only a sew hundredweights of 
pressure can be maintained, per square inch, without 
abrasion or “ seizing” of the surfaces in contact. There 
are but few cases, such as those of the launching of 
ships and the consideration of the “ bite” of locomotive 
driving-wheels, where it becomes important to investi- 
gate what is called static friction, or the friction which 
arises between surfaces in contact and at rest upon 
each other, before motion can commence. Hence 
experiments upon static friction have never been 
attempted with pressures such as are exerted by loco- 
motive wheels upon railway bars, and the real intensity 
of the pressure ie not even been generally perceived. 
Thus, a few months ago, in a paper read before one of 
the minor engineering bodies, a youthful philosopher 
thought the utmost pressure of locomotive driving- 
wheels upon rails might possibly amount, in some 
cases, to five or six tons per square inch for a portion 
only of the whole bearing surface of the wheels upon 
the rails, and in the subsequent discussion it was 
laid down that wrought iron was crushed at a pressure 
of 12 tons per square inch! Experiments upon crush- 
ing are generally made upon small cubes of the material 





experimented upon, and here the yielding is far greater 
than in the case of surfaces only upon a small area of 
which the pressure is applied. Thus Mr. Fairbairn 
(vide Iron Ship Building, p. 48) finds that steel with- 
stands a pressure of 120} tons upon a cube 1 in. square, 
with but very slight ultimate compression, and that a 
cube of wrought iron of the same size was flattened, 
only, | reduced 28 per cent. in thickness, by a 
pressure of 74 tons. 

But, however much greater may be the pres- 
sure of locomotive wheels, per square inch of 
actual bearing surface upon the rails, than any- 
thing yet experimented upon in the investigation 
of friction, no difference in the real nature of the 
resistance to slipping can be assigned between 
pressures of a few hundredweights and others of seve- 
ral tons per square inch. It is only necessary to bear 
in mind that there is no true adhesion in either case, 
no superficial sticking, independent of the weight. 
For the least force in excess of the weight upon a 
locomotive wheel would lift it at once from the rail. 
Let us next suppose steam to be turned upon the 
pistons, but let the pressure be such only that the 
wheels neither slip nor move forward, the engine 
being held back by the resistance of the train; and 
most engine drivers are familiar with such a case arising 
from shortness of steam. Here no difference can be 
assigned between the force acting between the wheel 
and rail and that which attends ordinary static fric- 
tion. With clean surfaces and without lubrication, 
the static friction of iron on iron was ascertained by 
Morin to be from one-fourth to nearly one-third the 
weight. His experiments were confined to moderate 
pressures, and Rennie found the coefficient with some- 
what higher pressures to rise to upwards of four- 
tenths of the weight. The coefficients of one-fourth 
to one-third are well known to be often attained by 
locomotives when working over clean rails. And the 
wheels and rails are not sensibly abraded in the case 
of the wheels standing still with steam on the pistons, 
as under the conditions above mentioned. If the 
wheels slipped upon the rails, the coefficient, then due 
to rubbing instead of static friction, would be less, and 
the rails would be rapidly worn, the tyres—from the 
constant change of bearing surface during slipping— 
being less worn. There is nothing, so far, differing 
from the ordinary conditions of static friction except 
that the pressures are greatly in excess of anything 
experimented upon by Morin or Rennie. Neither 
science nor the most adroit attempts of terminologists 
can find anything, thus far, upon which to pin the 
term “ adhesional friction,” nor has the slightest fact, 
or pretension to a fact, been brought forward to 
show that any change in the real nature of static fric- 
tion occurs, as has been represented (in the paper 
alluded to) at 1500 1b. per square inch, nor at any 
other pressure. 

We have next to suppose the engine to move off, 
the steam traction as well as the static friction of the 
wheels being in excess of the resistance of the train. 
Here we are to remember that each point in the peri- 
phery of the driving-wheel describes a succession of 
eycloids, and that each point descends to and rises 
from the rail ina ontiel direction, when just upon 
the verge of contact. There is no sliding, no repeti- 
tion of the contact of a single point in one surface with 
a single point or successive points on the other. Make 
a chalk mark on the edge of the tyre,,and it will come 
down upon the rail and rise again, as it goes sweeping 
through successive cycloids. The interval of contact 
can hardly be expressed in measures of time or of dis- 
tance. If the contact be regarded geometrically, as 
that of two points, it will occupy neither time nor 
space ; and, practically, the interval is one only of a 
small fraction of an inch, and a much smaller fraction 
of asecond. Yet, while a given point in the tyre is 
in contact with a point in the rail, the former point is 
absolutely at rest—as much so as when the engine 
was standing, with steam on the pistons, but unable to 
move. And the point in the tyre which is in contact 
with the rail being thus at rest, the friction must still 
be static friction, and the remarkable and newly dis- 
covered property of “ adhesional friction,” of which we 
have heard, cannot, therefore, apply. The term may, 
indeed, be dismissed at once, as the invention of one 
who coined it to meet a case of which he could not 
understand the simple and obvious conditions. Who- 
ever deals with the question should remember that 
geometry and observation alike show that the point of 
contact on a rolling tyre is always at rest with respect 
to the plane surface over which it rolls—absolutely at 
rest, no matter how great may be the forward bodily 
motion of the tyre or wheel as a whole. This one fact 
being borne in mind will prevent any misconception of 





the conditions of rolling friction, which are necessarily 
those of static friction, and static friction only. 

As for percussion, in the sense in which engineers 
understand the term, there can be none from truly circu- 
lar wheels rolling forward upon plane rails. Percussion 
implies a direct blow, and not a stroking motion; for the 
effect of rolling or sliding upon the rails may possibly be 
termed stroking, although even this application of the 
term is hence Percussion implies the instantaneous 
discharge, upon a point or a surface, of the energy accu- 
mulated by a body poreeey in motion towards that 
point or surface. In this sense no percussion can 
possibly take place between a truly circular wheel and 
the plane rail along which it rolls, no more than per- 
cussion can take place between a driving strap and 
the pulley around which it runs. Although any given 
point in the wheel may descend to and ascend from the 
rail vertically, as the point completes one cycloid and 
enters upon another, there is no percussion; for the 
vertical motion is extinguished, not by a blow, but by 
exhaustion, just as it meets the rail, and commences 
again as it Somes it. It has, however, been often 
urged that railway wheels inflict “ blows” upon rail- 
way bars. So they do at joints and inequalities, and 
by the surging or swaying of the wheels out of their 
proper path. True blows are given. then, and the 
effect of these blows is necessarily, or by a law of 
nature, as the square of the velocity with which they 
are struck. So frequent, indeed, are these blows at 
high speed, and so rapidly is their effect increased by 
speed, being one ented times greater at sixty than 
at six miles an hour, that they really form the principal 
resistance at high speeds. The work stored up in the 
train in motion is as the square of the —_ and any 
irregularity acting to throw any part of the train, or 
the whole of it, out of a direct course, offers a resist- 
ance which for this reason must be also as the square 
of the speed. And even the best made railways are 
filled, so to speak, with such irregularities, and the 
ingenuity of engineers has failed to keep them out. 
Some of them cause true blows, true percussion, but 
these have nothing to do with true rolling. Rolling 
motion is the same between a wheel and a plane as 
between two smooth friction wheels with cylindrical 
rims. Let two such wheels be well fitted in fixed 
bearings, and then run in contact with each other 
under constant pressure, and their rolling resistance will 
be found to be constant at all speeds. The resistance 
to true rolling is, like axle friction, constant at all 
speeds, and this fact alone proves, even were there no 
other proof, that it can have nothing in common with 
percussion. As the wheel rolls forward, the rail is 
indented, and the tyre is flattened, to some extent—it 
is not necessary to inquire now to what extent—and 
the resistance to this indentation and flattening is also 
constant, being produced by a constant force. 

A given flattening of the tyre and indentation of the 
rail must offer a greater resistance at high than at 
low speed; and as the pressure (due to gravity) acting 
to cause such flattening and indentation is constant, 
the extent of flattening and indenting must be less at 
high than at low speeds; and thus at high speeds the 
wheel must run almost upon a geometrical point. 
rw the combined flattening of the 6 ft. tyre and 
indentation of the rail to amount to s3gth of an inch, 
thus giving 1 in. of longitudinal contact on the rail 
when the wheel is moving slowly. The work done 
upon each successive particle of the surface of the 
tyre and rail, where they are in contact with each 
other, will be to put them in motion, in opposite di- 
rections, through the g3,th of an inch in the space of 
time within which the wheel rolls $ in. forward. But 
as the motion of the successive particles thus caused 
in flattening and indenting increases in velocity di-: 
rectly as the speed, the resistance which it would 
oppose would necessarily increase as the square of the 
speed. And as the pressure causing this motion is 
constant, being that of 5 tons, or whatever may be the 
weight upon the wheel, the flattening and indenta- 
tion must be less at high than at low speed, the wheel 
thus pease almost upon a geometrical point at high 
speed, merely because there is not time for the par- 
ticles to yield. To go a little out of the way for a 
—— one may be found, under somewhat al- 
tered conditions it is true, in the case of a boat drawn 
very rapidly through the water. At very high speeds 
it would be drawn over or upon the surface of the 
water, sliding upon instead of floating in it, and be- 
cause each given particle of water could not, by the 
mere weight of the boat, be put into motion down- 
wards or sideways with the rapidity necessary to allow 
the boat to sink to its true displacement. 

Now, the total resistance to rolling is not increased, 


nor, probably, is it diminished, by the smallness of the 
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contact surface between the wheel and the rail at high 
speed; but the instant pressure upon the particles in 
contact is thus greatly increased, and a line of iron is 
ground off in fine powder or minute scales where a 
larger bearing, as also a lower speed, would be at- 
tended with but little wear. It is not improbable 
that the momentary pressure between the tyre and 
the rail is even 100 tons per square inch, or, m other 
words, that the pressure of the 5 ton driving wheel 
bears at times upon as little as the ,th part of a 
square inch. 

In all other cases where we have to consider the 
application of a weight to a beam or other support, 
the weight is supposed to be left on for at least the 
short time within which it produces its full effect. A 
second is quite long enough, but in the case of a wheel 
going sixty miles an hour each inch of the rail is passed 
in less than the one-thousandth part of a second 
(xdssth sec.). The effect of a weight can be that only 
of its gravity or disposition to fall, and in the one- 
thousandth part of a second its fall, if unchecked, 
would be less than the s@soth of an inch, and if it have 
the resistance of a stitf rail to overcome, it must 
obviously fall through a still less distance in the same 
time. ‘There is not time for the rail to yield to any- 
thing approaching its ultimate deflection due to the 
same weight instantaneously applied, and /eft on, for 
before it has deflected perhaps the ten-thousandth of 
an inch the weight which had thus begun to act is 
removed. Steam hammers, cannon balls, smith’s 
anvils, and armour plates have been referred to, but 
they have nothing whatever to do with the case. The 
hammer and the shot represent so many -foot-pounds 
of energy which is wholly expended on striking, the 
moving body being brought to rest, whereas the point 
of rolling contact of a wheel upon the rail is, geo- 
metrically speaking, always at rest, and thus has no 
mechanical energy to expend. It will be seen that 
we are not disputing that the static weight of the 
wheel is fully communicated to the surface of the rail, 
aud even propagated as pressure throughout its depth ; 
but the effect of such a pressure, momentarily applied 
and ‘as soon removed, can never be equal to that of the 
same pressure suddenly applied and left on to produce 
ts full deflection. 

The wear of railway bars is known to increase 
rapidly with the speed, but this fact is due, not to the 
alleged fact that the normal resistances to rolling in- 
crease as the square of the speed, according to the 
laws of percussive force, but because the abnormal 
resistances to rolling—such as those from joints, in- 
equalities, lurching, &c., necessarily follow that dupli- 
cate ratio. In theory—that is, supposing truly 
circular wheels and mathematically plane railsa—the 
constant resistance to rolling would be no greater at 
300 than at 30 miles per hour. In this fact we have 
one of the strongest incentives to the improvement of 
the permanent way, if it can possibly be improved, as 
we believe it may. And when we say improvement, we 
mean such as will really diminish the resistances to 
fast rolling motion, the abnormal resistances arising 
from jolts and inequalties, It is these resistances 
alone which give any colour to the pretence that the 
normal resistances to rolling are those attributable to 
percussion. ‘True rolling has nothing whatever in 
common with percussion, and the terms are wholly in- 
compatible, just as their effects are incommensurable. 








Prestes WATER SuppLy.—Mr. Gale, C.E., of Glasgow, 
has submitted a report on a new supply of water which it is 
yroposed to bring into Peebles from Meldon Burn. Mr. Gale, in 
bis report, sets forth that the point where it is proposed to take 
the water from Meldon Burn is at an altitude of 724 ft. above 
Ordnance datum, and at a distance, by the proposed line of 
sipe, of 8653 yards, or nearly five miles, from the west end of 
High-street; that the High-street appears to be about 540 ft. 
above Ordnance datum, or 184 ft. below the proposed point of 
intake on the Meldon Burn. The pe proceeds to show that, 
as the feuing ground on the south side of the Tweed rises to an 
elevation of 611 ft., and as it is assumed to be necessary to 
deliver. the water at a height of 50 ft. above the surface of 
the ground, the net available fall for the supply of this part of 
the town is reduced to 80 ft. Mr. Gale, taking it for granted 
that there is a population of 8000 inhabitants to be supplied, 
and allowing for each individual 20 gallons per day, sets down 
the day’s supply necessary at 60,000 gallons; and presuming 
that the present works, at their smallest discharge, will yield a 
supply of five gallons per minute, or 5000 gallons a day, 55,000 
gallous per day would still require to be provided from Meldon 
Burn. To allow for this quantity, Mr. Gale sets forth that a 
five-inch pipe, with a fall of 80 ft. from Meldon Burn, would 
deliver a little over 60,000 gallons in twelve hours, so long as it 
is not affected by incrustation. Mr. Gule’s report is to be carried 
out. 

ENGINE-DRIVERS IN France —On the Northern Railway of 
France the pay of the engine-drivers varies according to the 
class from 5/. to 71. per month, that of the firemen being from 
3/. to 5/. per month, The wages above mentioned are exclu- 
sive of the premiums, which in some cases nearly double them. 
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To THE EpiroR oF ENGINEERING. 


Sir,—Taking the density of common seawater at —=3.125 
per cent., then the quantity of water to be removed from the 
boiler to keep the water in the same at a density of ,4,, half the 
water requires to be removed, as the steam leaves its saline matter 
behind. Latewin, if a density of 4; is thought permissable, then 
4 of the water must be blown off, atd so on. Wemay assume the 
temperature of the steam to be the Same as that of the water when 
leaving the same, however much it may afterwards become super- 
heated by a high uptake or by a special superheater. The tempe- 
rature of boiling salt water is 1.2° higher for the same pressure 
than fresh water for every 2, of saltness contained in the same; 
and according to this the following table is calculated, showing 
the total heat of the steam at various pressures and densities of 
saltness in the boiler. The temperature of the water is also 
given, and to get the total heat of the water corresponding, it 
is only necessary to subtract 32° in each case, The lowest 
column gives the quantity of water required to be blown off to 
keep the water in the boiler at the density indicated at the top 
of the same column. The loss in heat by blowing off can now 
peat calculated for any pressure and density of saltness, as 
ollows: 
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Assume the temperature of the feedwater to be 110°. For a 
pressure of 20 1b. ‘per square inch, and a saltness of, say, 24 


82. 
we find the temperature of the water in the boiler to be 262.0°; 
the corresponding total heat of the steam is 1163.2°, the quan- 
tity of water to be blown off is .444. Now, calling the quantity 
of feedwater entering 1, that blown off is .444, and that retained 
is .556. The heat imparted to the water blown off is .444 
(262—110)=67.49°, the heat imparted to the steam is .556 
(1163.2—(110—32)=614.82°; we see thus that the heat lost by 
blowing off (67.49°) is to the total heat imparted (614.22+ 
67.49) 10 per cent. nearly, Generally speaking, calling the 
temperature of the water in the boiler ¢, that of the feedwater 
t,, the total heat of the steam ‘I’, the percentage of water blown 
off a, and that of the water converted into steam y, whence 
idee ." feed supplied, the loss in heat by blowing 
a2(t—t, 

yLl—(t,—32) +et—t,) 
Trusting the above inay be of some use, 

1 am, Sir, yours truly, 


off is= 


. JEN 
Gordon-grove, Holland-road, Brixton, July 16, 1866. 





Tue Frencn Instirution or Crvit Encinerrs.—La 
Société des Ingénieurs Civils, at the middle of June last, 
numbered 802 members, Its accumulated permanent fund 
amounts to 37007. Twenty-five members of the society having 
anonymously subscribed 20/. for a gold medal to be awarded by 
the council for the best paper read in 1865, the medal has been 
presented to Messrs. Huet and Geyler, for their paper upon the 
mechanical preparation of minerals, a paper of which we shall 
give a notice in our next number. 





MIRRLEES AND TAIT’S SUGAR MILL. 

The perspective engraving which we give on the next page 
shows very clearly the general arrangement of a sugar mill, 
driven by a horizontal engine, as made by Messrs. Mirrlees and 
Tait, of Glasgow, a firm well and favourably known as manu- 
facturers of machinery of that class. Of this mill and engine we 
intend shortly to publish illustrations showing the constructive 
details, and in the present description we shall therefore confine 
ourselves to general particulars. The machinery is driven by a 
high-pressure horizontal engine with a single cylinder, 22 in. in 
diameter and 4ft. stroke. ‘The steam chest is placed on the top 
of the cylinder, and the slide valve is worked, through the in- 
tervention of a rocking-shaft, by means of link motion of the 
“stationary link” kind. ‘The feed-pump and that for raising 
the syrup are also worked by arms fixed on the end of a rock- 
ing-shaft, which is carried across the engine near the crank-shaft, 
this rocking-shaft being worked by means of another arm which 
depends from it, and is connected by alink with the piston cross- 
head. The governor is carried by a neat bracket above the guide 
bars, and is simply and directly connected with the throttle valve, 
which is placed in the steam pipe just above the steam-chest 
cover. There is no separate expansion valve; and indeed in 
sugar-mill engines generally, but little importance is attached to 
expansion, the engines being usually worked up to their full 
power. The exhaust steam is employed in the evaporation and 
clarification of the cane-juice, and it is this fact, together with 
its greater simplicity, which renders the high-pressure engine 

referable to one of the condensing class for working a sugar mill. 
The engine is fitted with a 20 ft. fly-wheel weighing 9 tons, and 
the fly-wheel shaft is connected to the mill by a heavy train of 
compound gearing, the bearings of which are supported by a mas- 
sive bedplate fixed by the side of that belonging to the engine. 

The mill has three rollers, each 7 ft. long and 2ft. 9in. 
in diameter, each of the bottom rollers being furnished 
with end flanges or collars, between which the top roller 
runs. The roller bearings are carried by a pair of headstocks 
or mill-cheeks of great strength, these being fixed upon a heavy 
bed-plate, which is made so as to form a trough for the reception 
of the expressed juice. The weight of the bed-plate is over 5 
tons. ‘The top roller is placed with its centrein a line with that 
of the main wheel of the gearing, and its bearings are fixed, the 
top covers which receive the thrust being held down by bolts 
which pass down through the cheeks and bed-plate, and are 
secured by washers and cotters beneath the wooden beams form- 
ing part of the foundations. By this means a great length of 
bolt is obtained, which, together with the compressibility of the 
wooden beam, gives a certain amount of elasticity, and enables 
the top roller to yield slightly when an extra strain is thrown 
upon it by a “ glut” of cane. The bearings of the lower rollers 
are adjustable horizontally by means of screws, so that either 
roller may be placed at any required distance from the top 
roller. ‘The first roller, or that which receives the cane, is 
generally placed from 4 in. to 1din. from the top roller, so that 
the cane is readily taken hold of, whilst the distance between the 
top and back rollers is regulated, so that the “‘megass” or waste 
cane is delivered in a good state. The megass forms in almost 
all cases the principal, and in some instances the entire, fuel 
consumed in the manufacture of the sugar, and it is therefore 
important that it should be delivered in a proper condition. If 
the top and back rollers are too close, the megass will be crushed 
to powder; and if they are too wide apart, there will be a waste 
of juice; in the former case the megass will, when dry, be too 
light to be employed as fuel, and in the latter, in addition to the 
loss entailed by the diminished yield of sugar, acid fermentation 
sets in if the megass is not dried quickly, and its value as fuel 
is lessened. 

To convey the cane to the mill, a ‘‘cane-carrier” is em- 
ployed; this consisting of a pair of endless chains placed at a 
distance apart less than the length of the rollers, and con- 
nected by strips of board fastened to each link. These chains 
are carried by two sets of drums, one placed at the top of the 
cane table, a8 shown in our illustration, and the other, at any 
required distance, or, say, with a mill of this size, 100 ft. or 
120 ft. The chains with their boards thus form a continuous 
travelling table of the above length, motion being given to the 
drums at the-top of the cane table by means of a pitch chain 
driven from a suitable wheel at the projecting end of the front 
roller. A somewhat similar arrangement is employed for re- 
moving the megass from the back of the mill, the ascending 
chains in this case working within a wooden trough, as shown 
in the engraving. ‘The cane-carrier is loaded with canes to a 
depth of 12in. or 14in., and delivers them to the ‘ cane table,” 
a steeply-inclined plate, which leads them to the front roller. A 
mill of the sizes we have above mentioned, is capable of crush- 
ing about 6500 cubic feet of cane per hour, this being equivalent 
to the expression of about 4000 gallons of cane-juice, equal to 
about two tons of dry sugar. In some cases, Messrs, 
Mirrlees and Tait have fitted their mills with beam 
instead of with horizontal engines, and we may men- 
tion here that for engines of the same power and 
general strength of construction, it has been found that the 
former weigh more than twice as much as the latter. For 
driving a mill of the size above given, the beam-engines sup- 
ones by Messrs. Mirrlees and Tait weigh 44 tons 9 cwt., and the 
norizontal engines 20 tons. Part of the excess of weight of 
engines of the former class may, however, be set down to their 
being worked at a less number of revolutions per minute, and, 
consequently, being provided with acylinder having 6 in. longer 
stroke, and with a heavier fly-wheel; about 15 tons, however, 
may be fairly said to be saved by the horizontal arrangement. 
The sugar-mi!l, which we have been describing, forms a very 
good example of the best modern practice in this class of ma- 
chinery ; the excellence of its proportions will perhaps, however, 
be more clearly seen when we publish the more detailed draw- 
ings to which we have already referred. 





THe LATE Mr. Arroip.—In correction of a paragraph 
which recently appeared in this journal, we are happy to state 
that Mrs. Appold is living and in good health, She is now 
residing in Brighton, and all who had the pleasure of knowing 
Mr. Appold in his own home will sincerely wish this amiable 
lady many years of health, and all the happiness of which her 
bereayement will permit. 
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MESSRS. MIRRLEES AND TAIT’S SUGAR MILL. 
(For Description, see preceding Page.) 
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THE STEEL RAIL QUESTION. 


THERE are few questions which now possess the 
same importance to railway engineers and railway 
companies as that of the substitution of steel for iron 
rails. It involves not only the broader consideration’ 
of the durability of rails, but it embraces also nice 
questions of the relative strength of steel and iron, of 
their cost when new, and their value when worn out. 
On the occasion of the recent discussion of Mr. Price 
Williams’s paper at the Institution of Civil Engineers, 
the engineering advisers to the railways of the United 
Kingdom and the colonies dealt practically and com- 
mercially with these questions, and we cannot in- 
terpret the result of the discussion otherwise than as 
a verdict in favour of steel rails, although we are still 
wanting precise data upon which the extent of their 
superiority over iron may be definitively pronounced. 

Mr. Williams, in dealing with the question of the 
life of a rail, endeavoured to bring it as far as possible 
to that of its mechanical service, and he made the tons 
moved over a rail the standard of wear, rather than the 
number of years during which it might be in use. 
Two rails, of equally good quality, might be worn out, 
the one in three years upon one line, and the other in 
twenty years upon another; the wear following the 
total weight and the speed of all the trains running over 
the rail. The former standard approaches precision 
where that of the service in years does not; but even 
the tons of traffic borne does not form a precise stan- 
dard, inasmuch as the wear is related—we will not 
say in what ratio—to the speed, and to the maximum 
weights upon a wheel, besides being closely related to 
the general condition in which the line is maintained, 
and to that of the rolling stock. Mr. Williams found, 
from the results of careful observation and record, 
that good iron rails bore from twelve to fifteen million 
tons of moderately fast traffic and thirty-eight million 
tons of slow traffic, while Bessemer rails had borne 
ninety-five million tons of slow traffic without being 
nearly worn out on even the single face. It seems to 
be a notion that rails on down gradients should not 
wear out as fast as those on up gradients, and thus the 
question of the pitch and direction of gradients might 
be considered to enter also into that of wear. But 
the vertical pressure of a train or a single wheel upon 
an inclined rail is the same whether the wheel be 
rolling up or down, and. it is the vertical pressure 
taken in connexion with the total force of motion act- 
ing upon the train—or the work stored up in it—that 
determines the question of wear; and the destructive 
forces are the same, although the engine force may not 
be the same, in moving a train down a gradient, 
along a level, or up a gradient, the speed being sup- 
posed the same in each case. By destructive forces 
we mean the conjoined effects of vertical pressure and 
advancing motion. The utilised bite of the engine 
wheels must be harder in going up than in goin 
down a gradient ; but it is not certain that the longi- 
tudinal force exerted along the rail by what we call 
the adhesion of the engine produces any sensibly de- 
structive effect at all. In other words, supposing no 
slipping, it is not certain that any more wear attends 
the working of a locomotive in the ordinary manner 
than would attend its motion if towed over the line at 
the same speed. The friction, or so-called adhesion, 
whereby locomotives are self-moving, is demonstrably 
simple static friction, and, so long as there is no slip- 
ping of the surfaces in contact, it is not clear that the 
rails are sensibly injured by the longitudinal thrust of 
the driving-wheels acting upon them. Mr. Williams 





has found that, with the same tonnage on ascending 
and descending gradients of the same pitch on the 
Great Northern line, the falling rails wear out much 
the sooner, no doubt because of the greater speed 
maintained upon them. Thus, on a descending gra- 
dient of 1 in 200, between Hatfield and London, the 
rails are worn out in three years with an average traffic 
of 12 million tons. On a rising gradient of the same 
pitch, not far from Peterborough, the same quality of 
rails lasts six years, and bears 25 million tons. 

The questions of durability and of strength have 
been decided, and, we may say, without any qualifica- 
tion or deduction, in favour of the steel rail. There 
were 952 million tons over the Chalk Farm rail, and 
the Bessemer rails at and near Crewe Station have 
borne, in one part of the line, 52 million tons with a 
wear of only 3%; in., and in another 18} millions with 
but 33; in. wear. 

As to strength to bear heavy strains and sudden and 
severe blows, the steel rails are almost beyond com- 
parison with iron rails. Supported — 5 ft. bear- 
ings, steel rails were found by Mr. Kirkaldy to bear in 
one case over 80,000 Ib. applied at the centre, and not 
one bore less than 25 tons, while the iron rails, tried in 
the same manner, bore from 36,000Ib. to 50,000 Ib. only. 
Mr. George Berkley has tested steel rails on 3 ft. 74 
in. supports, to a central bending strain of 64} tons, 
and he has found the tensile strength of the steel to 
be from 41} to 434 tons per square inch, according as 
the steel was from the web or the head of the rail. 

As for resistance to impact, Mr. Berkley not long 
since tested some Bessemer axles, of nearly the 
same quality as steel rails, with some most extra- 
ordinary results. They were railway-carriage axles, 
32 in. in diameter, 7 ft. 2in. long, and were placed 
upon bearings 3 ft. apart. A falling “tup,” or ball, 
weighing 14 cwt. 3qr., or nearly ? ton,. was then 
allowed to drop upon them from heights, successively, 
of 5 ft., 10 ft., 15 ft., 20 ft., and 35 ft. The first axle 
bore five of these blows, and was deflected 25 in., but 
there was no appearance of fracture. The second, 
after two blows of 10 ft. and 15 ft., was then nicked 
with a cold chisel expressly to break it, the fall then 
employed being 25 ft A third axle, struck with a 
14 cwt. ball, bore blows from a height of 11 ft. 6 in., 
17 ft., and 23 ft. 6 in., and finally broke with a blow of 
36 ft. fall. A fourth was broken by two successive blows 
from a height of 30ft. each. A fifth bore five blows, 
the fall rising progressively to 30 ft., but the axle was 
not broken. A sixth bore two blows successively, the 
fall being 10 ft. 6 in., and was then nicked and broken 
with a fall of 25ft. 

But axles are not rails, and Messrs. M‘Clean and 
Stileman made some trials of the breaking strength of 
73 1b. steel rails and 80 lb. iron rails for the Furness 
and Midland Railway Company. The rails were keyed 
in chairs 4ft. apart, and a 5 cwt. tup or monkey was 
employed. A fall of 4 ft. produced no set in the steel 
rail, a fall of 10 ft. gave lin. set, and a fall of 20 ft. 
24in. set only. The rail could not. be broken with 
the means at hand. A second rail took a set of. only 
lin. from a 20 ft. fall of the same-weight, and a set 
of 14 in. from a further blow of 26 ft. fall. This, too, 
could not be broken. The iron rails, nearly 10 per 
cent. heavier, broke, the one with a 6 ft. fall of the 
same weight, the other with an 8 ft. fall. The sets 
were but trifling, showing, apparently, brittleness of 
the iron. 

The durability and strength of Bessemer rails being 
thus proved and conceded, the next questions are those 
of first cost, interest on cost, and the value of the old 
material when worn out. If the steel rail last twenty. 
years, where the iron rails last three, then the railway 
company will lay out of the whole cost of the steel 
rails for twenty years, where with iron the first cost is 
not only less, but a considerable sum is recovered at 
the end of three years towards further renewal. Then, 
again, it becomes a question whether it is fair, after 
what has been seen, to compare iron and steel rails of 
equal weight, and whether compound interest or simple 
interest is to be considered. It seems reasonable to 
suppose that the full advantages of steel. rails would 
be had with considerably less weight than is employed 
with iron. Mr. Hawkshaw has expressed the opinion 
that the time has arrived when the weights of rails, to 
bear high speeds, should be increased, and that the weight 
of steel rails should not be less than 70 1b. or 80 lb. per 
yard; but this is not opposed to the proposition that 
stetl rails of lighter section than that of iron rails may 
be employed without sensibly diminishing the greater 
comparative durability of the former. It will perhaps 
be more satisfactory, however, to count upon equal 
weights in both cases, leaving any incidental advantage 
thereby gained for steel as an additional benefit. Steel 


4 finds no difficulty in welding ; 





rails are made at prices of from 12/. 10s. to 16/., and 
iron rails cost from 7/. to 8/., andif guaranteed, as are 
those made for the Great Northern, 9/. per ton. It is 
doubtful, however, whether really good steel rails can 
now be had for less than 15/., while really good iron 
rails cost 8/. to 8/. 5s. Mr. Schneider, of Barrow-in- 
Furness, has publicly stated, however, that first-class 
Bessemer rails may probably be made to yield a fair 
profit at 13/., and we may perhaps look to this as the 
future price of steel, under extended competition 
and for a considerable time to come. We can- 
not yet say how many iron rails a steel rail 
may be with certainty depended upon to wear out. 
But we believe that no competent engineer who has ex- 
pressed himself upon this subject considers the ratio 
of durability as less than three to one. In such cases 
we cannot adopt any precise data, but the general 
result of the comparison of the first cost, compound 
interest, and cost. of renewal is in favour of edd rails, 
when these are assumed to wear out each three iron 
rails. Mr. Johnson, of the Great Northern Railway, 
has made a careful calculation, the results of which 
are embodied in a table of much value, showing the 
cost, year by year, and the total cost for twenty years, 
of steel and iron rails, at from 12/. to 15/. per ton for 
the former and from 7/. to 10/. per ton for the latter, 
renewals being allowed for, ot compound interest 
allowed at 5 per cent. on all money as spent. Even 
this does not show the full value of steel, in the in- 
creased safety of the line, and in the lessened disturb- 
ance by relaying, &c.; but the results do show that 
steel may be adopted with confidence, and especially 
upon all lines where the traffic is great, and the con- 
sequent wear of rails rapid. From what Mr. Johnson 
has said, we cannot doubt that the Great Northern 
line, which has a few thousand tons of steel rails now 
in use, will eventually be relaid with them throughout. 
The Crewe Works are of a capacity to make 300 tons 
of steel rails a week, and between’ 50 and 100 
miles of steel rails are already dowh on the London 
and North-Western line. Mr. Harrison, of the 
North-Eastern, is using them in considerable quan- 
tities. Mr. Fox, of the Bristol and Exeter, has found 
them to be very far more durable than iron 
rails. Mr. Fowler and Mr. Hawkshaw are using them 
in their practice; Messrs. M‘Clean and Stileman have 
recommended their use; Mr. Berkley has abundantly 
shown their great strength ; and altogether the judg- 
ment of the profession may be said to have been dis- 
tinctly pronounced in their favour. When worn out, 
Bessemer steel makes valuable scrap, worth from 7/. 
to 10/. per ton. Mr. Schneider, of Barrow-in-Furness, 
and who, if any one, should know, has stated that the 
quality of Bessemer metal, as now made, admits of its 
being cut up, piled, re-heated, and welded with nearly 
the ease, cheapness, and certainty of iron itself. He 
; and the value of worn 
steel rails may be accepted therefore as at least in the 


same puageon to their original cost as holds good in 
the iron rails. 


A NEW NAVY. 

Aw idea is spreading that we have no navy fit to 
cope with facta. throwing shot of from 460 Ib. to 
1000 lb. weight, vessels, of which one has just paid us 
a friendly visit. Eight years ago we began the recon- 
struction of our navy, and there is now a prospect that 
we shall have to reconstruct it again. Never, we 
believe, were the Admiralty so much in need of the 
best engineering—as distinguished from nautical— 
advice as now. Although the defeat of Austrian 
power has not happened at sea, we have had 
a lesson, which none who can think for them- 
selves can reject, as to the dangers of resting 
in fancied security while other nations are doing their 
best to surpass us in the efficiency of their instruments 
and engines of war. While we are wondering at the 
size of the Rodman 15 in. guns, the Americans are 
preparing to make ordnance to throw 25 in. shot of 
nearly a ton weight. We are standing still or retro- 
grading, and have not a 13in. gun we dare take into 
action. We have failed, with our very best service 
gun, to destroy even the Royal Sovereign’s turret, and 
we know that other nations which have adopted the 
turret system are now making them of a strength very 
far indeed beyond that of the Royal Sovereign’s. 
We may make what allowances we like for Yankee 
brag, but we are told that Mr. Fox, the assistant secre- 
tary of the United States Navy, was ready to let our 
whole fleet hammer at the Miantonomoh for two days, 
provided we would afterwards allow that vessel to work 
ten hours’ havoc upon our ships in return. Let 
another Trent affair arise, and we may have scores of 
monitors upon us. 
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For our own part, we are bound by no professional 
prejudices in this matter. We have, before now, 
criticised the turret ships adversely, but we could only 
go by such evidence as we had before us. Captain 
Powell’s experiments upon the Coles shield of 1861 
had not been published in detail, nor had the Royal 
Sovereign been under fire, nor had the Monadnock 
doubled Cape Horn, or the Miantonomoh crossed the 
Atlantic. And we have not even yet data from which 
we can draw conclusions with certainty as to the effect 
of any other guns or the resistance of any other armour 
than that we have tried. We have been told that cast- 
iron shot break up and lose half their energy on strik- 
ing armour ; but we have the testimony of the Ameri- 
cans that they have fired 400 lb. spherical cast-iron shot, 
with 60 1b. of powder, right through a target formed 
of a large 6in. plate, made by Messrs. Petin, Gaudet 
and Co., and backed with 30 in. of oak. The shot was 
15 in. in diameter, and had an initial velocity of 1480 ft. 
per second. “A target, ag a of six 1 in. plates, 
* backed by iron beams 10 in. by 10 in., was torn in two 
“ and thrown down by similar projectiles. Laminated 
“targets, composed of lin. plates up to 13 in. 
“ aggregate thickness, and backed by 24 in. to 30 in. 
* of oak, have been ruptured and shattered through and 
“ through, though not completely penetrated, by the 
“ same shot and charges.” If we believe these results, 
to be correctly reported, it would be a fatal venture to 
expose our ships, a possibly, those most heavily 
armoured by Mr. Reed, to the fire of such ordnance. 
And the Americans have 20 in. guns, throwing 
shot of more than double the weight, and which, 
they repeat to us, will bear 100 lb. charges, while 
even 120 Ib. to 140 1b, is said to be within their 
strength. And, not satisfied with these, they have 
still heavier ordnance in progress. Such shot would 
we fear, smash through all our ordinary armour-plating, 
and the heavier shot would no doubt penetrate anything 
we have to set up against them, Upon these points, 
we admit, we are greatly in want of further informa- 
tion, but it is time that we set to work in earnest to 
test the destructive powers of large smooth-bore guns, 
liring cast or eronght iron spherical shot. In our at- 
tempt to employ large rifled guns, firing elongated pro- 
jectiles at high velocities where, in the shert-range 
actions of naval warfare, round shot would be exactly as 
good, if not: better, we-are working to pressures of 
powdergas which no ivran,:can bear. We have been 
secking to fire 600 lb. shot with a base for pressure of 
but 139 square inches, whereas the Americans give 
17 square inches for a 400 lh. shot, the consequent 
pressures per square inch necessary for a given initial 
velocity being nearly as two i& our guns to one in theirs. 
Now, indeed, the 13.3 in. boré.of the 600 lb. gun is to 
be diminished to 12 in., and the-area for the powder- 
pressure thereby reduced from*139 to 113 square 
inches. In the new American 25 in) guns, firing, say, 
2100 lb. shot, the pressure per square inch, requisite 
to generate a given initial velocity, will bé than in 
our so-called 600-pounder, the weights: an as of 
shot being, respectively, for the American 2100]b. and 
490 square inches, and for the 13.3 in. gun 600 Ib. and 
139 square inches. Let our ordnance authorities at 
onte instruct Mr. Fraser to make two or three 20 in. 
or 25 in. guns to fire round shot, and let the result be 
known. We are already far behind the Americans in 
the power and endurance of heavy ordnance, and they 
have plainly told us that their policy is to always 
maintain an ddvantage over us in this respect, if 
possible. 

As for our ships, we fear we shall have to begin 
again. We can have and must have ships safe against 
even the 25 in. gun, but we believe that, setting pre- 
conceived notions aside, these must of necessity be 
turret ships. We can plate them for seven feet under 
water, om for four feet above, with even 18 in. solid 
plates, if these can be rolled, and it is time we should 
try. We can as easily carry 18 in. plates on a 5 ft. 
backing over a height of 11 ft. as plates and backing 
of half the thickness over twice the height. We are 
still at the beginning of the art of building invulner- 
able ships of war 


Trarric wrru France.—Mr. Hotham, the British consul 
at Calais, states in his report rendered to the Foreign Office 
this year that the number of passengers who passed through 
the port of Calais in 1865 was 133,562—an increase of 13,800 
over the number in the previous year. The passenger traffic at 
Boulogne in 1865 he states at 136,104; at Steen 47,463 ; at 
Ostend, 20,087; at Havre, 17,610. 

BREKCH-LOADERS.—With the whole resources of the Bir- 
mingham Small Arms Company, as well as the Enfield Factory 
applied to the task of conversion, we are promised 150,000 
breech-loading rifles by the end of the year. 500 or 600 lads 
and girls are to be taken on in the cartridge department of the 
Royal Laboratory at Woolwich. 





PORTABLE ENGINES. 


Messrs. Penn anv Son’s little engines for ships’ 
launches, and of which we gave an illustration in our 
last number, are well worthy the attention of those 
interested in the improvement of portable engines. 
They are fine examples of workmanship, while their 
speed and the total amount of power given off are re- 
markable. With a boiler containing but 78 square 
feet of tube surface, and 4% square feet of grate area, 
from 34 to 38 horse-power are obtained, and four 
pistons 5 in. in diameter and 6 in. stroke are driven at 
from 600 to 750 double strokes per minute. These 
four pistons are equal to one of 10in. diameter, while 
the piston speed is equal to that of an 0 with a 
stroke of 14in., making 130 to 158 revolutions per 
minute. In other words, the volume of steam ni in 
a given time is the same as that in an ordinary ten- 
horse (nominal) portable engine, working at the same 
degree of expansion. But an average pressure of from 
45 lb. to 50 lb. is maintained upon the piston, and thus 
the actual work done is nearly double that in the ten- 
horse portable. All this power is got from a boiler 
only 284 in. diameter, and of which the barrel is but 
3-ft. 6in. long, there being thirty-five tubes 2}in. in 
diameter and 3'ft, 10in. long. It cannot be that the 
steam is worked very expansively when the full indi- 
ome: power is obtained, for this requires an average 
cylinder pressure of about 50 lb., while the boiler car- 
ries only 601b. to 801b. That so much power is thus 
obtamed from so small a boiler, even when the steam 
is worked with but little expansion, shows that a good 
rate of combustion is maintained, and it is not unlikely 
that some of the heat is allowed to go to waste, as the 
saving of weight in the case of such engines is of more 
importance than economy of fuel. The same boilers 
might be worked. wigh entire safety at 150 lb. pressure, 
if economy of fuel a consideration of importance, 
and thus a. mean presgure of 50 Ib. on the piston might 
be maintained with a good’ degree of expansion and 
with a less quantity of ‘steam, a less rapid rate of 
evaporation, and a very considerably less consumption 
of fuel, 

The boiler is but little, if any, larger than we should 
propess..,or an expansive engine to work up to 15 
10rse, power, an eugine with a single 6:in. cylinder, 
Yin. stroke, and working at 150 1b. pressare and 
at 300 revolutions per minute. Such ai. “engine 
ought not to consume more than half a)’ hun- 
dredweight of eoal, if as 
thus the combustion would be slow for each square 
foot of grate, while upwards of one square yard of 
tube surface for each cubie foot of water evaporated 
per hour would secure an economical rate of evapora- 
tion; 78 square feet, as in the launch engines under 
nétice, being allowed, together with the firebox surface, 
for the evaporation of 74 cubic feet of water per hour, 
corresponding to 15 indicated horse power. 

Makers of portable engines will find much in the 
details of Messrs. Penn’s lighter machinery worthy of 
study.. The cylinders and plummer blocks are directly 
connected, as they should be, in the line of strain, 
steel is freely employed, and the general lightness of 
the working parts enables them to be run, without 
severe strain, at from 300 to 370 revolutions per 
minute. Even the pump is worked at this speed, 
and gives no trouble. For steady work we should 
not of course recommend only a collar guide, and no 
cross head to the piston rod, but the judgment of 
agricultural engineers will readily guide them aright 
in the case of points like these. The circumstances 
under which the launch engines are worked differ 
in many respects from those of farm engines; but 
the former embody many of the features which must 
be adopted in the latter, in order to attain the best 
results. These are a boiler of a strength suitable 
for the highest pressures yet proposed for farm en- 
gines, and light and quick working parts made of 
steel. 








Tae QuvartTerRty Review.—The July number ot the 
Quarterly contains a carefully prepared article upon Iron and 
Steel, based upon Dr. Percy’s book, but dealing also with the 
manufacture and use of steel rails, with data derived from Mr. 
Price Williams’s paper, lately read at the Institution of Civil 
Engineers. The article contains, too, a good defence of 
patents, placing them upon their true ground as necessary 
encouragements to induce individuals, not to ‘‘invent,” in the 
mere sense of a mental exercise, but to practically and com- 
mercially work out valuable ideas, the results of which, but for 
patents, others would be at once ready to appropriate without 
expense of any kind. The reviewer enters very fully into the 
history, Working, results, and even into the future of the 
Bessemer process. The days of iron rails, for great express 
lines of railway, he considers numbered. The article will, we 
think, exercise much and valuable influence in many quarters. 


much, per hout, pnd. 





ENGINES FOR STEAM LAUNCHES. 


In our last number, July 13th, an account was 
given of the steam launch engines made by Messrs. 
Penn and Son, which made a speed of from 7} to 7$ 
knots, working high pressure. We now give the 
results of the trial of a steam launch, made on a new 
arrangement by Messrs. Rennie, with the addition 
of a surface condenser, which was officially tried at 
Portsmouth last month. These engines had but a 
single cylinder to each screw, and we are unable to 
say whether any difficulty was experienced from hang- 
ing on the centre. 

The dimensions of the boat were as follows : 

ft. in. 

Length ... ose 42 0 

Beam .. eee we 10 11 
Draft of water forward 1 il 

* » aft os m = 
Displacement ... 103 tons 
High pressure 
with condenser 

8.054 
328.5 
32.85 
tons cwt. qrs. 
Weight of engine, boiler, and condenser with water 38 10 0 
The weight of engine, boiler, and condensers. as 
lifted out is only ... oe ooo wo, 2 & 0 
Launches propelled by steam fora man-of-war are now 
becoming almost as much a necessity as engines in the 
vessel itself. We believe the fitting of the first ship’s 
launch with engines is due to Mr. A. Murray, chief 
engineer of Portsmouth Dockyard. These engines 
were of the portable kind, on the high-pressure system, 
and very similar to a small locomotive or agricultural 
engine, the engines being attached to each side, and 
driving a screw propeller under each quarter, From 
this model Messrs. Maudslay and Messrs.-Peunn fitted 
each a launch, but the weights were found to be 
nearly 5 tons ; and as the size of the ship’s boats cannot 
conveniently be increased, this weight is found too 
much when the boat: is fully loaded for service. The 
speed obtained by the Portsmouth launch was 6.742 
knots. 

Last year Messrs. Penn, Messrs. Maudslay, and 
Messrs. Rennie were asked to design such machinery 
as they each respectively custo best for the pur- 
pose. Messrs. Penn and Messrs. Maudslay did not 
depaxt widely from the general arangement of the 
Portsmouth type, although they producéa a much 


High pressure 
withvut condenser 
on 7.899 
826 

30.76 


Mean speed ose 
Revolutions of screw... 
Indicated horse-power 


‘lighter engine ; while Messrs. Rennie, to whom the 


merit of practically introducing the double-action 
screws with independent engines is undoubtedly due, 
proposed quite a new disposition, whereby the weights 
were reduced considerably under 4 tons, and the 
length reduced to 5 ft.10 in. Besides being adapted to 
work high pressure, each engine has a surface-con- 
denser, so that instead of continually adding salt 
water to supply the place of the water evaporated, 
the same water is used over and over again. The 
practical importance of this is apparent to all con- 
versant with high-pressure engines working with salt 
water, the deposit of the salt in the boiler being 
such a serious evil as to almost exclude the adapta- 
tion of high-pressure engines for use in salt waters. 
This modification, or rather addition of surface- 
condensers to high-pressure engines, by Messrs. 
Rennie deserves to be recorded. 

It may be remembered by some of our readers that the 
gun boats made during the Russian war were all high 
pressure, but the boilers deteriorated so rapidly from 
the accumulation of salt that they were afterwards 
fitted with condensers. But these were on the ordi- 
nary injection principle, tle adaptation of which to 
launch engines would be inadmissible. 

It is now fourteen years since the late Mr. George 
Rennie introduced the double-screw system, and con- 
tinually urged its importance for men-of-war, praetically 
demonstrating its advantages by the gun boats con- 
structed for the Indian Government under the Com- 
pany’s rule and in the Spanish gun boats. We trust 
that so long a time may not elapse before the surface- 
condenser is in general use for our men-of-war launches. 
Messrs. Rennie have also made several launch engines 
on the same arrangement, but without the condensers, 
the weight of which, including water in the boilers, was 
3 tons 2 ewt. 





Tue West Lonpon Junction Gas Company.—This is 
a small but thriving concern, worked by contract, for the supply 
tof railway works and the Great Western Hotel, at Padding- 


tonf The Imperial Company applied for an injunction this 

week, in Vice-Chancellor Kindersley’s court, to restrain the 

West London Company from making and selling gas within 

their a Imperial Company’s) “district.” The application 

— refused, the Imperial Company having no ground of inter- 
rence. 





tor 
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INDIAN ENGINEER APPOINTMENTS. 


Tue Government examination of candidates for ap- 
ointments in the engineering establishment of the 

epartment of Public Works in India took place, as 
had been previously advertised, during last week. 
The examiners were the Rev. Jonathan Cape, A.M., 
F.R.S., Major Newmarch, R.E., and G. Preston 
White, Esq., C.E. 

On the first day of the examination twenty candi- 
dates presented themselves, of whom the required 
number of ten succeeded in obtaining the minimum 
number of marks in each subject, and they will there- 
fore receive appointments as assistant engineers of the 
third grade in the Indian Public Works Department. 
The names of the successful candidates, the order in 
which they passed, and the number of marks obtained 
by each in the several branches of examination, were as 
follows : 











£| sl 
8 = 5 J = 
§ |2e| > | 3 
No. Name. a 6.8 z x 
K 2] & 
a _ 
l |Mr. C.Swappe .. ...| 257 330 157 744 
2 W. H. P. Sherman} 286 | 300 151 737 
3 W. F. Male... ...| 239 | 3830] 165 | 734 
4 J.Craig... .. «| 288 | 260] 169] 712 
5 R. F. Stein ... ...| 226] 380] 128 | 684 
6 T. Lobb... .. «| 254] 275 | 118} 647 
7 M. S.Dooley... ...| 219 | 800] 122 | 641 
8 J. Hannan ... .../ 213 | 310} 110] 683 
9 H. M. Thompson ...} 215 | 295 | 121] 631 
10 D. Pringle ... ...) 218 | 265 | 117 | 600 

















Judging from the number of marks obtained, it 
would appear that the candidates of the present year, 
whilst they have shown generally a higher degree of 
efficiency than those of last year, yet have failed 
to obtain so high an average maximum as in any of 
the years 1864, 1863, or 1862. Nevertheless, this 
may be owing in part to circumstances entirely uncon- 
nected with the standard of their professional qualifi- 
cations, and may, doubtless, in a great measure be 
traced to a greater proportion of them than usual 
having served three years, or more, under engineers, 
and a corresponding diminution in the number of 
young men from the “recognised schools and colleges ;” 
and this appears the more probable from the high 
number of marks obtained by all the successful can- 
didates in civil engineering, whilst at the same time 
it will be observed that the number of marks obtained 
for mathematics have in no case very greatly exceeded 
the required minimum of 200, and are considerably 
below the average of the four preceding years. 

From a perusal of the examination papers it appears 
that those given by Professor Cape were of much the 
same standard as in former years, and were well calcu- 
lated to test the candidates’ knowledge in the different 
branches of arithemetic, Euclid, and mathematics ; 
the questions in surveying and levelling seem, also, to 
be quite as well and carefully prepared as on former 
years, and the examination appears in this respect to 
1ave lost nothing from the appointment of Major New- 
march as one of the examiners, in the place of Major- 
General Goodwyn, the state of whose health alone, 
we believe, prevented him from acting in that capacity 
on the recent occasion. The papers by Mr. G. P. 
White, on civil engineering are somewhat changed in 
character from those given at former examinations ; 
for instead of going so much into detail with reference 
to materials and the first principles of engineering 
science, with which any qualified candidate may na- 
turally be supposed to be tolerably conversant, his 
questions relate more particularly to the natural re- 
quirements of India in engineermg works, and are 
so far better calculated to elicit the aptitude of the 
candidate for applying his scientific knowledge so as 
to adapt it to the necessities of India. Thus, one 
paper deals exclusively on inland communications, 
including roads, tramways, railways, canals, and river 
navigation ; another is devoted to the subjects of 
mining, metallurgy, minerals, quarries, &c., all of 
which are most important with reference to the future 
development of the mineral wealth of India. A third 
paper, on water-supply, directs attention to a subject 
of the utmost importance in tropical countries, as 
being so essentially conducive to the health of towns, 
and points to the importance to India of sanitary en- 
gineering, as well as of other works of a more coms 
mercial and economic character, intended for the 
development of its latent resources. 


At the end of one of his papers, Mr. White gives 








some valuable advice to the candidates by directing 
their attention to the nature of those works which are 
of the greatest importance in India, and especially to 
the importance of making careful, correct, and trust- 
worthy estimates, stating that “the object of the civil 
“ engineer, in carrying out works of a reproductive 
“ character, should be to produce the greatest possible 
“ results as regards the return for capital expended, at 
“ the least possible cost, and ornamentation and un- 
“ necessary detail should be strictly avoided, remem- 
bering, ‘Tis use alone that sanctifies expense.’ In 
“a country of such vast extent as India, this becomes 
“a matter of commercial importance.” Mr. White 
further recommended those of the successful candidates 
who had the opportunity, to visit the mining districts 
of Cornwall and Devon, the coal fields of South Wales, 
Northumberland, and Durham, and the coal and iron 
districts of Staffordshire, as the practical knowledge 
thus acquired might prove of the greatest importance 
in after life. 

As these questions are, each year, published by 
Parliament, and are, doubtless, eagerly sought for by 
candidates preparing for some future examination, we 
think that Mr. White’s questions are, this year, parti- 
cularly well calculated to direct attention to those 
subjects which it is of most importance for the engi- 
neer in India to be intimately acquainted with, and 
may lead to the better training of candidates for 
greater usefulness in their future field of operations. 








INDIA—HER PAST AND FUTURE. 


THERE can be no doubt—and the testimony of his- 
torians goes far to prove the case—that some parts, at 
least, of India have, in ages past, seen days of compa- 
rative wealth and civilization. Much of the commerce 
which early found its way through Persia, doubtless, 
came from the neighbourhood of the: Punjab, and the 
passage of caravans from Cashmere across the inter- 
vening country to Persia, of which we read in the 
writings of the ancients, can scarcely have failed to 
convey some of the knowledge of their country to the 
inhabitants of the districts through which they passed, 
and a certain amount of trade must have sprung up 
along their line of route. Again, it is hard to suppose 
that Alexander the Great should have expended such 
exertions, as he undoubtedly did, in order to overrun 
a barren and uncivilised lend. Indeed, every testimony 
goes to prove that the Punjab, at all events, was at one 
time a flourishing and populous country, and vague 
and half-fabulous reports of the vast extent, great 
wealth, and populousness of the country had reached 
Europe at much earlier periods than the date of the 
eat Macedonian invasion. . The researches of Major 
eneral Cunningham (to which we shall more particu- 
larly refer at some future time) have also brought to 
light many interesting facts in connexion with this part 
of our Eastern dominions. Much might be advanced 
in favour of the supposition that the peninsula of India 
was not always in so semi-barbarous a state as_ that 
in which our first adventurers found it to be, and En- 
glish missionaries are said to have found their way to 
the coast of Malabar, at the dawn of our civilisation, 
during the reign of Alexander the Great. 

At the beginning of the tenth century Hindustan 
was first conquered by the Mahometans under the 
Sultan Mahmond of Ghuzni. In 1829 the partial 
dominion of India passed into the hands of the fierce 
Afghans, who held it until, at the latter end of the 
fourteenth century, Timour, the Mogul Tartar, over- 
came the Afghan dynasty ; and the Mogul dominion, 
consolidated under the great Akbar, continued until 
the first settlement of the English in India. About 
this time, the persevering and continued wars of the 
Mahrattas in the Deccan, in Golconda, in Beejapoor, 
and other parts of India, doubtless conletbated to the 
destruction of those emblems of civilisation and pros- 
perity which are yet to be traced in the ruined tanks 
and canals in many parts of the country, and which it 
now devolves upon the English governors to restore 
and extend. By what means funds were obtained to 
construct these former works, tending to the improve- 
ment of the cultivation of the land, it is not now our 
province to inquire; but, though much has already 
doubtless been done to improve the country in this re- 
spect, the present rate of progress falls far behind the 
just demand of the country, and its importance as a 
British possession. 

The rapid strides now being made in all parts of 
the world, if not extended to India also, must soon 
leave that most valuable dependency far in the rear ; 
it therefore behoves our statesmen to see to it most 


seriously that their responsibilities to this land be no 


al 


longer neglected or trifled with. The internal wealth 
of the country is undoubted, abounding as it does with 
a rich soil, a population capable of education and the 
highest order of civilisation, abundance of labour, 
mineral wealth to no mean extent; abounding as it 
actually does in coal, iron, and even gold, and await- 
ing only the aid of science and improved communica- 
tion in order to develop that wealth with which Pro- 
vidence has richly endowed the land. The blessings 
of peace and a liberal and judicious outlay of capital 
alone are wanted to make India capable of vieing with 
any other part of the world in wealth and prosperity, 
Perhaps, at the present time, too much consideration is 
given to the improvement of military systems, and too 
little to the development and advancement of works 
of peace; for although India was at first conquered 
by the sword, there are, we should hope, few who can 
seriously advance the idea that India must be civilised 
by the sword. Whatever necessity may still exist for 
constant preparation against the occurrence of a second 
rebellion—and we should be the last to advocate too 
ae a diminution of our military forees—experience 

as shown that contentment, peace, and prosperity 
have invariably followed close in the wake of improved 
means of irrigation. The natives possess an inherent 
love of the soil, and of their native landmarks; and 

eace, prosperity, and a rapid increase of population 

ave invariably followed upon an extension of the 
means of cultivation, from which it may be inferred 
that the Indians are by nature of a domestic and not 
of a purely warlike character. 

The first want of the land is water; that must be 
provided by an extension of the means for artificial 
irrigation. Next follows the necessity for improved 
means of communication to enable the produce of the 
land to be cheaply and rapidly exported. After that, 
the mineral resources of the country should be care- 
fully developed, and the peacefulness and contentedness 
of the a in their consequent prosperity will then 
prove the best preparation for the introduction of edu- 
cation and religion. Provided such works be not in- 
terrupted by the occurrence of future wars, we yet 
hope to see India, ere long, relieved of many of her 
present burdens of taxation, and, with a comparatively 
insignificant debt, rising in prosperity and advance- 
ment, and, in reality, what she has often, but not so 
logically, been styled—the brightest diadem in the 


| British Crown. 


ARCH BRIDGES. 
To tHv Epitor or PneinEERING. 


S1r,—There are two remarks to be made with reference to a 
letter in your last number, in which the writer “C.,” applyin 
formul given in a paper in this pone, on ** Wrought-iron kre 
Bridges and Viaducts,” to Mr. Fowler's cast-iron Severn Bridge, 
solicits an explanation of the discrepancies he finds'to exist be- 
tween the results of his calculations and the strength of the 
bridge as designed-by Mr. Fowler. 

In the first plage, Owing to the modulus of elasticity for cast 
iron being about one half the amouut of that for wrought iron, the 
formula giving the factor for the effects of temperature on a 

t t 





wrought-iron atch ( i br) wit become, 5" for one of 
2d 4d 


cast iron. 

In the second place, agreeing with  C,” that Mr. Fowler is 
not at all likely to have made so great an error as some 80 per 
cent. in the strength of his bridge, I am at a loss to find any 
data justifying the inference he draws that a discrepancy exists 
somewhere. “C” assumes a maximum strain of 2 tons per 
square inch to have been adopted by Mr. Fowler, whereas the 

roper application of the formula to the case in question would 
Ease been to have ascertained that amount. A locad strain of 
double the amount “ C” assumes would not be at all alarming ; in- 
deed, there are very few cast-iron girders at work with less than 
three times that amount on their top flanges. 
four obedient Servant, 
B. 








Iron PERMANENT Way.—Mr. Fox has iron way now in use 
on the Bristol and Exeter line which has been thirteen years in 
use without any — deterioration of the wrought-iron base- 
plate. The length of this iron way is 14 miles. Another con- 
struction of iron way put down in 1861 has given excellent results. 
It consists of a bridge rail resting upon a longitudinal T iron 12 in. 
wide, with a 8} in bottom rib, and has a cushion of wood be- 
tween the base of the rail and the Tiron. The iron way is 
costly, however, in the first instance, the nuts work loose, and 
it requires the best ballast and most careful packing. 

Raitway SLeEPERS.—The Midland Railway Company have 
given up creosoting sleepers. They consider it cheaper to get 
16 years’ life out of an uncreosoted sleeper than 20 years when 
creosoted at acost of 1s. The sleepers cost 2s. 5d. to 2s, 9d. at 
Grimsby, and the principal and compound interest on 1s, spent 
in creosoting alone amounts to 2s. at the end of 14 years. 
Creosoting, it is represented, does not greatly lessen the P noe a 
and uncreosoted sleepers 16 years old are still down in the 
Midland line, and others have lasted twenty-four years on the 
Great Eastern, These were near Ipswich, and were laid in 





gravelly soil. 
7 
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Frex Punic Lisrartes.—New York possesses the magnifi- 
cent Astor Library, containing about one hundred thousand 
volumes in every department of literature, open freely to the 

blic for reference every day from 9 to 5. It has also a City 

ibrary free, open daily from 10 to 4; an Apprentices’ Library, 
established solely for the use of apprentices and females in the 
employ of mechanics and tradesmen, and open freely to this 
class Lom 8 in the morning till 9 in the evening; a Medical 
Library, free, open from 10 to 10; a Printers’ Library, contain- 
ing more than four thousand volumes, also free; and now there 
is every prospect of another free library being added on a large 
scale. ton, by a Special Act of the Massachusetts Legisla- 
ture, in 1848, was provided with a free public library, and had 
granted from the city funds 5000 dols. a year for its main- 
tenance, Immediately on its establishment energetic citizens 
contributed largely in books and money towards the preliminary 
expenses, and a citizen of London (Mr. Joshua Bates), con- 
nected with Boston by business and personal ties, presenred a 
sum of 10,0004. sterling for the purchase of books. Through- 
out the United States, libraries—readily accessible to all in 
search of knowledge—are numerous, and one result is that in 
intelligence, in acquaintance with literature and knowledge of 
the best writers in their language, the American people are un- 
equalled in the world. But it was not left for democratic insti- 
tutions to set an example in this respect—France possesses more 
than one hundred public libraries, open freely to all comers, 
without distinction of person, rank, or country; Austria and 
Prussia together have nearly ninety; Bavaria has seventeen; 
Belgium fourteen, and other European kingdoms have a fair 
share. Until the passing of Mr. Ewart’s Act, in 1850, for 
enabling town councils to establish public libraries and museums, 
England had the unhappy preeminence of being without a single 
strictly free public library. Paris now possesses seven perfectly 
free public libraries, Vienna has three, and Berlin two. The 
library of the British Museum was, and is still, we think, pro- 
rly available to readers only under certain restrictions. ‘The 
ibraries of Sion College and of Dr. Williams also were, and are, 
subject to restrictions which prevent their free use by the public. 
These three libraries, however, are, at the present moment, not- 
withstanding the activity of provincial towns, the only libraries 
available for inhabitants of this great city of London, and the 
restrictions to which we have referred, including the hours during 
which they are open, render them totally useless for the man of 
business, the clerk, the mechanic, and the artisan. Many 
smaller towns and cities throughout England have voluntarily 
taxed themselves under the provisions of the Act of Parliament 
referred to, and have established libraries, most of which are 
rendering immense service to the cause of eduction. London, 
which of all other cities in the world owes most of its position to 
the intelligence, education, and activity of its citizens, stands, 
to our thinking, degraded and disgraced for its apathy in this 
matter. is there no public — among our olen and 
merchants equal to that which has made John Jacob Astor’s 
name one to be carried down to the remotest posterity, accom- 
panied by the thanks and blessings of those whose intellectual 
advancement has been promoted by his liberality? Is 


i 
the accumulation of wealth alone the object of ambition to our, 


citizens, and have they no desire to contribute aid towards the 
elevation and improvement of the masses? We hear of political 
reform till we are sickened with the very name—and recognise 
it only as the war-cry of a party and the red flag of political 
antagonism; but this branch of social reform, the truest and 
surest of all reforms, is left unheeded and uncared for. Among 
the bankers, merchants, and traders of our city, there are men 
who have felt itan honour to enrol themselves in the ranks of 
literature, whose fame hereafter will depend more upon their 
contributions to literature and science than to anything they 
may have done in the accumulation of wealth, such men— 
h i and respected in all circles, possessing the confidence 
and respect of their fellow-citizens—we call upon to be up and 
doing in this matter, let them initiate measures for the establish- 
ment of a free public library in this city—a library which shall 
be an honour to the first city of the world. The contribution of 
their wealth, and, more than all, the influence which their active 
exertions will give to such a movement, is sure to rally around 
them a body of supporters whose energies and exertions will be 
irrisistible. It is apathy, not — that has to be over- 
come; antiquated prejudices doubtless prevail—penny-wise and 
pound-foolish difficulties may be urged, but these are mere cob- 
webs which will be swept away with ease by a body of deter- 
mined men. The aim of such a movement as we speak of should 
be to induce the Corporation of the City of London to grant an 
eligible and central site for a building, and to contribute from its 
funds a sum towards the expenses of erection and endowment; 
such sum to be supplemented by veluntary contributions, and 
we have such confidence in our fellow-citizens, that we believe 
individual subscriptions will be by undreds and even thousands 
of pounds towards such an object. Apart from the benefit 
which will result to the inhabitants of this city from such a 
library, a movement in this direction on the part of the metro- 
polis will set in motion similar active exertions throughout the 
country, and we hope the day is not far distant when our country 
will stand first among the nations of the world in the activity of 
its educational institutions, and the extent of its means for im- 
parting knowledge.—7'riibner's Literary Record, July, 1866. 

Socrrry or Enormerrrs.—The members and associates 
of this Society will visit the works of the New Blackfriars 
Bridge, by the kind permission of Joseph Cubitt, Esq., on 
Friday, the 8rd of August next. Those ‘ntending to be present 
must notify the same to the hon, sec., on or before Monday, the 
30th inst. The members and associates will meet at the City 
side of the bridge, at a quarter to twelve o'clock precisely, so as 
to take advantage of the best state of the tide for seeing the 
works. Members, associates, and their friends will be admitted 
by ticket only, to be obtained of the honorary secretary, Mr. 
Alfred Williams, 64, Bankside, S.E. 

Raruway Tra¥rics.—The general increase of traffic on 
English railways for the first six months of 1866 has been 
7 or 8 per cent. above that for the same time in 1865. The 
North London and the Metropolitan, each with 25 per cent. 
more line open, show an increase of 40 per cent. The traffic 
receipts of the six great French lines amounted to 11,290,587/. 
against 10,240,928/. for the same time in 1865. 








DAVIES AND TAUNTON’S RATCHET BRACE. 














Tue “ combination drill brace,” of which we here give illus- 
trations, is one patented by Messrs. Davies and Taunton, of 
Birmingham, and is constructed so that it may be used either as 
a ratchet or swing brace, and may also be arranged for carrying 
tap and dies or cutters for cutting off the ends of tubes, &c. 
Fig. 1 shows the tool arranged as a swing brace, the feed of the 
drill being effected by the screw shown at the top. The lower 
end of tle bar forming the “bow,” is inserted in the socket 
carrying the pawl, and secured to it by two set screws as shown ; 
by slackening these set screws, the bow can be removed and a 
straight bar substituted, thus converting the tool into a ratchet 
brace, as shown in Fig. 2. The screw for feeding the drill up to 
its work is in this case removed from the top of the bow and 
ay in the top of the drill socket, as will be seen in the figure. 
‘igs. 4, 5, and 6 are respectively an outside elevation, a section 
and a plan of the drill socket showing the way in which it may 
be fitted with dies or cutters instead of a drill. Thedies are 
placed in a recess formed at the top of the socket, and are 
tightened up by means of a tapered key passing through a collar 
surrounding the head of the socket, as shown in the illustra- 
tions. The cutter for cutting off the ends of tubes is shown 
held in its position by an adjusting screw at the lower end of the 
socket or stock; and opposite the cutter is placed a set screw, 
by means of which the work can be held up to the cutter. The 
tube to be either screwed or cut, is of course inserted in the 
hollow stock. In cases where lightness is an object, the bow of 
the swing brace and the lever of the ratchet brace may be made 
of gas tubing, as shown in Figs. 7 and 8, and the outer end of 
the ratchet brace lever may, if desired, be furnished with a claw 
as shown in the latter figure. 








Tue Attantic TeteGraru.—The splice of the 
cable on board the Great Eastern to the shore end, 
30 miles out from the Valentia station, was successfully 
made oy Friday last, when the signals throughout the 
whole length on board and through the shore end were 
found to be absolutely perfect. The Great Eastern 
then steamed away on her voyage across the Atlantic, 
laying the cable at the rate of about five and 
a-half knots an hour. Up to Wednesday noon 
682} miles of cable had been paid out, the dis- 
tance run being 600 miles. The cable went safely 
down the Irish bank, a slope of 30 miles, on which 
the water deepens very uniformly from 1200 ft. to 
12,000 ft., and_ safely over a narrow valley of a depth 
of 2$ miles. It is now (Thursday) being laid in 1500 
fathoms, and by to-morrow or Saturday will be in 2400 
fathoms. It is hoped that this depth will be passed by 
Monday, and the safety of the cable may then be con- 
sidered almost assured. The signals are given with 
great quickness and distinctness, the insulation of 
the cable having, as was expected, considerably im- 
proved by submersion. 

Tue Tuames EmpankMENnt.—Mr. Josiah Jennings, the 
well-known “ sanitary engineer,” receives 22,1201. for his works 





at Stangate, required for the Southern Embankment. The | 
Metropolitan Board of Works have referred to the Works and | 
General Purposes Committee the inquiry whether the contractor | 
for the Thames Embankment, Contracts Nos. 1 and 2, has done 
~ act whereby the Board may determine his contracts. 

MELBOURNE.—The Yan Yean Waterworks, which supply | 
the city of Melbourne with water by gravitation, cost about 
1,000,0002, and are now repaying 70,000 yearly on their 
cost, and the revenue is increasing. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE arrangements made for the forthcoming Man- 
chester meeting are such as to leave no doubt of its 
success. The meeting will be held on Tuesday, Wed- 
nesday, Thursday, and Friday, July 31st, and August 
lst, 2nd, and 3rd. 

The meetings for the reading and discussion of 

apers will take place in the Lecture Theatre, 
Mechanics? Institution, David-street, on Tuesday and 
Wednesday mornings ; the chair will be taken at ten 
o’clock by the president, Joseph Whitworth, Esq. 

The following is the list of papers : 

On the proof of Guns by Measurement, with 
description of the Instrument employed; by the 
President. 

On Machinery for the Preparing and Spinning of 
Cotton; by Mr. John Platt, of Oldham. 

Description of the Manchester Waterworks; by 
Mr. John F. Bateman, of London, engineer-in-chief 
to the Waterworks, communicated through Mr, William 
Fairbairn. 

Description of an improved Reversing Rolling-mill ; 
by Mr. John Ramsbottom, of Crewe. 

On Steam Boiler Explosions and their records, and 
on Inspection as a means of Prevention; by Mr. 
Edward B. Marten, of Stourbridge. 

Description of the mieans employed for Removing 
and Replacing in a new position the Iron Columns of 
a Cotton Mill; by Mr. William Fairbairn. 

On the Manufacture of Steel Tyres; by Mr. John 
Ramsbottom, of Crewe. 

On Tuesday afternoon the members will visit the 
Steel Works of the London and North-Western Rail- 
way, at Crewe. A number of engineering works, 
manufactories, &c., will be open for the visit of the 
members on ‘l'uesday and Wednesday afternoons, on 
presentation of their members’ tickets. On Wednes- 
day evening the members and their friends will dine 
together at the Albion Hotel, Piccadilly. 

On Thursday morning an excursion has_ been 
arranged for the members to visit the Works of 
Messrs. Platt, and adjacent cotton mills at Oldham, 
and afterwards the Works of Messrs. Beyer and Pea- 
cock, Gorton, and of the Ashbury Co., Openshaw. Mr. 
Platt has kindly invited the members to luncheon at 
his residence on this occasion. 

On Friday the Members are invited by the Presi- 
dent to his residence, Stancliff Hall, Derbyshire, pro- 
ceeding by railway from Manchester to Darley Station 
on the Buxton and Matlock Railway, and visiling 
other places of interest in the neighbourhood. 








Tue Cunarp Contract.—The Cunard mail contract 
expires next year, and it is anticipated that the postage of the 
letters will alone be sufficient to maintain the service, the 
shilling rate being reduced to sixpence, and all the letters being 
sent to New York. One half of the letters now go to Boston » 
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COUNTERWEIGHTS ON LOCOMOTIVES. 


In the case of an ordinary locomotive, running on an 
ordinary railway, there are very many causes at work 
tending to produce unsteadiness of movement. These 
may be divided into two principal classes—those due 
to imperfections in the permanent way, and those 
arising from the construction and arrangement of the 
locomotive itself; and it is with the latter that we 
have to deal in the present notice. The disturbing 
forces caused by peculiarities in the construction an 
working of the engine are themselves capable of being 
divided into several classes; thus there are those 
arising from the vis inerti@ of the parts having a 
reciprocating motion, those due to the varying pressure 
of the steam on the cylinder heads, those caused by 
the thrust of the crossheads against the guide bars, and 
those produced by unbalanced revolving parts; whilst 
the disturbances arising from any of these causes are 
liable to augmentation by a bad distribution of the 
weight of the engine upon the bearing springs, by the 
bad arrangement and proportions of those springs, and 
by the general wear and tear of the machinery. 

About three years and a half ago a paper, which led 
to a somewhat lengthy discussion at the time, was read 
by Mr. A. W. Makinson, before the Institution of Civil 

ingineers, “ On some of the Internal Disturbing Forces 

of Locomotive Engines.” This paper, together witha 
report of the discussion which imened it, has just 
been published, and contains some-investigations of the 
disturbing forces developed by the action of the re- 
ciprocating parts of an engine, which are very com- 
plete, although we by no means agree with the deduc- 
tions which Mr. Makinson makes for them. The re- 
ciprocating parts of a locomotive comprise the pistons, 
piston-rods, crossheads, a portion of each connecting 
rod, the slide valves and spindles, and portions of the 
valve motion. Practically, however, the disturbances 
produced by the reciprocating motion of the valves and 
valve gear are so unimportant that they are usually 
entirely disregarded, and the influence of that of the 
pistons and their connexions only considered. This 
will be the case in the present article, in which also we 
may premise that the term “front stroke” will signify 
the stroke of the piston in the direction of the motion 
of the engine, and the “ back stroke” that in the oppo- 
site direction. 

We may now proceed to investigate what the dis- 
turbances caused by the reciprocating parts really are. 
If we suppose it possible for a locomotive to be moviug 
forward at a constant speed without any revolutions 
of the driving-wheels taking place, it is evident that, 
in such a case, all parts of the working gear will be 
moving with the same absolute velocity, and that they 
will contain stored up within them a certain amount 
of accumulated work due to that velocity and their 
own weight. If, however, the driving-wheels are 
allowed to rotate, this state of affairs is altered, the 
reciprocating parts connected with the cranks being 
made to move alternately faster and slower than the 
other parts of the engine, and the amounts of work 
stored up in them being consequently alternately in- 
creased and diminished. As, however, the total quantity 
of work stored up in the whole mass of the engine re- 
mains the same, a diminution of the velocity and con- 
sequently of the stored-up energy of any one of the 
reciprocating parts must be balanced by a correspond- 
ing increase in the velocity of the other portions of the 
engine. In other words, when the motion of any one 
part of the engine is retarded, that of the other parts 
must be accelerated, and vice versé. In explaining 
this more fully, it will be convenient that we should at 
first confine our attention to one side of the engine, or 
to the motion of one piston and its appendages only. 
As is observed by Mr. Makinson, when the piston is at 
either end of its stroke, say the commencement of the 
forward one, it is in a state of rest relatively to the 
engine, and it has, therefore, the same absolute velocity 
as the latter. As it performs the forward stroke, how- 
ever, its motion is accelerated, its velocity and conse- 
quently the amount of work stored up in the recipro- 
cating parts increasing until at or near half stroke. 
After’ this its velocity gradually decreases until, 
at the end of the stroke, it is again the same 
as that of the engine, the reeiprocating parts 
during this decrease of speed giving out the work 
or energy which they had previously absorbed from 
the other part of the mass. During the back stroke, 
on. the contrary, the motion of the reciprocating parts 
is retarded until half stroke is reached, when they are 
moving with their minimum speed, and from this point 
their velocity is accelerated until at the end of the 
stroke it is again equal to that of the engine. During 
the first half of the back stroke, therefore, the recipro- 


cating parts diminish their stock of accumulated work, 
and give it out to the main body of the engine, whilst 
during the latter half they absorb work from the main 
body, and consequently tend to retard it. We thus 
see that during the latter, half of the forward stroke 
and the first half of the béck stroke—during which the 
velocity of the reciprocating parts is being reduced 
from its maximum to its minimum—the action of those 
parts tends to augment the amount of energy stored 
up in the main body of the engine, and consequently 
to increase its speed; during the latter half of the 
back stroke and the first part of the front stroke, on 
the contrary, the speed of the reciprocating parts is 
being increased from its minimum to its maximum, 
and they consequently absorb work from the main 
mass and tend to diminish the speed of the latter or 
the power available for traction. Of course the 
power absorbed by the reciprocating parts at one por- 
tion of a revolution is precisely equal to that given out 
by them at another, their only effect being to modify 
the distribution of the total power, but to in no way 
alter its quantity. 

In the case of an ordinary stationary engine, the 
reciprocating parts, as is well known, absorb work, and 
consequently tend to diminish the strain upon the 
crank-pin, during the first half of each stroke ; whilst 
during the latter half of the stroke they give out work, 
and therefore increase the strain transmitted through 
the connecting-rod. At first sight it may appear as if 
this action of the reciprocating parts differed in some 
points from that of the corresponding parts of a loco- 
motive as above explained, but, in reality, this is not 
the case, as a little explanation will show. In the 
locomotive, as in the stationary engine, the action of 
the reciprocating parts tends to diminish the strain on 
the crank-pin during the first, and increase it during 
the latter half of each stroke; but, in the case of the 
locomotive, an increase in the strain applied to the 
crank-pin is not always synonymous with an increase 
in the propelling power of the engine. We have stated 
above, that during the first half of the forward stroke 
the motion of the main body of the engine is retarded, 
and that during the second half it is accelerated, by the 
action of the reciprocating parts, and this agrees with 
the action of the corresponding parts of a stationary 
engine; but we have also stated that during the first 
half of the back stroke the motion of the main mass 
is likewise accelerated by the action of the recipro- 
cating parts, whilst during the second half it is re- 
tarded, and this, being apparently contrary to the effects 
produced in a stationary engine, demands some further 
explanation. When an engine is running in a forward 
direction, and the piston is performing the back stroke, 
the crank-pin is situated below the centre line of the 
cylinder, and the horizontal thrust of the connecting 
rod is resisted partly by the axle bearings and partly 
by the adhesion between the wheels and rails; the 
portions of the thrust transmitted to the bearings 
and rails at any point in the stroke being inversely 
proportional to the half-diameter of the driving- 
wheel minus the length of a perpendicular drawn 
from the centre of the crank-pin (in its posi- 
tion at that point in the stroke) to the centre 
line of the cylinder, and the length of that perpen- 
dicular itself. Thus, when the crank is vertical, the 
piston being near half stroke, the horizontal thrust of 
the connecting rod is resisted by the bearings and rails 
in the inverse proportions of the length of the crank, 
and the half-diameter of the wheel minus the length of 
the crank, respectively. In other words, if the half- 
diameter of the wheel is taken to represent the whole 
horizontal thrust, then the length of the crank will 
represent that portion of it which is resisted by the 
friction between the wheels and rails, whilst the half- 
diameter of the wheel, mixus the length of crank, will 
represent the thrust tending to force the axle-boxes 
against the back axle-box guides. On the other hand, 
the pressure against the front cylinder cover tending 
to force the engine forward is, of course, equal 
to the sum of the two thrusts just mentioned, 
and the force available for traction is accordingly 
equal to the difference between this forward pressure 
on the cylinder cover and the backward pressure 
against the axle-box guides, or is in fact equal to the 
backward pressure upon the rails. This is the state 
of affairs at half-stroke, just at the point when the mo- 
tion of the reciprocating parts relatively to the main 
body of the engine is changing from an accelerated 
to a retarded one, and when consequently they are 
neither increasing nor diminishing the strain upon 
the crank pin. During the previous part of the 
stroke, however, the influence of the reciprocating 
parts diminished the strain transmitted to the crank- 





pin, and consequently also diminished the thrusts re- 





sisted by the axle bearings and the friction between 
the wheels and rails. This being the case, the differ- 
ence between the forward pressure on the cylinder 
cover and the backward pressure on the axle-box 
uides, or the power available for traction would also 
e increased, or, as we have already stated, the action 
of the reciprocating parts would during the first 
half of the back stroke tend to accelerate the mo- 
tion of the main body of the engine. In fact, during 
this portion of the stroke the tractive force of the en- 
gine will be the sum of the thrust resisted by the fric- 
tion between the wheels and rails, and that exerted 
upon the piston to overcome the inertia of the re- 
ciprocating parts. During the second half of the 
stroke it is evident that the reverse action will take 
= the backward pressure on the axle-box guides 
eing increased by the influence of the motion of the 
reciprocating parts, and the difference between that 
pressure and the forward pressure on the cylinder 
cover being consequently diminished. We thus see 
that whether we consider the acceleration and re- 
tardation of the motion of the reciprocating parts 
relatively to that of the main mass of the engine, or 
whether we consider the variations in their absolute 
velocity, we obtain the same results, viz., that durin 
the latter half of the forward stroke and the first half 
of the back stroke, or whilst they are changing from 
their greatest to their least absolute velocity, they tend 
to accelerate the motion of the main body of the 
engine; and, on the other hand, that during the other 
half of the revolution of the driving-wheels, or whilst 
they are changing from their least to their greatest 
absolute velocity, they tend to retard the main mass. 

Mr. Makinson has assumed in his paper, to which 
we have already referred, that the disturbing forces 
which we have just being considering are in almost all 
engines left entirely unbalanced. This, however, is 
not the case, the counterweights of most modern loco- 
motives being so proportioned that they not only 
balance the revolving parts, but neutralise either 
the whole or for a great portion of the disturbances 
arising from the motion of the reciprocating parts also. 
The investigations published in 1849 by M. Le Chate- 
lier, as well as those in Mr. Makinson’s paper, prove 
that these disturbing influences are precisely similar to 
the horizontal components of the centrifugal force 
which would be generated by a revolving mass equal 
in weight to the reciprocating parts, and attached to 
the crank-pin. This being the case, and supposing for 
the present that the strain is transmitted to the crank- 
pin in the plane of the wheels, it follows that if there 
is attached to the driving-wheels opposite to the crank 
a counterweight of such size, that it not only balances 
the revolving parts, but has an excess of weight which 
multiplied by the distance of the centre of gravity of 
the counterweight from the centre of the axle is equal 
to the weight of the reciprocating parts multiplied by 
the length of the crank, then the horizontal component 
of the centrifugal force generated by this counter- 
weight will exactly neutralise the disturbing influence 
of the reciprocating parts. Of course the centrifugal 
force generated by the revolving counterweight will 
cause an alternate upward and downward pressure on 
the rails, which is unbalanced by the action of the 
reciprocating parts ; but these vertical pressures are 
not found to affect practically the stability of the 
engine, although they tend to produce an unequal wear 
of the tyres. 

We have just assumed, for the sake of simplicity, 
that the strain is transmitted to the crank-pins in the 
plane of the wheels. This, however, is not really the 
case, either in outside or inside cylinder engines, 
although in the former the distance of the line of 
strain from that plane is not very considerable. In 
inside cylinder engines for the narrow gauge, the 
distance between the centres of the cylinders is gene- 
rally equal to about half the distance between the 
central planes of the wheels, and the strains upon 
either crank are divided between the wheels in the 
inverse ratio of the distance of the latter from that 
crank. This will perhaps be rendered more clear by 
an example. Let us suppose that the cylinders of an 
inside cylinder engine are 2 ft. 6in. apart from centre 
to centre, and that the distance between the planes 
in which the centres of gravity of the balance-weights 
revolve is 5 ft.; then any disturbing centrifugal force 
acting at the right-hand crank could only be neu- 
tralised by counterweights on both wheels, that on 
the right-hand wheel having to balance three-fourths 
and that on the left-hand wheel gne-fourth of the 
disturbing force. In the same manner a disturbing 
force acting at the left-hand crank will have to be 
balanced three-fourths by a counterweight on the left- 
hand and one-fourth by one on the right-hand wheel, 
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To correctly balance an inside cylinder engine, there- 
fore, it is necessary to apply two counterweights (or 
their equivalent) to each wheel, those on the right- 
hand wheel consisting of a larger — opposite to 
the right-hand crank, and smaller weight opposite the 
left-hand crank, the weights of these counterweights 
being in the inverse proportion of the distances of the 

ight-hand wheel from the two cranks respectively. 
The left-hand wheel would, of course, also have to be 
provided with a couple of weights similarly propor- 
tioned, and placed at right angles to each other. In 
place of two counterweights applied at right angles to 
each other on each wheel, each wheel may be fitted 
with a single weight, of such proportions and so 
placed that it is equivalent to the two weights above 
mentioned. The size and position of such a weight is 
readily determined in the following manner :—Draw, 
from the centre of the axle, radial lines passing through 
the centres of the two counterweights which the single 
weight is to replace, and upon each of these lines mark 
off from the centre of the axle a distance representing 
the weight of the corresponding counterweight, multi- 
plied by the distance of its centre of gravity from the 
centre of the axle. Complete a rectangle having sides 
equal to these distances, and draw a diagonal from the 
centre of the axle; then the length of this diagonal 
will represent the product of the weight of the single 
counterweight required, with the distance of its centre 
of gravity from the centre of the axle, and this counter- 
weight will have to be placed so that its centre is situated 
on the diagonal. Following out this process for both 
wheels, it will be found that the single counterweights 
required will weigh less than the weights of the large 
a small counterweights combined, and that they will 
be so situated on the two wheels that radial lines 
drawn through their centres will form less than a riglit 
angle with each other. 

In outside cylinder engines a counterweight in each 
wheel would also be required to perfectly balance a 
disturbing force acting on either crank, but the arrange- 
ment of the weights would be different to that required 
for an inside cylinder engine. In the case of an engine 
with outside cylinders, a force acting on, say, the 
right-hand-crank would require to balance it a counter- 
weight placed on the right-hand wheel opposite to the 
erank, and another placed on the left-hand wheel, coin- 
cident with the crank, this latter weight being of such 
size that its weight, multiplied by the distance of its 
centre of gravity from the centre of the axle, bears the 
inverse proportion to the amount of the disturbing 
force at the crank-pin multiplied by the length of the 
crank, that the distance between the planes in which 
the centres of gravity of the right and left hand counter- 
weights revolve does to the distance between the plane 
of the right-hand counterweight and the centre line 
of the right-hand cylinder. The counterweight placed 
opposite the crank, on the right-hand wheel, will in 
this case have to be of such size that it will balance 
both the disturbing force acting upon the crank-pin 
and the weight of the smaller counterweight. As in 
the case of the inside cylinder engine, these proportions 
of the balance-weights may perhaps be rendered clearer 
by an example. t the distance between the centres 
of the cylinders of an outside cylinder engine be 6 ft., 
and the distance between the planes in which the centres 
of gravity of the two balance-weights revolve 5 ft., 
then the distance from each plane to the centre line of 
the nearest cylinder will be Gin. Let us also suppose 
at first that the counterweights are so applied to the 
wheels that their centres of gravity are removed from 
the centre of the axle by a distance only equal to the 
length of the crank ; then, to balance any given weight 
or pressure applied to, say, the right-hand crank, there 
will be required on the left-hand wheel, in a position 
coincident with the right-hand crank, a counterweight 
of a weight bearing the inverse proportion to the 
weight applied to the crank that 5 ft. does to 6 in. ; or, 
in other words, it will have to be oth the weight acting 
at the crank-pin. The counterweight, placed opposite 
the crank on the right-hand wheel, will have to be 
sufficiently heavy to balance both the weight applied to 
the crank and the counterweight on the left-hand 
wheel, or it will have to be equal to 144th the weight 
acting on the crank. In practice the counterweights are 
generally applied close to the rim of the wheels, and 
the distances of their centres of gravity from the centre 
of the axle are accordingly greater than the length of 
the crank; this being the case, their weights would 
have to be proportionately less than just determined. 
The counterweights required for balancing the weight 
acting on the left-hand crank can be ascertained in a 
similar manner to those for the right hand, and it will 
thus be seen that to effect a perfect balance each wheel 
would have to be fitted with two counterweights. In 





the case of outside-cylinder engines, however, the 
smaller counterweights bear such a small proportion to 
the others, that the necessity for their use is almost 
always overlooked in practice, and the weight acting on 
each crank is merely balanced by a counterweight 
applied me the latter. Of course, as in the case of 
inside-cylinder engines, the two counterweights in each 
wheel, which would be required to effect a perfect 
balance, might be replaced by a single counter- 
weight, and the proportions and position of this single 
weight may be ascertained in the manner already ex- 
plained. 

It will, perhaps, be convenient if we introduce here 
some formule for calculating the proportions of the 
various counterweights, founded on the principles above 
stated. Let D=the transverse distance between the 
centres of cylinders; d=that between the planes in 
which the centres of gravity of the counterweights re- 
volve; W=the weight applied to one crank ; C=the 
weight of the larger, and e=that of the smaller counter- 
weight; r=the length of the crank, and R=the 
distance from the centre of gravity of the counter- 
weight to the centre of the axle. Then, W will 
equal the weight of the revolving parts referred to the 
crank-pin, plus that portion of the weight of the re- 
ciprocating parts belonging to one cylinder, which it is 
desired to balance ; and for inside-cylinder engines the 
weight of each of the heavier counterweights (which 
will have to be opposed to the nearer crank) on each 
wheel will be 


and the weight of each of the smaller counterweights 
(which will have to be applied to each wheel in a 
position opposed to the further crank) will be 
_7(d—D), 

2d kK 
For outside-cylinder engines, the weight of the larger 
counterweight, which is to be placed on each wheel 
opposite to the crank to be balanced, will be 
r(D+4) 

WR 
and that of the smaller counterweight placed so as to 
correspond with the crank to be balanced, but on the 


other wheel, will be » 
1_ we “(D—d) 
oathes Wd KR 


If the necessity for the smaller counterweight be 
neglected, the single weight to be applied opposite the 


c= 


C=W 


crank will have to be of a weight =- r The size and 


position of the single counterweight which, as we have 
already explained, may be applied to each wheel in 
place of the large and small counterweights, may be 
found by the following formula, in which the weight 
of the single counterweight is represented by 8, and 
the angle which a radial line drawn through its centre 
of gravity will form with a similar line drawn through 
the centre of gravity of the larger of the two counter- 
weights which it is to replace, by a. 


S R=4/(C R)?-+(c R)? 


. ec 
sin a=—.- 
S 


In inside-cylinder engines the angle contained be- 
tween the centre lines of the single counterweights, 8, 
on the opposite wheels would be less than a right angle 
by twice the angle a, whilst in outside-cylinder engines 
it would be greater than a right angle by the same 
amount. Of course, in applying the formule, the same 
units of weight must be used for the quantities, W, C, ¢, 
and §, and the same units of measurement for the dis- 
tances, D and ¢, as well as for R andr. In balancing 
coupled engines, the total amount of counterweighting 
required for neutralising the action of the reciprocating 
parts is generally divided out between the different 
pairs of coupled wheels, so as to distribute, as much as 
possible, the unequal wear of the tyres caused by the 
action of the counterweights. In the present notice 
we have considered at some length the disturbing 
forces caused by the motion of the reciprocating parts, 
and the manner in which it can be neutralised by a 
revolving counterweight ; but there is much more to be 
said on the matter, and particularly of the action of 
the reciprocating parts combined with that of the steam 
in the cylinders. That of the subject we must 
treat in a future article, m which we shall also notice 
more particularly the deductions made by Mr. Makin- 
= - his paper, to which we have several times re- 





THE PROPOSED CHANNEL TUNNEL. 
(From the Railway News.) 
THe announcement that Mr. Hawkshaw has for some time 
t been engaged in preliminary surveys in connexion with a 

scheme for providing a submarine communication between 
England and France has once more directed public attention to 
4 question which has been discussed more or less for the last 
sixty years. This work, which has been described by an 
eminent French engineer as one which will “consecrate the 
symbolical marriage of England and France,” may well excite 
surprise by its boldness, and incredulity by its vastness. It 
was a great feat which the elder Brunel accomplished when he 
built up his covered way under the Thames. Since then our 
railway engineers have constructed tunnels the length and diffi- 
culties of construction of which have completely dwarfed the 
paltry Thames Tunnel. Atthis moment a covered way is being 
prepared to cross the river at Whitehall, through which trains 
of carriages will be propelled by the pressure of the atmosphere 
alone, Po no one looks upon it as a work out of the ordinary 
range of engineering. Vast as appears the undertaking to 
connect the shores of England and France by a submarine 
tunnel, he would be a bold man indeed who would venture to 
say that it is impracticable, and that, being possible, it is alto- 
gether improbable. 

The idea of constructing this submarine tunnel was, we 
believe, first suggested by the famous French engineer, Mathieu, 
at the end of the last century. In 1802 the plans and sections 
were exhibited to Buonaparte, then First Consul, and were in 
the same year exhibited at the Palais du Luxembourg, L’Ecole 
des Mines, and at the Institute. The plan proposed was an ex- 
ceedingly curious one. It must be remarked that the agency of 
steam for locomotion was not then known; gas had not been 
rendered available for lighting the public thoroughfares; and 
the lumbering diligence or stage coach was then the only known 
mode of public travelling. And yet in the face of these diffi- 
culties the sanguine and far-seeing engineer had the courage to 
propose a tunnel of more than twenty miles in length, to be 
traversed by Englishmen and Frenchmen, beneath the waters of 
the Channel, for the purpose of bringing into closer union the 
two great nations. It was at the time when the short-lived 
Peace of Amiens was concluded that this great work was sub- 
mitted to the First Consul, and it was hoped that the treaty, 
which for the moment put an end to continental hostilities, would 
have lasted sufficiently long to admit of the completion of the 
scheme. When Charles James Fox was in Paris, at the time of 
negotiating this treaty, the scheme for the tunnel was explained 
to him, and, in an interview which he had with the First Consul, 
he expressed his opinion on the subject to the effect that this 
international junction of the two countries would be one of the 
most efficient means of securing the alliance of the two great 
nations ; and, addressing Buonaparte, he said: “ This is one of 
the great things we can accomplish when united.” 

Search has been made in the archives of various institutions 
in France for the drawings and details of this scheme; but it 
has, up to the present, been unsuccessful. The late M. Cordier, 
however, the Professor of Geology at the Museum in Paris, and 
President of the Council held in 1857, had a very distinct re- 
collection of the plans, which he inspected more than halt a cen- 
tury before. The record of it which he has left is not very 
clear, He described the scheme as a subterranean road formed of 
two vaults or arches, one above the other, describing in their 
longitudinal course an irregular line, the highest point of which 
culminated at the centre of the straits. The lower vault was 
to serve as a canal for draining the waters from the upper one, 
which were discharged at either end into spacious reservoirs. In 
the upper tunnel was a paved road, lighted by oil lamps, and suited 
for the diligences drawn by horses—the only mode of traction in 
those days. The ventilation of the tunnel was provided for by 
a series of iron chimneys or funnels sunk through the waters, 
and secured at the base and junction with the tunnel with earth 
and rock thrown into the bed of the channel. As an eminent 
French engineer, speaking of the scheme, says: “ At the com- 
“ mencement of the present century the moral sense of the two na- 
“ tions was not so completely developed us to unite them together 
‘in a civilising work such as this.” A sanguinary war succeeded 
the unfortunate treaty of Amiens. “ ‘Then followed,” he says, 
“forty years of peace, during which, like the Hebrews in the 
“wilderness, the great leaders sank into their graves, and an 
“era of reconciliation was inaugurated, a generous and concilia- 
‘tory policy prevailed, and the prophecy of the great Napoleon 
“was fulfilled—that the men of the school of Charles James 
* Fox would sooner or later rule the world.” 

Napoleon and Charles James Fox were undoubtedly great 
men in their way, but we cannot help indulging in something 
like feelings of pity for those who looked upon the construction 
of this dreary tunnel of twenty-five miles in length, dimly 
lighted with oil lamps, and traversed by the slow diligence, as a 
work calculated to produce such enormous results for the cause 
of humanity and progress. What arrangements, if any, were 
made for keeping the diligences on a track, or what precautions 
were taken to prevent the vehicle being run against the sides of 
the tunnel, we are, we regret to say, left on that subject in even 
greater darkness than the submarine tunnel itself. 

Since the time of M. Mathieu several other plans have been 
saa by French engineers for enabling Englishmen and 
‘renchmen to visit each other without incurring that terrible 
mal de mer. ‘Three distinct plans have been suggested. The 
first of these is the formation of an isthmus or neck of land 
actually joining the two countries, but having in it openings 
sufficiently large to prevent interruption to the navigation of the 
channel—an embankment, in short, stretching trom Dover to 
Calais, with culverts for the uninterrupted flow of the waters of 
the Straits. The celebrated Dr. Payerne next proposed a scheme 
of uniting England to France by means of a submarine tunnel. 
The mode by which he proposed to carry out the idea was to 
prepare at the bottom of the sea a solid foundation of rock and 
stones, well cemented, and on the level floor thus obtained build 
up a covered way, to be constructed in the sea by the use of the 
diving-bell, It is scarcely necessary to say that many difficulties 
were foreseen by pnetioal men, and even by the most sanguine 
friends of the entente jale, against the carrying out both 


these ideas of the learned doctor. Next two gentlemen, MM. 
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Franchot et Tessie, proposed to establish a communication 
through the interior of an iron tube sunk in the bed of the sea; 
but to this latter scheme was opposed a practical difficulty pre- 
sented by the uneven surface of the bed of the Straits. The 
next scheme proposed was that of M, Favre, for a submarine 
tunnel, formed with a covering of timber, thin iron plates, and 
masonry, built up in the sea, and closed with iron valves. Each 
of these schemes was projected without sufficient knowledge of 
the nature of the soil at and below the bed of the Straits, and, 
so far as we have been able to ascertain, no attempt was made 
by previous explorations and research to arrive at data which 
would assist in carrying into practical effect the great under- 
taking. 

The first serious attempt to grapple with the difficulties at- 
tendant on the carrying out of such a work was made by M. 
A. Thomé de Gamond, who in 1857 presented to the Emperor 
of the French an elaborate study on the whole question, and 
proposed the construction of a tunnel from Dover to Cape Grisnez, 
accompanying his report with plans and detailed drawings of the 

roposed work, and geological charts of the bed of the channel. 
ii. Gamond surveyed not less than six routes across the 
channel. One was from Dungeness to Boulogne, a second from 
Dungeness to Cape Grisnez, a third and fourth from Dover to 
Cape Grisnez, a fifth from Ness Corner to Calais, and a sixth 
from Ness Corner to Cape Blanchez. After very mature considera- 
tions, and for reasons which it is not necessary to discuss, mainly 
of « geological character, M. Gamond selected a spot between 
Folkstone and Dover at a place called Eastware as the point of 
departure from the English coast, and Cape Grisnez as the 
terminus on the French side. He proposed the construction of 
a tunnel arched in stone, the external are of which was 
9 metres, or 29 ft. 3 in. in radius, and 7 metres, or 22 ft. 9 in. 
in height. In the lower part of the work he proposed a conduit 
for the drainage of the tunnel, and above this a solid road 
to be constructed for two lines of railway. On each side of 
the railway was a raised footpath for pedestrians, for those who 
were willing to make the voyage from Dover to Calais on foot. 
It was suggested that a second tunnel might be superimposed 
on the first, so that there might be a division of the goods and 
passenger traffic, which it was calculated would be so great as 
to tax to the uttermost the capabilities of a single roadway ; but 
as the cost of the work would be very considerably enhanced, 
M. Gamond very considerately proposed to leave to posterit 
the work of providing any additional accommodation which 
our descendants might require. On the English side the tunnel 
would be entered by a subterranean approach of about 34 miles 
in length, passing along St. Mary’s, Dover, and descending to 
Eastware, at a spot where it passed under the present railway 
between Dover and Folkstone. At this point it would join the 

eat submarine tunnel in the midst of a colossal open tower 
forming the frontier station. On the French side there would 
be a similar approach of about 5 miles in length, starting from 
Rouges Barnes, at the foot of Bazinghen, near Marquise, and 
descending towards Cape Grisnez, where the great tunnel would 
be approached in the same manner as on the opposite coast. The 
tunnel would have branches connecting it, of course, with the 
Northern of France Railway, going in one direction towards 
Boulogne and Amiens, and in the other to the Calais portion of 
the Northern Railway. At Grisnez communication would be 
a with the tunnel by a descent through a tower of 175 ft. 

in. in height, or rather in depth, and at Eastware by one of a 
little less than 100 ft. deep. The section of these towers pre- 
sented in its largest axis a length of 333 ft., and in its smaller a 
diameter of 150 ft. These towers would serve not merely as 
approaches to the tunnel when completed, but as points by 
which the excavated material could be raised during the process 
of construction, and for ventilating-shafts. About midway be- 
tween the two coasts, and on a shoal or bank known as Varne, 
would be established another large tower, connected with the 
tunnel at a depth below the surface of the water of 284 ft. This 
tower would be a station in mid-channel, communicating with 
the tunnel by an easy spiral staircase. The tower would be sur- 
mounted by an observatory and a large reflecting light. The 
interior diameter of this colossal tower was at first proposed to 
be 351 ft. Around the outer part of the tower would be built 
up, by casting earth into the sea, a large island, enclosing docks, 
and supporting extensive warehouses and workshops. In plan 
the island was in the form of a star, and its whole area, as 
proposed, was 17 hectares, of which 7 was enclosed as a port 
or dock, having a northern and southern entrance through 
openings left in the quay walls. Great importance was attached 
by M. Gamond to the construction of this port, as it would 

ve facilities for loading and unloading vessels running between 

tngland and France and the various countries of the world. 
The able engineer expressed doubts as to the sufficiency of one of 
the communicating towers as originally proposed, and suggested 
that it should be enlarged to an ellipse, having its largest diameter 
200 and its shortest 100 metres in length, and if this should 
be adopted it would be possible to have the spiral ascent of 
sufficiently easy gradients to adinit of the railway carriages and 
trucks passing up and down between the quays of the dock to 
the tunnel below. The island to be built up in the sea was made 
up of thirteen “ ilots,” or small islands of strata rising one above 
the other, until the surface was reached ; the lower one containing 
1,069,320 cubic metres of earth, and the upper one 57,600 cubic 
metres. The inclination or shape of the whole work formed an 
angle of 35°. The tunnel would pass below the great island at 
a depth of 22 metres, or 71 ft. Gin. During the process of con- 
struction twelve shafts would be provided between the land on 
either side. The traveller descending the immense tower from 
PEtoile de Varne, or the station of the submarine railway, would 
find himself in a region of perpetual day, for thousands of jets 
of gas spread over the deep vault, or numerous electric lights, 
would drive darkness and gloom out of the huge tunnel. 

It is scarcely possible to form an adequate idea of the 
enormous character of the works proposed by this eminent 
engineer. The island and docks to be constructed midway in 
the channel would require more than 5,000,000 cubic metres of 
earth to be thrown intothesea. The intermediate shafts would 
absorb something like 10,000,000 of cubic metres, and the quan- 
tity of earth to be excavated in the submarine tunnel of the 
dimensions already quoted would scarely be less than the total 
of the two quantities already given. Add to these, however, 





something like ten miles of tunnel, on the two sides of the Chan- 
nel, required for communicating on the land side, and some idea 
will be formed of the magnitude of the undertaking. A bolder 
flight of genius or imagination was perhaps never made than 
that of the tower in the midst of the Channel of 666 ft. in 
diameter—a funnel wide enough to lower into the depths below 
the Great Eastern steamship, and much taller than the Monu- 
ment. The geological character of the formation was carefull 
examined by M. Gamond, and declared to be most favourable 
for the construction of the work. The estimated cost of the 
whole work was 170,000,000 of francs, or rather less than 
7,000,0002.; of this amount the construction of the tunnel itself 
would absorb 112,000,000, the remainder being required for the 
approaches, stations, and docks. The whole work would be 
completed in six years. We are by no means sanguine that the 
plan of M. Gamond will ever be carried out ; but certainly the 
plan of converting our island into a peninsula by means of a 
submarine isthmus is one within the range of the engineering 
science and mechanical appliances of the present day, The 
grave and practical question, “ Will it pay?” involves the con- 
sideration of other and totally different questions. 








RECENT PATENTS. 

Ay unusually large number of specifications have 
been published this week, and among them are the 
following :— 

William Crookes, the well-known chemist and the 
patentee of the sodium amalgam for extracting gold and 
silver from their ores, patents (No. 2229, a.p. 1865) 
the addition to the amalgam of iron, zine, or cadmium, 
separately or together, to prevent the mercury from 
flouring or sickening, owing to the presence of sul- 
phides, &c., in the ore. 

Thomas Wrigley and M. Brown Westhead, patent 
(No. 2232, A.p.j1865) an india-rubber pressure roller for 
railway and other carriage window-frames to hold the 
sash at any required height, and to prevent jarring. 
We have seen this contrivance in use in the States, and 
believe it has been publicly described in this country. 
It is not, however, preferably employed in America, 
and the railway carriages of that country have sash 
fasteners in great variety, some of them exceedingly 
simple and efficient. 

S. and 8. Gilbert (No. 2235) patent a cultivator, in 
which the tines are secured to an upper frame, the 
height of which, and thus the depth to which the tines 
enter the ground, being adjustible upon the lower 
frame, which is directly supported by the wheels. 

Cowpe and Hancock once took a patent for the use 
of magnets as brakes upon railway wheels, They now 
propose to apply the magnets so that they shall act 
upon the rails. Patent No. 2238. 

Oliver Bennett, of the United States, patents (No. 
2245), the familiar application of Hero’s steam engine 
to a blowing-fan, probably a less efficient anys 
than that of Schiele’s steam turbine, as employed for 
the same purpose. 

W. E. Newton patents (No. 2246), as a communica- 
tion, the distillation of turpentine, wood, spirit, &c., 
from wood in close iron retorts and by the use of 
superheated steam. 

The last-named person also patents, as a communi- 
cation from abroad (No. 2248), the treatment of vege- 
table fibre in the dry state, and in close vessels, with 
chlorine gas. ‘The fibre is previously chopped fine, 
and, after its treatment with the gas, it vil readily 
take up water, and thus be reduced to pulp for paper- 


making. 

William Clark (No. 2256) patents, as a communi- 
cation from a French iron-master, several modes of 
securing rails to wrought-iron sleepers, but none of 
these modes strike us as new. ‘The rail is held down 
either by nuts, clips, or keys. 

Mr. Clark also (No. 2257) takes out a patent for a 
Frenchman who has original views as to submarine 
cables, and the mode of maintaining and working them. 
Immense towers, shaped like a hydrometer or sali- 
nometer tube, are to be anchored each by a cable and a 
“weight” at the bottom of the sea. Each tower is to 
be a floating or rather a submerged station, with a 
chimney rising above the water to maintain flotation, 
to admit air below, and to give the means of descent 
into the station itself, which forms a great bulb around 
the tube. This station, many fathoms below the sur- 
face, is fitted up with “studies,” sleeping-rooms, 
kitchen, &c.; in short, with many of the requirements 
of a staff expected to reside in sucha place. It will 
be understood that these stations are along the line of 
the telegraph cable, and are to be as frequent as may 
be thought desirable. : 

Charles Horseley (No. 2259) patents an eccentric 
rotary meter for liquids. 

John Lake, a miller of Devonport, patents (No. 2260) 
a curious apparatus of movable plugs for damping the 
smoke-box ends of the tubes of tubular boilers. Each 
plug is conical, and is made to enter the corresponding 
tube like a stopper, 





Jabez Elverson (No. 2263) patents a neat fret saw 
without guides, 

Barford and Perkins patent (No. 2264) adjusting 
PL ee for graduating the distance between the 
cylinder and concave of Felton’s American grist mill. 

Samuel Chatwood, “ safe-engineer” (we had thought 
this title belonged to Mr. Hawkshaw), patents (No. 
2265) the casting of soft iron upon very fiard iron or 
steel, for safe walls and doors. 

Howard, Stafford, and M‘Callum patent (No. 2272) 
a scum vessel for steam boilers. 

Jacob Snider, jun. (No. 2275) patents the “ shoe” 
adapted to his breech loading chamber in the conver- 
sion of the Enfield and other rifles. 

Julian Grand (No, 2277) patents something which 
will, we think, amuse our steel manufacturers. In 
working cast steel for forgings, it will, he says, weld 
perfectly, and stretch and draw as required, under the 
hammer, if it be covered with a sheath or casing of 
wrought iron while in the heating furnace, so as to 
exclude the air. The wrought iron is afterwards 
worked into the forging itself, and becomes steel also. 
We suppose that Grand’s invention has been tried, and 
we would like to know with what result. 

William Clark (No, 2286) patents, as a communica- 
tion from America, a complicated arrangement of 
steam-moved valves, the specification endimg with a 
series of fine-spun “claims,” such as are usual in 
American patents. 

Mew. i and E. Green, the well-known engineers 
of Wakefield, patent (No. 2291) a system of water 
tube boilers, in which the flues are formed, as in some 
of the boilers of the early steam carriages, of walls of 
water-tubes in close contact with each other. The 
drawing shows two parallel walls of horizontal water- 
tubes, connected at their ends, and rising for a consi- 
derable height. A low wall of tubes, on each side of 
the high double wall, supports a fire-grate, upon 
which the fuel is to be laid, and burnt with a down 
draught, the flame passing under and rising between 
the double wall already described. There is also a 
rotary feeder to supply the coal to ordinary boiler 
furnaces. 

J. M. Hart, of the well-known firm of Hobbs, Hart 
and Co., patents (No. 2294) a mode of forming the 
angles of iron safes. Tenons are to be formed upon 
the edges of the plates forming the walls, and these 
tenons are to be entered through slots in an iron tube, 
into which cast iron or other hard metal is to be run. 
The form of the tenons is to be such as to leave them 
dovetailed into the iron run in the tube. 

James Dawson (No. ro patents a revolving distri- 
butor for distributing bone black in charcoal filters in 
sugar refineries. The distributor is made to be easily 
applied when the filter is open, and to be easily removed 
before closing. The charcoal is to be easily and 
evenly distributed by this apparatus. 

Cory and Adams, patent (No. 2302) a floating 
vessel, with cranes, rails, and trucks, for unloading coal, 
corn, &c., from ships’ holds, 

J. and W. Weems, of Johnstone (No. 2304) patent 
the lining of hydraulic press cylinders with copper, to 
prevent the penetration of the metal of the cylinder by 
the water. They propose to form a hollow in the 
lower side of the ram to act as an air-chamber, although 
there would be far more difficulty in confining the air 
than the water. And they show a press, which we 
could only describe with the help of drawings, for 
a uids from solids. 

James Webster (No. 2305) eee the application of 
an air vessel to the “ hydropult,” now famous through 
the wide advertising of Charles Pomeroy Button. And 
Mr. Webster further proposes to pump air, under 
pressure, into a close vessel partly filled with water, 
and to leave the vessel thus charged, the water to be 
let off under the pressure of the air as required. We 
need hardly point out that air cannot be confined per- 
manently in metal vessels in this manner. It works 
out through the pores of the metal, 

John Anderson (No. 2309) patents an addition to 
railway distant signals. The signal, when put on to 
“danger,” is made to put over a sliding metal block 
between the rails at a point still further distant along 
the line, the position thus given to this block being 
such that a lever, depending from the guard’s van, 
must strike it as the train passes. The lever rings a 
bell in the van. Mr. Anderson also patents a station 
indicator, a clock dial with an adjustible hand, to be 
set to the time at which the last train left the station. 
This idea is not new, nor could it properly be patented 
in the same patent with the alarm apparatus in con- 
nexion with the danger signal. 

R. P. Roberts Pe 2316) patents a protection for 
ships’ bottoms, He first removes all rust by an appli- 
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cation of sal ammoniac or acidulated water, and then 
he applies a varnish containing 90 parts of methylated 
spirit, 20 of shellac, and 2 of copal. To this varnish is 
to be added from 1 to 5 parts, by weight, of cyanogen, 
passed through it in the gaseous form, and besides this 
may be added cyanic acid, iodine, bromine, aconite, 
tobacco oil, &c. 

Nordenskiéld and Smitt (No. 2318) patent a water 
jacket around iron safes. There is a fusible plug, 
which is to go off at 212°, letting in the water around 
the safe. Beautiful; but suppose the safe, during a 
fire, to fall into the cellar, or to fall at all—and a fall 
is very likely in a large fire—what then becomes of 
the water-connexions ? 

William Hewitt (No. 2322) patents a compound 
for preventing or lessening incrustation in steam 
boilers. Leather is to be boiled down to a paste, and 
to every 40lb., 402. of tannic or gallic acid is to be 
added. ‘The stuff is then to be put in the boiler. 

C. T. Burgess, of the large firm of Burgess and 
Key, patents a reaping machine (No. 2324). 

C. J. Webb (No. 2329) patents the application and 
lighting, under a house grate, of jets of gas to light 
the fire. Not new. 

John Macintosh (No. 2332) patents the coating of 
telegraph wires with strips of india-rubber. We do 
not pretend to know where the novelty lies. 

Tangye and Kinver, of Birmingham, patent (No. 
2333) differential pulleys, formed by lapping an end- 
less band several times over the pulleys. This inven- 
tion, we believe, led up to the admirable differential 
yulley now made by Messrs. Tangye Brothers and 
Price a pulley far superior in many respects to that 
patented by Weston. 

W. J. Murphy (No. 2337) patents the following 
contrivance as a brake to railway trains: An eccentric 
on each axle drives the ram of a hydraulic press fixed 
in the framing above. When it is desired to stop, 
water is let on to the presses, and the resistance, 
which must be that only of friction between the 
eccentric and eccentric strap, is to stop the train! 
Mr. Murphy is a resident of Cork. 

J. P. Woodbury, an American, patents a steam car- 
riage for street railways. It has a bogie under each 
end, and one of the bogies carries the engine and 
boiler, which swivel within a circular enclosure in the 
main body of the carriage. For its purpose, well re- 


cognised upon American lines, the system is a good 


one, 


NOTES ON IRON AND IRONWORKS. 

In the manufacture of puddled steel nearly double the 
quantity of coal necessary for making an equal weight of iron is 
consumed, 

On many of the American railways, the battered ends of rails 
are repaired by welding on new iron. The process is very muck 
— than ‘re-rolling; and in many cases the rails, thus 
mended, are nearly as good as when new. 

On the 9th of November, 1851, railway bars sold at 42. 15s. 
a ton, free on board, in Wales. On the 13th of November, 1857, 
sales were made at 5/. 

In the Dudley iron district the cost of building a pair of biast 
furnaces, 40 ft. high each, has been given as 1800/. Eaeh 
furnace requires 160,000 common bricks for the outside work, 
$900 fire-bricks for the lining. and 825 for the boshes. 

A cast-steel fire-alarm bell cast by Messrs. Naylor, Vickers, 
and Co.,, of Sheffield, for the City of San Francisco, California, 
weighed 5824 lb. Its height was 5 ft. 3in.; diameter at the 
mouth, 6 ft. 2 in., aud the thickness of the sound bow 4 in.; 
105 crucibles containing 56 1b. of steel each were emptied in the 
mould in six minutes. Messrs. Naylor, Vickers, and Co. cast 
their first steel bell in 1855, since which time they have turned 
out some thousands. 

Blast-furnaces produce miore iron in the winter than in the 
summer, owing to the greater density of the atmos~here, and 
the canssquently greater supply of oxygen in the former season. 

The point of fusion in cold-blast furnaces may be taken as 
2 ft. above the tuyeres, whilst in hot-blast furnaces the iron 
melts at about 6 in. above the tuyeres. 

The amount of metallic iron annually lost in Great Britain, in 
the blast-furnace cinder, is estimated at 700,000 tons. 

Whilst 22/. per ton have been charged for iron plates weighing 
24 ewt., the same makers have demanded 37/. per ton for plates 
of O cwt. 

The royalty under Neilson’s hot-blast patent of 1829 was one 
shilling per ton. 

The first use of the circular saw for cutting off the ends of 
red-hot rails is believed to have been made in 1834, by Mr. John 
Hill, at that time manager of the Varteg ‘ronworks, of Messrs. 
Kendruck and Needham, South Wales. 

From the entrance of air at the tuyeres of a blast-furnace to 

the escape of the resulting gases at the tunnel head, the time 
varies from 3} to 12 seconds. 
_ Cast iron may be case-hardened by being rolled at a red heat 
in equal parts of powdered prussiate of potash, saltpetre, and 
sal-ammoniac, and by being then placed, whilst yet hot, in a 
bath containing 2 oz. prussiate of potash and 4 oz. ‘sal-ammoniac 
in every gallon of cold water. 

Huntsman, of Attercliffe, near Sheffield, was the first, in 1760 
to make cast steel. He kept his process secret for ten years 
afterwards. = 








The carburet of manganese employed in J. M. Heath’s steel- 
making process of 1839 was made from cakes of oxide of man- 
anese mixed with coal tar. The steel manufacturers evaded 
fis patent by employing this mixture in an unmanufactured 
state. 
In the largest class of blast furnaces, 2318 tons of air have 
been found to have passed through weekly in the reduction of 
883 tons of ore, fuel, and flux. 

Mr. Sanderson estimates the absolute loss of useful effect of 
fuel in the best constructed blast-furnaces as 80 per cent. of the 
whole. 

28 ewt. of pig iron are required in the majority of the Welsh 
mills for the production of 1 ton of railway bars. 

A Mr. Fleury, of New York, professes to be making excellent 
iron by employing electricity and ammoniacal salts in puddling. 
Whilst the iron is in a melted state he introduces into it any 
convenient substance containing hydrogen and nitrogen, and 
then subjects it to a discharge of electricity from Ritchie’s induc- 
tion apparatus. : 

To show that iron is converted into steel by the absorption of 
carbon alone, Mr. S. B. Rogers states that, a hole having been 
drilled in a lump of iron, some small diamonds were inserted and 
hermetically sealed up, and the iron then subjected to heat. It 
was by these means converted into steel. 

Excellent steel may be made by passing purified coal gas over 
Swedish or other good wrought iron, at a high heat. The pro- 
cess, however, is an expensive one. ; 

The theory of the protection afforded to iron by “ galvanising” 
(the zine bath) is very simple. Although zinc oxidises very 
rapidly, its oxide is insoluble and impervious to moisture, which 
is thus kept from the iron beneath. 

In the Adirondack mountains, U.S., a considerable stream falls 
over an iron dam—a ledge of ore very rich in iron. A company 
of English capitalists are understood to have undertaken the 
construction of extensive ironworks at the Adirondack mines. 

The highest proportion of iron melted in a cupola furnace, in 
comparison with the coke expended, is believed to be sixteen of 
the former to one of the latter, or at the rate of 14 ewt. of coke 
to one ton of iron. 

It lias become the practice at some American blast furnaces 
to blow at a blast pressure of from 84 1b. to 101b, per square 
inch. With a blast piston working at this pressure, and at a 
speed of 400 ft, per minute, the heat disengaged from the air is 
such that the leather packing of the piston is often “ puckered,” 
and the hand cannot be borne upon the blast cylinder or exit 

ipes. 

Tt has been stated that it is impossible to puddle iron con- 
taining any admixture of copper. 

Cast iron and wrought iron may be welded together in the 
following manner: Filings of soft cast iron are to be mixed and 
melted with calcined borax, and the mixture sprinkled on both 
the cast and wrought iron. These are to be then heated, when 
they may be welded the same as two pieces of wrought iron. 

At Aberdare, 420 tons of iron have been made from a single 
blast-furnace in one week. 

Double puddling furnaces, at which two puddlers work, are 
largely used in the American ironworks. Heating ovens, also, 
are in many cases employed to heat the pig before placing it in 
the puddling furnaces, the waste heat of the latter going to the 
ovens, 

A very simple process for making “ puddled steel” was 
patented 20th December, 1771, by James Goodyer, of Guildford, 
Surrey. The specification is numbered, under the old law, 1000 
(price 3d.). 

At the Muirkirk Ironworks, the blast was formerly carried 
for a distance of half a mile from the blowing-engines to the 
furnace. 

The Bowling Ironworks have made a considerable number of 
engine tyres of a thickness of 3} in. 

The first steam-boiler heated by the waste heat or gases from 
a blast-furnace} is believed to have been erected in 1835,; by 
Messrs. Laurens and Thomas, at the works of Echalonges, in 
France. 

At a recent period, the Lowmoor Ironworks, at Lowmoor, 
Yorkshire, were turning out 130 tons of railway tyres weekly. 
Aboat 120 pairs of tyre-rolls, each for a different pattern, are 
- on the premises. 

Mr. Truran estimated that 55 horse power are required, ex- 
clusive of friction and leakage, to produce the blast, at a pres- 
sure of 3 lb. per square inch, for the weekly production of 100 
tons of crude pig-iron from argillaceous ore. For the same 
yield from rich carbonaceous ores only 22-horse power are re- 
quired, whilst 52 horse power are necessary to produce the blast, 
at the same pressure, and for the same amount of iron, with 
hematite ore and cinders. 

3068 lb. of soft welding cast steel were melted at the Forest 
Steelworks, near Coleford, in one day, in twenty pots heated in 
ten melting holes or furnaces, each pot being charged three 
times, and not one of them losing any steel. 

The pneumatic lift, in which the pressure of an air-blast is 
turned into a cylinder inverted in water, is superseding the 
incline for raising ore, coal, and limestone to the mouths of blast 
furnaces. 

The amount of steam power employed at “all the ironworks in 
the kingdom has been estimated at that of 340,000 horses. 

In 1855 there were in use at the Dowlais Works sixty-four 
steam engines of all kinds, of an aggregate power of 7308 
horses; five were blowing engines of a total of 2154 horse 
power. 

The power required to drive an 18in. train of rail rolls, in- 
cluding roughing and finishing, also one pair of cropping shears, 
eight straightening presses, saws, &c., sufficient for making 600 
tons of rails weekly, has been found to be 239 horse power. In 
this case, the rolls made 85 revolutions per minute. 

Neilson introduced the hot blast in 1829, thereby effecting a 
saving of 2$ tons of coal in the production of 1 ton of pig iron. 
In 1833, the temperature, previously 300 deg., was raised to 600 
deg., at which, with the blackband ore, 35 cwt. of coal sufficed 
for the production of 1 ton of pig metal. 

In Neilson’s hot-blast patent, of 11th September, 1828, no 
temperature of the blast is specified beyond that “it is better 
that the temperature be kept to a red heat or nearly so.” Mr. 
Cowper has read a paper before the Institution of Mechanical 





Engineers upon some furnaces working with a blast heated to 
1300 deg. 

The blackband ore, discovered by Mr. David Mushet in 1801, 
was, until 1825, used only by the Monkland Compan . Similar 
ore has been discovered, within a very few years, in the coalfield 
of Ruhr, in Westphalia. 

Mr. S. B. Rogers has stated that the extent of the newly dis- 
covered iron deposits in South Wales is 40 miles in length, and 
in some places 4 miles in width, with a thickness varying from 
10 ft. to 30 ft. of solid ore. 

At the Glasgow Iron Company’s works at Motherwell, a cupola 
furnace is employed for melting the pig-iron before running it 
into the finery fires, whence, after refining, it is run off into 
moulds in the usual manner. 

The highly polished surface of Russia iron is produced by 
rolling it under great pressure while in a cold state. 

The great trouble of raking out cupola furnaces, after casting, 
may be saved by raising the cupola on short pillars, and provid- 
ing a cast-iron trap-bottom, on which a deep layer of sand is 
placed to support the charge. When the cast is over, the 
bottom may be dropped, and the slag, &c., collected, leaving the 
interior of the furnace entirely clean and free. This arrange- 
ment of drop or trap bottom is used in every cupola furnace in 
the United States. 

The steam-hammer, the head being attached, as in Nasmyth’s 
hammer, to the piston-rod of the steam cylinder, was described 
in Watt’s patent of 28th April, 1784. 

Some of the Welsh founders are using a separate metal cham- 
ber, lined with fire-brick, in connexion with the cupola furnace. 
The tuyeres are close to the earth, from which the iron, as it 
melts, runs into the chamber. 

In making common iron, about 10 per cent. is wasted in the 
puddling-furnace, and 10 per cent. more in the mill-furnace. In 
making what is known in Staffordshire as “‘ best, best, best ” 
iron, the total waste is nearly 40 per cent. of the pig. 

The hearths of blast-furnaces, originally of a diameter of 6 ft. 
or 7 ft., have, in some instances, burnt ont to 12 ft. 

The Ebbw Vale Works produce, when fully employed, from 
5000 to 6000 tons of rails per month. 

At the Park Gate Ironworks, at Rotherham, the rail-piles, 
for 72 lb. rails, measure 10 in. by 10 in. in section. 

The cost of labour in casting railway chairs does not, in the 
larger foundries, exceed 20d. per ton. 

25 cwt. of coal per ton of iron made is a proper allowance for 
puddling in good furnaces. 

Cupola furnaces have been blown with a hot blast at 600°, 
and in melting down old gas retorts and similar dirty scrap the 
hot blast appears to be necessary to prevent the accumulation of 
slag in the furnace. 

A single cold-blast furnace at the Carron Ironworks has been 
said to be the only one of the kind in Scotland. 

Homogeneous metal, so called, is made by melting Swedish 
wrought iron, cut into scraps, along with about 1 per cent. of 
powdered charcoal; 6 oz. of the latter being allotted to a charge 
of 40 Ib. of iron. 

In making the very best kinds of bar iron, 4} tons of coal are 
burnt per ton made, excluding that consumed in the blast fur- 
nace and finery. 

In 1857, Messrs. William Baird and Co. had no less than 33 
blast furnaces, 16 at Gartsherrie, besides 17 others in Ayrshire. 

The blowing engine at the Dowlais Works, which has a blow- 
ing cylinder 144 in. in diameter, 12 ft. stroke, and a steam 
cylinder 55 in, diameter, 13 ft. stroke, supplied blast for several 
years to eight large furnaces. With three other engines of small 
dimensions it is now blowing twelve furnaces. The working 
beam is 40 ft. in length. The heating surface of the six boilers 
amounts to 8414 square feet, and the effective power is that 
nearly of 1000 horses. 

Iron is said to have been successfully welded after being heated 
by electricity to a dull red in vacuo. 








Tue SniweR BREECH-LOADER.—The mode of closing the 
breech may be briefly described as follows:—A cylindrical steel 
block, fitting into a shoe, opens sideways on a hinge in front of 
the hammer; the block having a certain longitudinal play upon 
the hinge. This shoe or frame is but slightly larger than the 
breech end of an ordinary rifle barrel, and contains a spring for 
retaining the block, which can, however, be opened with the 
greatest ease. No part of the apparatus could be so damaged 
by ordinary rough usage as to become inefficient, and the steel 
block, even when open, presents the smallest possible mark to 
the enemy’s fire. The cartridge is of very thin sheet brass, 
rolled up into a cylinder, so that there is a considerable overlap. 
This sheet brass cylinder has a stout metal base with a rim, 
which base fits into the breech end of the barrel proper. In the 
centre of the metal base is a fixed percussion cap, tired by means 
of a piston passing through the otherwise solid steel block, the 
piston being urged forward by the hammer. On inserting the 
cartridge in the open end of the barrel, the block is closed down 
into the shoe, the hammer pulied back to full cock, and the 

iece fired at once. With the improved-pattern Snider there 
nave been no misfires. In the act of opening the block, a pro- 
jection upon its fore end catches in the rim of the metal base of 
the cartridge, and by sliding the block back on its binge the 
old cartridge is removed, and it falls to the ground by a mere 
twist of the rifle with the left hand. A spring urges the block 
forward into its place again in the improved pattern, but at first 
this had to be done by hand. The time now consumed in re- 
moving the old cartridge is quite inappreciable. The overlapped 
cylinder of thin sheet brass is expanded by the discharge of. the 
powder so as accurately to fit the barrel, effectually preventing 
the escape of gas. This has been amply proved by experiment. 
If, before introducing the cartridge, we crush the sheet brass 
sides by repeated blows against the sharp edge of a table,—in 
fact, if we destroy its shape as much as ible without break-~ 
ing completely through the ‘brass, it still comes out, after the 

ischarge, a most perfect cylinder. 

SreamBoat Enoines.—The New York and Bristol line of 
steamboats, now in course of construction, will have each one 
cylinder 110 in. in diameter, and for a 12 ft. stroke. A con- 
siderable number of single-cylinder engines of 105 in., and of the 
same stroke, have been made in New York. 
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STEAM YACHTS. 


Rosert STEPHENSON was never more at home than 
when on board his sailing yachts, the old and the new 
Titania. Fast, staunch, roomy, and comfortable, the 
newer of these ocean namesakes of the fairies’ queen 
bore him with her white wings away up the North Sea 
and the Mediterranean, and, had he cared to do so, he 
might have sailed her to America when he visited that 
country in 1853. Fond as they may be, however, of 
yachting, but few of the members of our profession 
nave much time to devote to it, and very a indeed 
go to the extent of keeping a yacht. Mr. George 
Robert Stephenson, animated with the spirit of his late 
distinguished relative, sails the St. Lawrence and the 
Tyne, and Mr. George Parker Bidder, who was Robert 
Stephenson’s closest personal friend, hoists his flag 
upon the May Fly. Of the mechanical engineers, a 
larger number are yachtsmen, and two or three of these 
are often to be heard of in matches. Mr. George 
Harrison sails the smart schooner Circe, and Mr. 
Herbert Maudslay the cutters Sphinx and Volante. 
Mr. Penn contents himself with a neat paddle steamer, 
and despite the charm of long tacks and running off 
the wind with a quarterly sea, and the keen excitement 
of races for hundred-guinea cups, we believe there are 
many who would willingly exchange the éclat of the 
smart cutter for the certainty and greater safety of a 
steamer, such, for example, as Mr. Lancaster’s Deer- 
hound, to the timely presence of which craft the Con- 
federate privateer, Captain Semmes, owes his preserva- 
tion from a watery grave. We understood, some little 
time ago, that one of our manufacturing Creesuses of 
the north, the spirited owner of the Oithona, contem- 
plated bringing out a handsome screw steamer, larger 
and more fleet than the Stella, the yacht of the vice- 
commodore of the Royal London Yacht Club ; although 
not perhaps so stately and full of steam as the late Mr. 
Assheton Smith’s famous paddle yachts. Captain Blake- 
ley, too, it was rumoured, was about to have built for 
him a handsome twin screw, wherein to voyage between 
England and St. Petersburg. The famous and extra- 
ordinary vessel, the Ross Winans, built at a cost of 
60,000/., is a remarkable example of what a steam 
yacht may be; but we are not about to deal with such 
princely craft, any more than with the royal and im- 

erial floating palaces, the Victoria and Albert, L’Aigle, 
Nevka, Faid Gehaad, Cleopatra, and the Mahroussé. 
We must keep to much shorter keels and narrower 
beams, and content ourselves with engines of not more 
than 40 or 50 horse power, or possibly much smaller, 
like those of Sir H. wee ed yacht, or those of the 
Dragon Fly, the yacht of the late Mr. Joshua Field. 
White, of Cowes, has built yachts into which very tiny 
engines have been placed by Messrs. Belliss and Seek- 
ings, of Birmingham, engines not nearly as powerful as 
those now fitted into the steam launches of her 
Majesty’s ships, and lately illustrated in these pages, 
od there are those among the Clyde engineers who 
have set themselves up in hardly larger craft wherein 
to steam up Loch Long, or among the Kyles of Bute, 
or away out to Ailsa Craig. It is wonderful what a 
little vessel may brave when handled by good men. 
The yacht Spray, of 20 tons, made the run a few years 
ago from Greenock to Hobart Town in 120 days, and 
was not, it was stated, once hove-to on the whole 
voyage. A cutter of 23 tons crossed the Atlantic in 
1857, arriving at Liverpool in July of that year. In- 
deed, two men and a dog have lately left New York in a 
lifeboat, the Red, White, and Blue, stocked with eighty 
days’ provisions, for a voyage to Liverpool. Not that 
the little Clyde steam yachts could attempt such feats 
as these, for they are not built for such work. Thus 
one little screw yacht built in Glasgow was 30 ft. long, 
and drew about 12 in. aft and 3 in. forward—hardly more 
at the bows than an outrigger. And with a pair of 
engines having 4} in. pee and 44 in. stroke, and 
worked with 35 lb. of steam, this little craft made nine 
miles an hour on the Clyde; but we presume no one 
would think of going to sea in her—although we will 
not quite commit ourselves even upon this point. 


One of the first iron screw vessels ever built in this 
country, and certainly the first to cross the Atlantic, 
was the Robert F. Stockton, built’ for and owned by 
the American commodore of that name, and who was 
the first person who really appreciated Captain 
Ericsson’s efforts to introduce the screw propeller. 
The Stockton was but 70 ft. long and 10 ft. beam ; her 
— were said to be of 50 horse power—indicated, 
and the utmost at that, we presume—yet she came 
round from the Mersey to the Thames in December 
1838, and in April of the following year she started 
under sail for New York, reaching there in May. To 
build a yacht of iron was of itself a bold venture then, 





although we may note, by the way, that a yacht of 
which the hull was made of copper was presen 
rather more than a century ago to the grandfather of 
the present Marquis of Anglesea. 

A superior class of iron screw yacht was that, said 
to be the first regular sea-going screw steamer built 
on the Clyde, the Vesta, designed by Mr. John 
Grantham for Lord Newborough, of Carnarvon, and 
engined by Messrs. Tod and McGregor. She was 
125 ft. long over all, 110 ft. on the load line, 21 ft. in 
extreme breadth, and 12 ft. depth of hold. She was 
rigged as a two-masted schooner, was fitted through- 
out with neat cabins, and her owner, with his family, 
made frequent voyages in her to the Mediterranean, 
Norway, and other places. She had two oscilliating 
engines working direct on the screw-shaft, the cylinders 
being 27 in. in diameter, with 24 in. stroke, and were 
nominally of 40 horse power. This vessel made her 
first trial eighteen years ago, and is still in excellent 
— having been fitted with a new and larger 

oiler. 

In his great work on naval architecture, Mr. Scott 
Russell gives the lines, with plans and sections, of the 
two-masted steam-screw schooner the Campanera, 
built of timber by J. Samuel White, of Cowes. She 
measures 107 ft. 8 in. long for tonnage, 21 ft. beam, 
and has a depth of hold of 11 ft. 6 in., with a mean 
draught of water to rabbet of keel of 9 ft. She rates 
as 225 tons burden, old measurement, and has a single- 
cylinder horizontal engine of 35 horse power. If we 
leave out of consideration the deep keel and false keel 
of ordinary yachts, she has a considerably greater 
rise of floor than is usual, and, apparently under the 
influence of the old law of measurement for tonnage— 
a law which Mr. Scott Russell very properly terms a 
legal straight jacket—her stern post is of tremendous 
oe Of the whole length, 20 ft. of the best portion 
is necessarily given up to the engine and boiler, the 
overhang of the stern is about as much more beyond 
the stern lockers in the cabin, and the owner and his 
friends have in all about 30 ft. of the length for their 
— use as cabins. The draught is about 8 ft. at the 

ow and 10 ft. 6in. at the stern, the screw-shaft being 
inclined downwards towards the stern post to get a 
9 ft. screw well under water. This yacht affords a 
good deal of comfortable accommodation, and is no 
doubt a good sea boat. She makes 9 knots an hour, 
with 108 revolutions of her engines per minute (18 in. 
stroke). She carries 32 tons of coal, 36 tons of car; 
in ballast ; her machinery, boilers, and water weigh 28 
tons ; and her total displacement, when ready for a 
cruise, is 217 tons. 

The Duke of Sutherland’s three-masted iron screw 
yacht, Undine, is still larger, and affords, of course, 
more and better accommodation. She has pure wave 
lines, and but moderate rise of floor. She os a very 
deep keel, to which the garboard strakes are rivetted 
for the whole depth. er length between perpen- 
diculars is 123 ft., and on load-water line 125 ft., while 
her beam is unusually broad, being 25 ft. Her tonnage, 
builder’s measurement, is 363. Her draught of water, 
without keel, is 8ft., and the keel is 2 ft. 6 in. deep. 
On her 8 ft. draught her displacement is 284 tons, and 
her immersed midship section 159 square feet. The 
wetted surface has | So calculated as 3428 square 
feet. With engines, by Messrs. James Watt and Co., 
of 50 horse nominal and 1592 indicated, she makes an 
average of 1] statute miles an hour, or 264 in the 
twenty-four hours. The engines are angular direct, 
with 24in, cylinders and 15in. stroke; the single 
tubular boiler has four furnaces, 228 tubes, 5 ft. 7 in. 
long and 24 in. in diameter, and contains 1026 square 
feet of total heating surface. The two-bladed screw is 
7 ft. 9 in. in diameter and 11 ft. 4 in. pitch, and makes 
100 revolutions per minute with steam of 15 1b. The 
consumption of coal is given as 5 cwt. per hour, or 
6 tons per day, but it isnot probable that this applies 
to the full indicated power given, as the pressure is 
low, the steam is cut off at three-fourths stroke, and 
there is no superheating. 

The weights of this yacht are as follows: iron in 
hull, 83.3 tons ; wood in hull, 25.3 tons; allowance of 
coal, 30 tons; engines, 12 tons 3 ewt.; boiler, 1732 
tons ; water in boiler, 64 tons ; screw, 12 ewt. ; anchors, 
cables, and hawsers, 6 tons; sundries, 5 tons; masts, 
spars, and rigging, 18 tons; total weight, 204 tons 
12 ewt. 

Steam must, in our opinion, become extensively 
adopted in yachts, not absolutely for the same reasons 
that it has been in war and merchant vessels, but 
because it gives a certainty of movement often of great 
consequence even to the yachtsman, and which he can 
never derive from sails. We remember two gentlemen 
who last year undertook to sail from the Thames to 





Kingstown, and, as they intended to be present at the 
Dublin meeting of the Mechanical Engineers, they 
embarked, as they thought, in good season. But the 
wind died away when they reached the Land’s End, 
and it was with some difficulty even that they managed 
to effect a landing. Once ashore, however, they were 
soon upon the ‘West Cornwall Railway, ond they 
reached tie Irish capital—but two whole days late— 
vid Bristol, Birmingham, Chester, and Holyhead. The 
assion for mere salling may be a very natural one— 
or it certainly comes by inheritance—and its gratifica- 
tion is attended with healthful and exhilarating occu- 
pation ; but all the pleasure of sailing may be combined 
with all the certainty of steaming. There are tenfold 
more amateur sailors who object to steam as unyachts- 
manlike than there are who object to its cost, possible 
danger, the smell of the engines, or the vibration of 
the screw. We are -~ aware that much may be 
said against steam. It involves the sacrifice of the 
very best cabin space in the whole yacht. It brings 
on board engineers and stokers, who wild be more or 
less greasy and sooty; and then there is the smoke, 
even with the best of Welsh coal. The varying dis- 
placement ever due to the coal, as it is burnt out, is 
an objection. “ It is all very well,” we hear, “to put 
“ up with a nuisance when you are on business and 
“ desire to get on in a hurry; but where you are out 
“for pleasure, don’t let us have the nuisance of 
“ steam.’ 

We shall not argue the question, for it is wholly one 
of taste or liking, and such questions do not admit of 
argument. We only know that there are many who 
prefer steam to sails, or rather sails with steam to sails 
without steam. But the objections to steam are such 
that before it can become generally introduced into 
yachts—before we can look for the establishment of a 
steam - yacht squadron—the machinery must be 
simplified to the utmost, and, as far a all the 
objections to it must be overcome. With Welsh coal, 
deep roomy furnaces, perforated air-doors, and careful 
firing, there need be no smoke whatever ; the ventila- 
tion should be such that all the air passing through 
the furnaces should first pass through the engine-room, 
and if this principle be properly carried out there need 
be no smell from the engines. As for the screw, one 
having three or four blades, and driven at a quick 
speed, say 100 to 150 revolutions, and deeply im- 
mersed, will not cause sensible vibration. It should 
be of Griffiths’s pattern, and if the rudder-post be 
behind it, as in the usual arrangement it will be, 
the fore and aft edges of the post should be cut sharp, 
as much of the vibration of all screws is caused by the 
water beating against a thick rudder-post. 


There, of course, is the room—the best part of the 
yacht—given up to the engine and boiler. This can- 
not be helped if we are to have steam at all. There 
must be a good deal of room in the boiler, if it is to be 
of any use, boiling down salt water. A yachtsman 
may, perhaps, trust to a surface-condenser, and thus 
carry high steam, but even here he might have his 
safety-valve upon his mind when he would wish other 
entertainment. Those, however, who wish all the 
improvements, and who do not object to pay for them, 
should consult Penn, or Maudslay, or Rennie, and 
have the best while they are about it. But there are 
those who, either engineers or in the habit of thinking 
for themselves upon engineering subjects, may like to 
have the general scheming of their own yacht 
machinery. The matter of taste or liking goes so far 
here, that these gentlemen must be left entirely to 
themselves to decide whether they will have single or 
double cylinder engines, single or twin screws, surface 
or injection condensers, high or low pressure steam, 
&e., &e. 

Upon these, and the broader points of steam-yacht 
construction, we may say that there is much room for 
original designs, which shall provide for the most ac- 
commodation with reasonable speed, say nine to eleven 
knots, at a moderate cost. We believe, for our own 
part, that, with deep keels, yachts should be made with 
much flatter floors, and that they should rise more out 
of the water than is usual. They should, whatever 
their deck may be, have besides ows roomy lofty 
cabins, wherein the owner and his friends may pass a 
comfortable day or night when all outside is wet and 
dismal, or dead calm with a blazingsun. For our own 
part, we recommend the design of a new class of steam 

achts to our young marine engineers and shipbuilders. 
Let them take care only that they lay down lines and 
adopt a construction which shall secure good sea-going 
ualities with fair speed ; for high speed should never be 


the first object with a yacht, although many yachtsmen 
treat a victory in a match as a thousandfol ond all 
considerations of comfort and convenience. own 
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opinion is that matches are well “+ for those who 
cannot enjoy the sea and sea life without the excite- 
ment of intense competition, but that there are hun- 
dreds of English gentlemen who, could they be sure of 
really comfortable and elegant accommodation on 
board a steam yacht of moderate tonnage, would not 
hesitate to order one, and have it manned and found for 
a cruise. With these gentlemen it is most desirable that 
the cut. and dried formule and the rusty traditions of 
yachting should be exploded under their eyes and 
nose, and they would find their advantage in dismiss- 
ing from their minds all the yacht clubs in existence, 
and in refusing to hold themselves amenable to any 
laws of tonnage beyond the actual displacement of 
their vessel. We are aware that several engineers are 
now engaged upon the design.of steam yachts with 
proper ideas of comfort and convenience, and we have 
reason to hope that some of them may not be dis- 
inclined to place their designs before the public. In 
this case we shall be happy to carefully engrave and 
describe promising designs for gentlemen’s steam 
yachts ; and we believe that to this single department 
of construction our engine and yacht builders may 
look for an extensive future practice. 


MECHANICAL TREATMENT OF ORES. 

We alluded, in a paragraph last week, to the paper 
by MM. Huet and Geyler, on the mechanical prepara- 
tion of minerals, for which a gold medal had been 
awarded by the French Institution of Civil Engineers, 
and we now intend giving some notes on that portion 
of it referring to the treatment of the finer particles of 
the ores. These finer particles, such as metallic sand 
and the washings from the earlier operations to which 
the ore is subjected, are, from their large quantity, 
of far too much importance to be thrown on one side, 
and special arrangements have therefore to be made for 
their preparation. When a quantity of light matters of 
equal density are carried in a state of suspension by a 
stream of slowly running water, the particles tend to 
deposit themselves in the order of their size, the larger 
particles falling first on account of their offering, in 
proportion to their weight, less surface to the action of 
the water than the smaller particles. _ If, however, the 
matters are of different densities, as is the case with 
the sand and silt above mentioned, then this difference 
between the specific gravities of the various particles also 
tends to staiens a classification independent of that 
arising from the difference in size ; and the consequence 

_is, that the smaller metallic particles are deposited with 
the worthless ones of larger size but less specific gravity. 
The regular deposition of the smaller particles is also 
interfered with by their becoming, as it were, entangled 
amongst the larger particles, and being carried down 
with them. To obviate the inconveniences just men- 
tioned, several forms of ore-washing apparatus have 
been designed, and these we shall now proceed to 
consider. 

The conical washer or separator, shown by Fig. 1 
(page 56), is one which is very effective. It consists of 
an inverted conical vessel, a, within which is placed 
another inverted cone, 4, the latter being capable of 
being raised or lowered, so as to adjust it to various 
distances from the outer cone, by means of the screw, 
c. The inner cone is perforated at its lower part by 
holes, ¢, and the outer one, the top of which is sur- 
rounded by the trough, e, communicates below with 
the chamber, /, into which a stream of water is ad- 
mitted by means of the floodgate, G, The chamber, /, 
contains a small inverted cone, 4, placed below the 
opening of the uphes cone, and furnished with an 
opening, I, through which the deposited matters are 
discharged. The action of this apparatus is as follows : 
The sand and silt in a state of suspension in a stream 
of water, being led into the inner cone, 4, escape 
through the holes, d, into the space between the cones, 
and are there met by an ascending current of water 
rising from the chamber, 7 This ascending current 
carries away the lighter particles, causing them to flow 
with it over the top of the outer cone into the trough, 
e, whilst the heavier particles settle down into the cone, 
A, and ultimately eseape by the orifice, I. The par- 
ticles are thus classified accorcing to their weight and 
the surface they offer to the action of the water, and 
the size and weight of those aeposited can be easily 
regulated by varying the distance between the two 
cones and the force of the ascending current; the 
‘closer the cones, and the stronger the current, the 
greater being the resistance to the deposition, The 


matters carried over into the trough, e, are led by the 
spout, K, into the inner cone of a second separator, and 
so on, the separators being commonly arranged in sets of 
four or six, and the spaces between the cones, and the 


strengths of the ascending currents of water being so re- 
gulated that the heaviest particles are deposited in the 
first or upper separator, the less heavy in the second, and 
so on. ih some cases the vessels, a and 4, instead being 
conical, have heen made cylindrical, and this form may 
sometimes be employed with advantage when a large 
quantity of material is to be acted upon, and a very 
careful washing is not required. In this modification, 
however, the space between the inner and outer vessels 
is of course a constant one, there being no means of 
varying it. 

The conical separators above described, although 
they give exceedingly good results, are yet expensive, 
and require a large quantity of water to work them; 
and, in consequence of this double objection, the 
arrangement shown by Fig. 2 is rl used, It 
consists of a large box or trough of a trapezoidal shape, 
having the bottom formed by a series of ridges, which 
diyide the box into a number of conical compartments, 
each furnished with an orifice at the bottom. Above 
the box there is carried for its whole length a water- 
pipe furnished with branches descending one to near the 
hen of each compartment, each branch being fitted 
with a cock, and carrying at its lower end a nozzle by 
which the issuing stream of water is deflected upwards. 
The matters to be classified, carried in suspension in a 
stream of water, are led to the smaller and shallower 
end of the box, and allowed to flow into the smallest 
compartment, where the heaviest particles are deposited ; 
and the other lighter ones, which may have been 
carried down with them, are met by the ascending 
stream of water, and carried over into the next division, 
this process being repeated until the larger end of the 
box is reached. ‘This apparatus has been much used 
on account of the cheapness of its construction, 
although its action is not so perfect as that of the 
conical separator. 

Before proceeding to consider the machines by which 
the metalliferous matters are treated after leaving the 
separators, we may say a few words about the action 
of the latter. We have already mentioned the manner 
in which a number of particles of different sizes and 
densities, carried in suspension in a stream of water, 
are successively deposited ; and, from what we have 
said, it will be easily seen that any alteration in the 
rate at which such a stream was flowing would at 
once cause an alteration in the spot at which the depo- 
sition of particles of a certain size took place, an in- 
crease of the velocity carrying them further than 
before, and vice versd. In.the old-fashioned “laby- 
rinth,” in which the matters to be sorted are thus 
deposited from running water, the accumulation of the 
deposited particles themselves, in certain parts of the 
apparatus, causes the size of the passage through which 
the water flows to be diminished, and consequently (if 
a constant quantity of liquid and solid matters is sup- 
plied) alters the velocity of the current. As this 
alteration in the rate of the current would, if per- 
mitted, cause the larger particles to be carried on to 
where the finer ones were previously deposited, it is 
necessary to remove from time to time the deposited 
matters, this being done by hand-labour. 


The pointed boxes introduced by M. Rettinger are 
an improvement upon the labyrinth, but they are still 
open to many objections, some of which are obviated 
by the goa shown in Fig. 2, and which we have 
already described. In this latter the arrangement ‘ad- 
mits of a canal for the water of a regularly increasing 
cross section, in which the velocity of the horizontal 
current is uniformly varied, but the ascending current 
has not the same regular action, its speed being dif- 
ferent at different points in a horizontal. plane—more 
rapid in the centre than at the sides—and the conse- 
quence is that particles of a size which at. one point 
would be lifted wp and passed into the next division 
are, at another point, allowed to settle down. ‘This 
unequal action is, however, fortunately corrected to a 
considerable extent by the pyramidal form of each 
division, this making the movement more rapid 
towards the bottom, and bringing the greater part of 
the particles which are too fine within the action of the 
central current, and thus causing them to be carried up 
and over into the next division. The action of the 
conical separator, which we described by the aid of 
Fig. 1, is still more perfect, the velocity of the ascend- 
ing current being the same at all points in a horizontal 
— and the separation of the grains from each other 

sing solely effected by it. We have explained at an 
early part of this notice that two particles of different 
sizes may have their densities so proportioned that they 
would both sink at the same rate in water in a state of 
repose. In this case it is evident that the particle of 
the least density would have the largest volume ; and 





if, therefore, the liquid had a motion imparted to it in 








an opposite direction to that imposed upon the parti- 
cles os gravity, it would oppose their falling in the 
proportion of the surfaces exposed by them to its action, 
and would consequently offer less resistance to the de- 
sition of the denser particle than to that of the other. 
it is owing to this fact that the conical separator can 
in some cases be employed for sorting out the particles 
in proportion to their richness, the ascending current 
employed under these circumstances being a very 
strong one, so that only the heavy grains containing a 
large sp of metal can deposit themselves. 

After the sand and silt have been sorted into classes 
by the action of the separators, they have next to be 
taken to the special machines by means of which the 
useless matters are separated from those containing 
the metal. The extent to which this preparation, or, 
as it is called by MM. Huet and Geyler, exrichissement 
is carried, will depend upon various circumstances, such 
as the nature of the ore, the value of the metal which it 
contains, and the distance to which the materials have 
to be transported from the place where the preparation 
is carried on to the reducing furnaces, and it will there- 
fore have to be specially determined in each ease. The 
older machines in use for effecting it are the stationary 
table, the “ buddle,” the German box, and the shaking 
table, these having the disadvantages of being inter- 
mittent in their action and requiring the constant at- 
tendance of workmen ; whilst the new machines which 
we are about to describe are the rotary tables, the con- 
tinuous shaking tables, and the distributors. The 
rotary tables, which are of two classes, the concave 
and the convex, act in the same manner as the well- 
known “buddle,” but continuously instead of inter- 
mittently ; and in order that they should perform their 
work efficiently, it is necessary that they should be 
made with a perfectly even surface, and that they 
should revolve at a steady speed. When the tables 
were made of wood, as is the case with most of 
the other machines employed in the preparation of 
materials, this requisite evenness of surface was difficult 
to obtain, and their general application was thus re- 
tarded until M. Neurburg introduced the construc- 
tion of them in cast iron. The concave tables, which 
are derived from a species of funnel-shaped buddle de- 
signed by M. Hiindt, are generally used for cleaning 
the sand, previous to its treatment by the shaking 
tables, and the convex tables are more usually employed 
for the preparation of the silt. 

The fixed table, which is simply an inclined plane, 
upon which the particles are deposited by a stream of 
water, is the source from which all the apparatus 
employed for preparing the finer metalliferous particles 
has sprung, and the two methods in which the work 
can be conducted on it have given rise to two modes 
of working, viz., that by accumulation and that by 
superficial deposition. According to the first plan the 
matters are lowed to be deposited on the table to a 
considerable thickness, the layer thus formed being 
afterwards divided transversely into strips of different 
degrees of richness, those containing a large propor- 
tion of metal being conveyed to the furnaces, whilst 
the others are subjected to further treatment. This 
method of proceeding is slow, owing to the operations 
being intermittant, and it requires the constant atten- 
tion of a skilled workman. The second plan, that of 
superficial deposition, is the one most generally adopted, 
aud, according to it, the supply to the table of the 
matters to be classified is stopped as soon as the de- 
yosits reach from the head to the foot of the table. 
This method possesses the advantage of maintaining a 
constant inclination of the surface upon which the 
deposition is carried on, but, like the first, it requires 
the assistance of hand labour. In their paper MM. 
Huet and Geyler enter very fully into the theory of 
the fixed table, and the effect of alterations in its 
shape; but into this portion of their subject our space 
will not allow us to follow them, and we must therefore 
proceed to the description of some other forms of ap- 

varatus used for the preparation of the fine metal- 
icone particles under consideration. 

The circular buddle, which is much used in this coun- 
try for washing copper ore, is one of the derivatives 
of the fixed table. It consists of a circular excavation 
2 ft. or 3 ft. deep and from 18 ft. to 24 ft. in diameter, 
having a conical floor, which, in the ordinary form or 
convex buddle, rises 8 in. or 9 in. towards the centre, 
where there is placed a conical wooden block. Above 
the block is a funnel-shaped hopper, having two arms 
which project over the buddle, the ae gs with its ap- 
purtenances being carried by a central shaft driven by 
suitable gearing. A board, fitted over its whole lower 
face with a brush, is hung from each arm by cords pas- 
sing over pulleys, the weight of the board and brush 
being balanced to any desired extent by counterweights, 
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The mixed ore and water are supplied to the central 
hopper, from which they fall on the central conical 
block and are distributed over the floor of the buddle, 
the brushes as they revolve, being drawn lightly over 
the surface of the deposited particles, thus preserving 
the original inclination of the cone. From the form 
of this buddle it results that as the matters recede 
from the centre, the intensity of the current decreases 
owing to the increased surface over which it is spread, 
and the apparatus thus corresponds to some extent: to 
the fixed table with increasing width. Inthe concave 
buddle, designed by M. Hiindt, in which the materials 
are supplied around the circumference and allowed to 
flow towards the’ centre, the action is of course the re- 
verse of that just mentioned. 


Figs. 3 and 4 represent a concave rotary table con- 
structed according to the plan of M.:Neurburg, to 
which we have already alluded, It consists of an 
annular iron table, A, of a concave form, carried by 
arms from a central vertical spindle, B. ‘Below this 
table, and around its inner ¢ircumference, is placed the 
trough, C, which receives the sorted matters, and is, 
divided into three compartments for-that purpose, 
whilst above the table, and around rather more than 
half its outer circumference, is placed the watering- 
trough or gutter, D. The. gutter, D, is perforated 
with a number of small holes for distributmg water 
over the outer part of the table, the water being sup- 
plied by vertical pipes, rising from the annular 
pipe, F, and each furnished witha cock. From the 
same annular pipe, I’, are also led two other vertical 
pipes furnished with branches, E, E', which are jointed 
so as to be moveable into any position in a horizontal 
plane. The branch, E, is straight, whilst that marked 
E' is T-shaped, and both are perforated, the latter 
being used for washing off the lighter matters from the 
lower or inner part of the table, and the former for 
completely clearing the table, and consequently for re- 
moving the richer particles from the higher part. The 
table is worked in the following manner: The matters 
to be treated are delivered by the aid of a “dis- 
tributor,” which we shall describe presently, upon that 
portion of the table which is between the jet, E, and 
the gutter, D, in fact, near the point where the arrow, 
showing the direction in which the table rotates, is 
placed in Fig. 4. As the table revolves, the lighter 
matters are washed down by the water fromthe gutter, 
D, into the proper compartment. of the receiving- 
trough, C, and the remaining particles are arranged on 
the table in two zones of varying width, the outer or 
that on the higher part of the table being formed of the 


richer grains, and the other or lower zone of those-con-’ 


taining less metal. As the table continues to revolve, 
these zones are brought under the action of the two 
jets, E’, E, when the former, acting upon the inner 
zone only, washes the particles composing it into the 
corresponding compartment of the trough, C, and the 
latter entirely clears the table ready for a fresh charge 
by sweeping the richer grains of the outer zone into 
their proper compartment of the receiving-trough. It 
will thus be seen that the whole process of sorting out 
the materials is performed during a single revolution, 
the charge being constantly supplied at, one point, 
and its complete removal being constantly going on at 
another. 

The table above described has necessarily to be driven 
slowly, and there are several practical objections to 
its arrangement, which MM. Huet. and Geyler have 
endeavoured to remedy by the improved apparatus 
shown in Fig. 5. The table of this machine is, like 
that of the one shown in Figs. 3 and 4, annular and 
concave ; but, instead of being supported by a central 
shaft, it rests upon the outer rim of the receiving 
trough,C. To the under side-of the table, just outside 
this trough, is fastened the spur wheel, S, which gears 
into the pinion, R, carried tr a short vertical shaft. 
On the same shaft is placed a worm-wheel, which is 
driven by the worm, K, on the shaft, L, this shaft 
being furnished with the fast and loose pulleys, P, P’. 
The watering-trough, D, extends above the table 
rather more than half round its circumference, as in 
the machine previously described, and is supplied with 
water from the main, F, by means of the branches, /, 
which are furnished with cocks. For washing down 
the matters deposived on the table, jets are employed, 
as in M. Neurburg’s arrangement, but an additional 
T-shaped jet is provided, there being two of them instead 
of one. ‘The jets are united to their branches, /, by 
means of ball-and-socket joints, This arrangement of 
MM. Huet and Geyler’s has the advantage of being 
compact and requiring no overhead gearing, and the 
addition of an extra T-shaped jet is found to give good 
results in practice. 

_ The convex rotary tables, made according to the 





systems of M. Neurburg and MM. Huet and Geyler, 
resemble in their details thé concave tables above de- 
scribed, the difference in the arrangement being, that 
when the tables are convex, the watering-troughs are 
placed around the inner, and the receiving-troughs 
about the outer, circumference; whilst the jets for 
washing down the tables are all straight, and are 
slightly differently placed to those of the concave 
tables. 

The dimensions of both the convex and concave 
tables are very variable, depending upon the nature of 
the matters to be treated and the size of the works. 
It will be readily understood that the larger the table, 
the greater is the quantity of material that can be treated 
in a given time, and the more fit it is to wash matters 
containing a small proportion of metal. The speed at 
which a table is run will depend upon its size, the 

uantity and quality of the matters to be treated, and 
the nature of the work to be performed ; in general, it 
may be said that the maximum velocity is —_ by 
the time necessary for the deposition and washing of 
the materials. The watér supplied to the table, mixed 
with the matters to be treated, as well as that employed 
for the washing, will vary in quantity according to the 
coarseness of the materials, and according to whether 
they are more or less argillaceous. Some quantities de- 
termined by experiment are as follows: for a concave 
table, 5 ft. 7 in. in diameter, about 132 gallons per mi- 
nute; for a concave or convex table, 8 ft. 2in. in dia- 
meter, about 200 gallons per minute ; and for a convex 
table, from 13 ft. to 16 ft. in diameter, about 260 to 
270 gallons per minute. The amount of work capable of 
being reed out by these tables is also very variable, 
their capacity depending upon the nature of the ma- 
terials and the perfection to which the washing is 


‘carried ; a mean will be about 24 tons per day for the 


smaller and 6 tons per day for the larger tables. The 
power required to drive them is very small, not exceed- 
ing 3 of a horse power. 

The shaking tables, which we now proceed to con- 
sider, form one of the first modifications of the fixed 
table, and in their old form consisted merely of a heavy 
table suspended by chains from a large wooden frame. 
This mode of construction was improved by M: Neur- 
burg, who substituted iron for timber, the head of the 
table being suspended from a cast-iron frame which 
also carried the moving parts, and the foot being sup- 

orted by a pair of cast-iron columns. Don Jose del 
eiadaterio also suggested supporting the table from a 
pair of shafts by four stirrups ; but, although the plan 
was simple, there were _— objections to it which 
prevented its being used. The construction of shaking 
tables has also been materially improved by MM. Huet 
and Geyler, who have endeavoured to make the ma- 
chine as steady and simple as possible, and to render 
+he various means of regulation perfectly independent of 
each other. 

Their shaking table is constructed of metal, and, to 
ensure steadiness, all the attachments are kept as near 
the ground as possible. ‘I'he table proper is formed of 
iron plate, and is suspended at the head ‘by links de- 
pending from brackets fixed to the main frame, and at 
the foot by similar links attached to racks, which can 
be raised or lowered by means of pinions gearing into 
them, this arrangement giving the power of altering 
the inclination of the table. The shaking motion is 
given to the table by means of a cam fixed upon a 
shaft placed across the upper end of the machine, the 
cam acting upon a pallet adjustable, by means of nuts, 
upon a bar attached to the head of the table. The 
other extremity of this bar is attached to the upper 
end of a rocking lever, which has its lower end con- 
nected to a spring in such a manner that the pull of 
the spring is opposed to the thrust of the cam. The 
tension of the spring can be varied at pleasure, and so 
can the speed of the cam-shaft, so that all the move- 
ments are under complete control. The shock of the 
table is received by buffers, each consisting of a cast- 
iron box, in which can be placed either wood or iron, 
or any other material which may be found to give a 
good result. 

In arranging the working of a shaking table there 
are several things to be considered ; such, for instance, 
as the length, which should be greater the finer the 
materials to be treated, and the inclination, which will 
also depend upon the size of the grains. The tension 
of the spring which draws the table towards the 
buffers should also be greater the finer the materials to 
be treated, and the number of oscillations should vary, 
inversely as the size of the grains, from 25 to 100 per 
minute. The space through which the table is moved 
from its position of repose, or its stroke, is proportional 
to the coarseness of the material to be treated, and 
always varies inversely as the tension of the spring ; 
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it varies from about 10in. to 4in., and is sometimes 
even less, 

In order to augment, artificially, the length of fixed 
tables, an English engineer, Mr. Brunton, designed, 
some years ago, an endless table, and the idea was 
afterwards taken up by the workers of minerals in 
Germany, and applied by them to the shaking table. 
An improved form of endless shaking table, designed 
by MM. Huet and Geyler, is shown by Fig. 6 
It consists of a frame of sheet iron, carrying at 
each end a drum, around which the endless cloth 
forming the table is passed. A third roller or 
drum is also placed under the frame, near the middle 
of its length, and over it the lower fold of the 
cloth is passed, the bearings of the roller being fitted 
with adjusting screws, by means of which the roller 
can be lifted and the cloth tightened at pleasure. The 
upper end of the wrought-iron frame is slung by links 
jointed to itand to the frames carrying the working gear, 
whilst the lower end is supported by the same arrange- 
ment as is employed. in the other shaking tables 
last described. The shaking motion is given to the 
table by means of a cam fixed upon the shaft, R, the 
cam acting upon a wiper placed in the centre of the 
top bar of the iron frame first mentioned. The motion 
is transmitted to the machine by means of the large 
pulley, P, fixed upon the shaft of the upper drum, a 
pinion on the same shaft driving the pinion, P’, placed 
on the cam-shaft, R. The cam-shaft also carries 
another small pinion, P’', which gives motion to the 
distributor, 8. As in the other shaking table, the frame 
carrying the table proper is drawn back into its place, 
after being moved by the cam, by means of an adjustable 
spring acting through a lever and rod, N; and the 
shock of the table is received by buffers, V, fixed one 
on the right and one on the left hand side of the frame. 
The machine is fitted with two water tuyeres or jets, 
one being arranged so as to wash away the impurities 
from the particles which are taken up to the head of 
the table, and the other placed so as to wash off the 
richer matters from the cloth into the trough which 
conducts them to their reservoir. 

The action of the apparatus is very simple. The 
distributor, after having rejected the impurities by the 
spout, Z, delivers, by means of another spout, the 
matters to be treated in a sufficiently moistened state 
on to the table near the middle of its length. By reason 
of its inclination, the lighter particles are washed 
by the liquid to the foot of the table, whilst the 
heavier grains are carried by the ascending cloth to 
the head of the frame, where they are passed under a 
_ which purifies them still more, driving any worth- 
ess matters, which may have been dragged up with 
them, down again under the delivering-spout, and 
thence to the bottom of the table. This class of ma- 
chine cannot by employed advantageously for treating 
a double mixture, such as a mixture of lead and blende, 
for example ; it is generally designed to operate upon 
poor and fine sands, which its continuous action enables 
it to treat more economically than the shaking table 
acting intermittently. 

After the sands have been treated on the concave 
rotary and the shaking tables, there results a mixture 
composed of grains more or less coarse, each of which 
consists of a portion of mineral with useless matter 
adhering to it. On account of their small size, 
these particles have passed through the crushing- 
rolls, and the only way of separating their useful from 
their useless part is to reduce them to powder. For 
this purpose the stamping-mill is the only machine avail- 
able, and it should therefore have a place between the 
shaking and the rotary convex tables. 


We have already mentioned that “ distributors” 
are employed in connexion with some of the above 
machines, and these auxiliaries we will now pro- 
ceed to describe. It is their duty to supply the 
materials to the machines properly mixed with water 
and in regular quantities, and to retain the lumps 
of argillaceous matter which are insufficiently mois- 
tened, and the particles which are too large. A form 
of distributor which has been designed to serve these 
ends is shown by Fig. 7. It consists of a hopper, A, 
which leads the materials into the rotary drum, B, 
fixed on a horizontal shaft. ‘The drum, B, has placed 
inside it a number of points, which break up the 
lumps of argillaceous matter and mix them thoroughly 
with the water; and it is provided with the screen- 

late, C, which is perforated with holes about %in. in 

iameter, and which serves to retain the particles, 
which are too coarse or which are imperfectly mois- 
tened. After passing the screen, the matters are 
raised by the arms, D, and: caused to pass through . 
the cylinder, E, which .is perforated with holes sin. 
in diatheter, ‘Those particles which are sufliciently.. 
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fine pass through the holes into the conduit, G, 
which leads them to the machine which the distributor 
is employed to feed, whilst the coarser matters pass 
on and are thrown into the conduit, F. The distri- 


attendants. 

remedied. 
To reduce the necessity for employing hand labour 

for transferring the materials from one machiue to 


This is an inconvenience that should be 


butor is supplied with material by a boy or a girl who | another, MM. Huet and Geyler have devised an 


places the matters in the hopper, and the 


ity with | effective system of elevators, which they describe in 


which the machine is fed depends therefore upon the ' their paper, but our space will not permit us to re- 
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peat the description here, nor to give illustrations of 
the apparatus. In concluding this notice of that por- 
tion of MM. Huet and Geyler’s paper which relates 
to the treatment of metalliferous sands and similar 
matters, we may state that the whole of their cont 
abounds with valuable information, and that it 
well repay attentive perusal. 
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BLOWING ENGINES AT THE CARNFORTH HEMATITE 





WE give above, and on page 60, engravings showing a general 
side elevation and half plan, together with enlarged sections of 
the blowing cylinders, of the fine blowing engines recently 
erected at the works of the Carnforth Hematite Iron Com- 

ny, at Carnforth, by Messrs. Rothwell and Co., the well- 
nave engineers of Bolton. They consist of a pair of engines 
laced in a single engine-house, but each engine is entirely in- 
Seeanient of the in, each having its own crank-shaft, fly- 
wheel, &c. The steam cylinders are 46 in. in diameter and 10ft. 





cylinders 100 in. in diameter with the 
same stroke, the cylinders being placed at equal distances of 


stroke, and the blowin 


16 ft. 1} in. on each side of the main centres. The distances be- 
tween the main centre and the centres to which the piston-rods 
of the steam and blowing cylinders are attached are each 16 ft. 
6 in., and midway between the main centre of each engine and 
that to which the rod of the blowing cylinder is connected 
there is coupled to the beam the cold-water pump rod. 

The air-pump rod is connected to the parallel motion of the 
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steam piston-rod in the usual way, so that it has a stroke equal 
to half that of the piston, or 5 ft. The feed-pump rod is coupled 
to the beam between the air-pump rod and the main centre, at 
a point distant 5 ft. 1} in. from the latter. The beams are made 
of wrought-iron plates and angle irons, and are about 5 ft. — 
at the main centre, by 1 ft. 4 in. wide on the flanges. Beyon 

the point of attachment of the steam piston-rod, the beain of 
each engine is curved upwards, as shown in the side elevation, 
so that the centre to which the connecting-rod is attached is 
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4 ft. 9 in, above the centre line of the main part of the beam, 
and 5ft. 9in. outside the 7 to which the piston-rod is 
coupled. The distance between the main centre and a perpen- 
dicular drawn from the point of attachment of the connecting- 
rod to the centre line of the beam is thus 22 ft. 3 in. The 
connecting-rods are of wood, strengthened by iron straps; their 
length is 33 ft. 11ys in. between end centres, and their size at 
the centre 1 ft. 8 in. by 1 ft. 1 in. They are each coupled to an 
overhung cast-iron crank, 6 ft. 10y% in. long between centres, 
placed upon a short crank-shaft carrying a fly-wheel 25 ft. in 
diameter. The centre of each crank-shaft is situated 12 ft. 3 in. 
outside the centre of the steam cylinder, or is distant 28 ft. 9in. 
horizontally from the main centre, and the crank is therefore not 
horizontal at half stroke, but nearly parallel to a line drawn from 
the main centre to the point on the beam to which the connect- 
ing-rod is attached. The engines are placed in the engine-house 
at a distance apart of 14 ft. from centre to centre, the total 
width of the house inside being 29 ft. 

The piston rods of the blowing cylinders are of steel, and are 
6} in. in diameter, whilst the pistons are of cast iron with pack- 
ing arranged as shown in the enlarged sections. The thickness 
of the pistons in the centre and at the edges over the packing 
rings is about 1 ft., and as the stroke is 10 ft., and the length o 
the blowing cylinders inside 12 ft.,, there is thus 12in. available 
for clearance, the greater proportion of this amount being required 
at the bottom of the cotanen, where the stops for the lower inlet 
valves project above the bottom level. The arrangement of the 
pair*ot blowing cylinders is clearly shown in the enlarged sec- 
tion and plan, from which it will be seen that they both dis- 
charge the air into a wrought-iron case, 7 ft. by 3ft. 7}in., 
placed between them. From this casing a bell-mouthed pipe 
6 ft. by 3 ft. where it joins the case, and enlarging to 4 ft. 6 in. 
in diameter, conducts the blast to the pipe leading to the fur- 
naces. The arrangement of the valves of the blowing cylinders 
is also clearly shown in the enlarged sections, For the top of 
the cylinders both the inlet and outlet valves are hung nearly 
vertically, the former being contained in three cast-iron cases 
with perforated sides placed on each cylinder cover, and the 
latter being situated near the end of the passage leading from 
the top of each cylinder to the wrought-iron casing above men- 
tioned. The outlet valves for the bottom of the cylinders are 
similarly placed to those for the top, but the inlet valves are 
placed horizontally, the gratings on which they bear being fixed 
to the bottom cylinder covers or base plates. The base plate of 
each blowing cylinder is held down in its place by four bolts 
which pass down through the stonework of the foundation 
and ave secured by washers and cotters below, as shown in 
the side elevation. Each base plate has a manhole 13} in. in 
diameter, formed in the centre, access being obtained to it 
through a suitable opening left in the stonework. 

The upper platform of the engines, which is reached by a neat 
spiral staircase from the engine-room floor, is formed by longi- 
tudinal and transverse girders extending from one wall of the 
engine-room to another, that below the main centres being 
of great strength, and being supported by cast-iron columns 
placed beneath it, In the above notice of the Carnforth engines, 
we have confined ourselves to a general description of them; we 
hope, however, to give next week further particulars, together 
with details of their working. Our engravings were prepared 
from tracings kindly furnished by Messrs. Rothwell and Co. 


KRUP?P’S CASIT-STEEL GUNS. 
To tHe Epitor or ENGINEERING. 

Sm,—I have noticed with regret your remarks upon my cast- 
steel guns, in your article on “ Heavy Ordnance” in the paper 
of 13th instant, calculated as they are todo me much injury and 
a as well as being au insult to the many Governments 
who have favoured me with their orders, and endeavouring to 
bring into disrepute a metal that will be soon more extensively 
recognised as specially adapted to the purpose you are pleased 
to condemn. I think, before making the remarks, you ought 
to have really ascertained 
were correct, and not jumped, through 
yerbaps interested scandal, to the conclusion tbat in 

ussia cast iron is preferred to my cast steel. I am 
always willing to give information if requested, and if it 
had been trope that cast steel had failed, no power or persuasion 
of mine could have upheld it, and I should have had no reluc- 
tance in admitting that steel asa material for ordnance had 
sailed. But'the reverse is the fact, and as proof I have now in 
hand orders for over 1500 guns, ranging from 4 pounders up to 
11 in., besides having now supplied to various Governments guns 
to the value of over 1,500,000 Nearly the whole of the Prus- 
sian ordnance is from my works, and the splendid victory of 
the Prussian army at Koniggratz is chiefly attributed to the 
effect of these guns, 

In Russia, altogether, three of my guns have burst, but not 
one of them before firing 50 rounds, These were only experi- 
mental guns for determining the ultimate system to be adopted, 
and were expected to burst. In uo case had the cause of burst- 
ing te do with the quality of the steel, but only with the system 
of rifling. On the contrary, the experiences thus made have 
given to the Russian Government the greatest satisfaction, 
waving led to the system now ready to be adopted for the ser- 
vice, which will be 9-inch breech-loading guns of cast steel. 
Out of 300 8-inch rifled breech-loading guns which I have 
supplied to this Government for real service not one has burst 
up to the present, and all have been submitted to trial, and are 
as perfect as when they left my works. One gun bas been fired to 
nearly 1000 rounds. 9-inch guns have not been as yet supplied 
by me for service, and only two for experiments, 

I have now also supplied to Sir W. G. Armstrong a good 
number of tubes for those guns, among them some for heavy 
ordnance, 

I cannot but presume that you have been utterly misled by 
your informant, and would not wish to insert into your paper 
other than the truth; at the sametime, such remarks as yours 
ought only to be made upon absolutely correct reports. 

I am, Sir, yours obediently, 
Per pro Frisp, Krupp, 
ALFRED Lonaspon. 
11, New Broad-street, E.C., July 21, 1866. 








that your “ private” reports 
untruthful and 





PORTABLE ENGINES. 


Tose of our readers who are interested in portable 
engines will recollect the manner in which, a few weeks 
ago, our proposals for their improvement were met by 
a contemporary journal. The subject is one of some 
importance, — we have not considered it, as our 
contemporary has;done, sufficiently important to form 
the subjedt ‘of “repeated “leading ” articles: How far 
we have disposed'ofthe objections which were raised 
to our proposals, we leave those who have’ followed the 
disdussion to-judg¢.. The construction, proportions, 
and working- engines cannot, of course, be de- 
termined by mere-arithmetic, however much assistance 
may be afforded, incidentally, by correct calculations. 
Bufwhen we find a public writer who, from natural 
inability or Heedlessness, cannot even go correctly 
through the ordinary ealculations of steam power, ex- 
pansion, conswmption of feed-water, &e., which are 
supposed to, fet part of the elementary knowledge of 
every , weare almost tempted to conclude 
that he can hayé'no influence for good or harm, and 
that it is a‘waste of time and space to argue further 
with him. But we are ina manner bound, by our: own | 
position, to recognise the influence of the press; and 
although we well know all that is behind the editorial 
impersonality, on the other side, it would be hardly 
less than an affront to our readers to dismiss, the 
subject by saying, what is perfectly true, that our con- 
temporary is under juvenile and irresponsible e- 
ment, and that upon every subject involving exact 
knowledge, ordinary calculation, and mechanical dis- 
crimination it is certain to stumble and break down. 
So we went patiently into the discussion, and thus 
drew out, in two leading articles, the whole strength of 
the oppositign, and such a. display of self-eontradiction, 
wandering, irrelevant. comparison, and. arithmetical 
blundering we-have seldom seen, and we believe we 
may also answer, to ‘this extent,.on the part of our 


readers. 

We are all of us liable to error, but, poor as is this 
excuse for its habitual repetition, none have a right to 
thus excuse themselves unless they are ready, on the 
instant the error is pointed out, to admit it, and unless 
they take reasonable care to avoid it in future. 

fter we had taken pains to show the self-confusion 
and arithmetical infirmity of the second leading article 
to which we have referred, we were certainly surprised 
at the deeper floundering and tremendous effort at 
extrication embodied in the remarks which we have 
thought it only just to transfer to another page, so 
that we may not be even suspected of dealing unfairly 
with their context or spirit while analysing, as we 
shall now do, each statement in detail. 

It appears that, independently of our own remarks of 
the same date, a Birkenhead correspondent wrote to 
our contemporary on the 13th instant, pointing out the 

oss errors which its second leading article contained. 

n his own letter this correspondent committed an 
obvious mistake as to the average pressure during ex- 
pansion. Sinking this error, however, his observations 
were much to the same purpose as our own of the same 
date. In replying to pag our contemporary admits 
that its “calculations do require correction ;” it had 
“ somewhat loosely used” the term indicated. for total 
horse power ; “ an error does occur” in the calculation 
of the weight of steam.as water; the weight.of a cubic 
foot of steam was: “ hastily taken” from a table of 
“ faulty arrangement,” “‘ our own figures are rendered 
“ erroneous by the turming of a 6 upside down,” &c. 
Creditable, althingh humilhating, as it is to thus make 
so Many confessions when one finds oneself in the 
wrong, our contemporary. proceeds to set, up a new 
and an improbable defence of all these errors, adefence 
which, even: were it and sufficient, would, bat 
am@unt to an abandonment of the whole ground taken in 
the leading articles of which it is the appendix, | 
The first of these articles referred to portable, ¢ 1 
in which 150 lb. pressure was “ carried” for “15 ft 
indicated,” and a Jittle lower down, to. a “lo horse |! 
boiler (indicated),”, &e, The second article, clearly } 
following up the first, stated that a 6% in. cylinder, 
9 in. stroke, running at 300 revolutions per minute 
and “carrying” 120 Ib. steam, expanded ninefold, 
might be supposed to work up to “143 horse power 
indicated.” With 120 lb. in the boiler, the iitial 
pressure upon the piston was to be 100 lb., the mean 
pressure with expansion would be 354 1b. (instead of, 
correctly, 26.1 Ib.), and the theoretical quantity of 
steam used per hour would be 625 cubic feet, weigh- 
ing 164} 1b. This “improved engine” was first 
compared with “an ordinary six or eight horse 
portable engine,” although when its lightness and 
economy been afterwards calculated, incorrectly 





however, in was then, in a moment of editiorial forget- 
fulness, ‘compared with “ ordinary nominal four-horse 
portables,” which had of course nothing to do with the 
comparison. In the mean time the heating surface 
had been carefully estimated as “little enough in all 
conscience to supply steam for 144 horse power,” and 
the estimate of weight was that of the“ lightest 
possible engine which is'likély'to work, with economy, 


“ to 144 Horse pdwer,’"&c/ It was also compared with 
steam ‘fire’ cg 80 et," 0 yk 30 ee 
wer, Furtherot, the pressure .} in the 
ight engine was.¢haracteriged as “‘ Highly dangerous ;” 
and to’'show that’ indicated’ horse power was 
intended thoroughottt, comparisons were made with 
the consumption ‘of ‘steam in engines experimented 
upon by Mr. Ishi and of which the power, as 
given by him, thatindicated by the indicator. 

Another case, "400," was instanced, that of ©“ an 
“ ordinary, well-coni ed portable engine, carrying 
“but 60 1b, steam,” ahd having an $$ in. cylinder, 12 in. 
stroke, and runiing, at, 190 revolutions. per minute. 
Here the full boiler préssure of 60 Ib. ‘was taken, with- 
out any allowance, as the initial pressure upon the 

iston, where with the lighter engine 20Ib. loss had 

een allowed. Cutting off at one- third, the water used 

er hour, as steam, would, it was stated, weigh 
3055 Ib., and the engine would work to 16.8 horse- 
power,. This would require a mean pressure of 42 lb., 
the consumption of steam per hour being 1833 cubic 
feet. 

No engineer, reading the two articles by themselves, 
could for one moment doubt the sense in which the 
terms “boiler pressure carried” and “ horse-power” 
—even were not the latter three times defined as 
“indicated” horse-power—were employed. “ Pres- 
gute’ and “boiler pressure” are always understood to 
be’ the: jute above® the atmosphere, unless “ ¢otal 

ressure’—cofresponding to the “tension absolue de 
fh ur” of the French engineers—be expressly 
stated. The very use of the word “ carried,” or “ car- 
rying,” which is a colloquial term among engineers, 
and not one adopted in science, shows that no other 
than the pressure above the atmosphere was ever 
contemplated. Even in condensing engines, the boiler 
pressure is always rated as so much above the atmo- 
sphere ; and in the old atmospheric engines, which, by 
merely condensing the steam admitted to the cylinder, 
were driven by the pressure of the air alone, it was in- 
variably the usage to speak of the steam pressure as 
so eed only above or below the atmosphere, and we 
have seen boilers working below atmospheric pressure. 
As for the term “indicated” horse-power, it means, as 
probably every reader of this journal well knows, the 
power shown by the indicator, when referred to the 
speed of the engine; and we need not add that the 
indicator never po the “total” horse-power of the 
steam admitted into the cylinder, but only so much 
of the pressure and consequent power of the steam as 
is effective—not upon the crank axle, but upon the 
piston. 

Apart from the obvious and even necessary interpre- 
tation of the terms employed, no competent engineer, 
taking the trouble to examine the statements we have 

uoted, could fail to perceive the gross, if not unpar- 
donable, arithmetical blunders they contained. These 
once pointed out, as we pointed them out, no one 
would suppose that any person of ordinary prudence 
and truthfulness would dare to attempt to explain them 
away in the manner of the article we have elsewhere 
copied into our pages.. We are now told that the 
“pressure,” the “boiler pressure,” &c., “carried,” 
meant, from the first, the ofa? pressure as measured 
from a perfect vacuum, and that the horse-power, three 
times ed as-“indicated,” and three or four times 


more loyed ina sense or in comparisons which 
a ily implied indicated power, really meant a 
power w hh the indicator never measures, and cannot 


e are told that it meant the 


le ier aly that may be, although 
TA! ite ; 
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eo understand the sense in which the term is 
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Now, we must accept explanations of this kind, if 
we accept them at all, quite upon the reasonable pro- 
babilities of the case. If we find the explanations— 
forced as they may have been upon their author—con- 
sistent and admissible, no gentleman could for one 
moment afterwards refuse to accept them ; and, speak- 
ing for ourselves, we should yiolate the common 
instincts of our nature if we should for one moment 
pursue or attempt to twist such explanations with 
any ungenerous or unworthy purpose. 

But we are met. by a series of improbabilities 
2a to any such explanations as have been offered. 
at the calculations are wrong in themselves ‘is not 
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only apparent, but their author freely admits the fact. 
That he should have repeatedly employed the terms 
‘boiler pressure” and “pressure carried” for ‘otal 
pressure, and “ indicated power”. and “horse power” 
for otal horse power, is at least improbable, for reasons 
which we have already given, ps a fortiori because 
they are opposed to the whole context and spirit of 
the articles in which they appeared. That, having first 
deducted the atmospheric pressure, the author should 
still speak of the remaining pressure of 85 Ib. as 
“highly dangerous,” and as attended with “ difficulty 
“in keeping the valves and pistons, and even the boiler, 
“tight,” is also improbable. That he should now urge 
that the atmospheric pressure is to be understood in 
the use of the term “ back pressure” is extremely im- 
probable, because, although there is a justification for 
this inclusion, it never is included in the term “ back 
pressure,” as applied to non-condensing engines, 
except, as in Professor Rankine’s writings when the 
purpose of including it is expressly declared, and 
clearly kept in view. The reason why atmospheric 
pressure is not included in the term “back pressure” 
1s, that, taking the standard of atmospheric pressure 
always adopted in scientific calculations, viz. 14.7 lb. 
per square inch, it is a known quantity, and may be at 
once allowed for; while the indicator can never of 
itself, as applied to steam engines, show what the 
atmospheric pressure really is. Ordinary “back pres- 
sure,” as the term is understood and employed by 
engineers, refers to a very variable resistance, which 
only the indicator can indicate, and which is entirely 
beyond exact scientific predetermination. 

ut these improbabilities, grave as they are, are 
hardly as conclusive against our contemporary as those 
which follow. Not only had he employed the term 
‘* pressure” in its ordinary and obvious sense as pres- 
sure above the atmosphere, but he had, in ‘one~ case, 
correctly calculated the weight of water, as steam, 
used per hour, with a pressure of 100 lb. per square 
inch above the atmosphere. This calculation of 1644 Ib. 
is now declared to be incorrect, and the true weight 
is given as 1354 lb., whereas the latter quantity, as we 
shall presently show, is wrong, no matter what tables 
of the weight of steam may be referred to. Again, in 
the case of steam of 60 lb. pressure, of which the 
weight of 1833 cubic feet had been calculated as 
2954 Ib., it is now stated that this referred to steam of a 
total pressure of 60 lb., and that, by the turning of a 
6 upside down, the weight did not appear, as intended, 
as 2654 lb. But this weight, thus corrected, is also 
wrong, especially if it be taken out from any table 
which would give nearly (for none would give exactly) 
1354 lb. in the former case. Again, as to the turning 
of a 6 upside down, the figures in the second article of 
our contemporary stood thus “295.5 lb.” Now figures 
never turn over, of themselves, in manuscript. Ac- 
counts, we know; and possibly scientific calculations 
are sometimes “cooked,” and very likely, under such 
an ordeal, a figure or a whole row of figurés may jump 
head over heels, if we may be permitted the use of 
such a metaphor. We presume that the impression 
intended to be conveyed was that a figure 6 was turned 
upside down by the printer. But here the printer 
would say that all common founts of type—excluding 
only old English, and fancy founts, like “ Clarendon,” 
&c.—have always what is called a “ beard” on one side, 
and that an inverted 6, in the figures just quoted, 
would have stood thus: 295.5lb. It will be seen that 
the inverted 6 ranges below the others, and this is a 
typographical error which a “proof-reader,” and 
especially an author, on his trial for arithmetical 
blundering, would have instantly seen. We here give 
a row of figures, each one a 6, but every alternate one 
turned upside down,—and we can answer that the type 
upon which our contemporary is printed is identical in 
this respect with our own: 696969696. These, it is 
to be remembered, are all figures of the same sort. We 
will now give a row of 6’s and 9’s—696969696 ; and 
we think the difference will be at once seen. 

In the second leading article the mean pressures 
and horse-powers were wrong, supposing them to apply 
to steam of the given pressures above the atmosphere. 
One of the weights of steam 29541b., was in any case 
wrong. But in the attempted correction of the leading 
article in question, the weights given of the steam are 
wrong in both cases, notwithstanding that the editor 
was on his trial for former errors, and was avowedly 
engaged in the unwilling task of self-correction. The 
weights of 1833 cubic feet of steam of a total pressure 
of 601b., and of 625 cubic feet of steam of a total 
pressure of 100 lb., are given respectively as 2654 Ib. 
and 135 lb. 

There are various tables of the pressure and density 
of steam, the older ones framed from the experiments 





of Arago and Dulong, from which the density is cal- 
culated following the law of Gay Lussae. These are 
the tables found in the “ pocket-books’—Weale’s, 
Haswell’s, Nystrom’s, &c. ‘The relative volume cor- 
responding to the two pressures above named is 470 
yo 295, giving for the respective quantities of steam 
3°9 and 2°119 cubic feet of water, weighing at the 
estimate of 624 lb. per cubic foot—which is only slightly 
in excess of the true weight—243?Ib. and 132 |b. 
7 oz. These weights are, as we have said, slightly in 
excess, from taking the cubic foot of water as 624 Ib. ; 
but they do not even then amount to 2654 lb. and 
1854 lb., as now laid down by our contemporary. Reg- 
nault’s later researches give a higher density for steam ; 
and Mr. D. K. Clark, in his article on the Steam- 
Engine, in the Encyclopedia Britannica, has given the 
results in English units for each pound of total pressure. 
These show the weights of dry saturated steam to be 
for 60 Ib. total pressure 0.1425 lb. per cubic foot, and 
for 100 lb. steam 0.2307 lb. per cubic foot, giving 
weights respectively, in, the case under consideration, 
of 261.2 lb, and 144]b, 302. The weights given by 
Messrs. Fairbairn and Tate’s experiments would be 
267 lb. and 145.6375 lb. Professor Rankine gives the 
weights of steam of various pressures per square foot, 
but he does not give the weights corresponding to 
8640 Ib. and 14,400 lb. respectively per square foot, 
which would be pressures of 601b. and 100 1b. per 
square inch. Nor from any table or formula known 
to engineers can the weight of 1833 cubic feet of steam 
of 60 1b. total pressure be taken out as 2654 1b., and 
that of 625 cubic feet of steam of 100 Ib. total pressure 
as 13531b. However near one of these weights may 
be to the result by Arago and Dulong’s table, and 
however near the other to that by Regnault’s, neither 
is correct by itself, and the two weights are inconsistent 
with any one table. 

It really takes a good deal of close reference and 
considerable pains to follow up such ingenious shifting 
as we have now seen, but it is but right to go carefully 
through it and to expose it. 

In any case, were the whole string of self-corrections 
genuine, instead of being, as all must have by this time 
clearly perceived, shallow pretences, the real points in 
controversy would be quite lost sight of. We may yet 
reprint the whole discussion, in a connected form, for 
the convenience of a large number of those who have 
privately written to us expressing so much interest in it ; 
and it will be then seen that the question in dispute has 
been, from the first, the merits of a 6 inch single-cylinder 
engine, working, not under a boiler pressure of 85 lb., 
and expanding ninefold, or to considerably below the 
atmosphere, but under a boiler pressure of 150 1b., and 
expanding six or eight fold. ‘This was the engine we 
proposed (June 8th), this was the proposition attacked 
by our contemporary, and it is this proposition alone 
which, in the interests of mechanical improvement, we 
have taken pains to defend. Since we first advanced 
it, we have seen, more fully than before, how far the 
practice of many well-known firms of portable-engine 
makers is tending in the same direction, and, for the 
mechanical reasons we have before pointed out, we 
look to the early and permanent success of a really 
improved class of portable engines. 








EXPRESS LOCOMOTIVES. 

Tue final triumph, this week, of the bill for 
the new line to Brighton, which has now passed 
the. Lords, after a struggle nearly as sharp as 
that by which it went through the Commons, 
re to new designs for fast passenger locomotives. 

(ir. Hawkshaw, a few weeks ago, made some remarks, 
at a meeting of the Institution of Civil Engineers, upon 
the strength of permanent way, which meant, we think, 
that heavy iron will be laid down upon the line under 
notice, of which he is the engineer-iu-chief.. We shall 
not be surprised to find when‘the line is laid that steel 
rails of 84 lb. to the yard are put down, equal to iron 
of at least 100 lb., and that all the details of the way 
are planned for very heavy engines and high speed. 
With six miles more distance than by the present 
line, and with long stretches both ways, of gradients 
of 1 in 120, the engines will require to be of great 
power for fast and heavy traffic. The weight requi- 
site for adhesion will be (say) 25 tons, and we need 
hardly say that coupled wheels will be indispensable 
to carry this load safely, the additional weight upon 
the leading wheels being probably 10 tons more, making 
35 tons in all. For fast work, the cylinders will re- 
quire to be 17 in. or 18 in. in diameter, and for a 2 ft. 
stroke, while the driving wheels would require to be 
7 ft. in diameter. These general dimensions would be 
best attained with outside cylipders, thus far seldom 
seen on the present Brighton and South-Eastern lines. 





Beyond these general features of arrangement and the 
sizes, the design need not, perhaps, differ greatly from 
that of engines now running. It will, we presume, be 
attempted to make the through journey without an 
intermediate stop, and this will probably require not 
far from 1800 ain of water, corresponding to about 
40 1b. of coke or coal per mile. The details of such a 
class of engines will present many points for careful 
design. 








«os oyNOTES ON. BOILERS. 


Tue stéam' chests of marine boilers panty corrode most 
rapidly when the funnel passes through them. 

When safety-valves are applied to force pumps, the weights 
should always be hung to the lever by an indi 
elastic connexion. 

With the fires banked up and safety-valves closed, the boilers 
of. the steam-vessel Salamander were once kept under steam for 
several weeks, whilst that vessel was lying on the north coast of 
Spain, and in all this time no additional incrustation took place 
in the boilers, 

Marine boilers are likely to prime in going from salt water into 
fresh water, and vice versa. 

The feed-water casing around the chimney was applied by 
Mr, Watt in nearly all the steamboat engines constructed by 
him after the burning of the Prince Regent on the 2nd of July 
1817. 

A cylindrical boiler, 4 ft..in diameter, with an internal flue, 
has been made with welded joints throughout, not one rivet 
being used. The plates were of ,’;in. iron, and the boiler was 
tested without leakage to.a pressure of 150 1b, per square inch. 

In 1803, Mr, Woolf patented a water-tube boiler, having eight 
horizontal tubes, which was extensively used in Cornwall, 

The “numbers” by.which the Giffard injectors are known 
express the least diameter in millimetres of the receiving 
nozzles. 

* The furrowing of boiler plates, so frequently observed in 
English locomotives, is unknown in American engines, ‘The ve 
thin iron used in the boilers of the latter possibly explains this 
circumstance. 

Mr. Dewrance found that the square heads of stay bolts, when 
projecting 2} in, into locomotive fireboxes, burned off to 13 in., 
at which projection they remained. 

Mr. Thomas, foreman of the boiler-makers at Portsmouth 
Dockyard, has stated that the boilers made by Government 
generally last about seven years, and those supplied by con- 
tractors about tive years. 

Water-tube boilers were made as early as 1836, by Mr, Spiller, 
and applied by him to the London and Westminster Company's 
boats. 

Careful observations have shown that the temperature in the 
smokeboxes of tubular marine boilers is greater at the base of 
the chimney than opposite the ends of the tubes. With a tem- 
perature of 650 deg. opposite the tube ends, there are often 
1000 deg. in the upper part of the up-take. 

Mr. John Rhodes, of the Huddersfield Boiler Association, 
found that the comparative resistance to collapse of an illiptical 
and a circular tube may be found as follows :—Twice the square 
of the greater semi-diameter of un elliptic tube divided by the 
lesser semi-diameter equals the diameter of a circular tube of 
equal strength, both tubes being of the same length, and same 
thickness and quality of iron. 

A boiler has been supposed to be stronger when hooped at 
intervals with iron bands, than when the same additional quan- 
tity of iron was distributed uniformly in the thickuess of the 

lates. 
: In the case of a fatal boiler explosion which occurred at 
Toronto, Canada, in 1857, the coroner's uy stated in their 
verdict, that the introduction of spirits of wine, oatmeal, and 
sal ammoniac into the boiler, for the purpose of removing the 
scale, had caused the water to foam, thereby deceiving the 
firemen as to the true water-level, and thus leading to the ex- 
plosion. 

Mr. John V. Gooch employed safety-valves on the engines of 
the London and South-Western-Railway, of but 1,% in. diameter, 
the valve being kept down by a spring pressing directly upon it. 
Mr, John Haswell, of the Austrian State Railways, once em- 
ployed safety-vales 12 in. in diameter, confined by stout volute 
sprin 

ihetanpes are on record where cold water has been injected 
into empty steam boilers, heated red hot, without producing ex- 

losion. 

4 Observations made upon twenty-six coke-burning engines, 
upon the London and South-Western Railway, showed that the 
duration of a set of brass tubes of No. 13 gauge was from 
65,000 to 127,000 miles, averaging 94,518 miles. 

Mr. D. K. Clark has found that in locomotive boilers which, 
just-after having been blown off, evaporated 84 1b. of water per 
pound of coal, the apparent evaporation was increased to 94 lb. 
of water by allowing the boiler to become dirty, In the latter 
condition, there was more priming, and a considerable quantity 
af water must have been carried over bodily, without having 
been converted into steam. 

In a locomotive boiler made about sixteen years ago by Mr. 
Hackworth, the longitudinal joints were welded instead of being 
rivetted. 

The “split bridge” for the admission of air at the back of 
steam boiler furnaces was invented by Josiah Parkes, in 1820. 

The motion of locomotive engines upon the rails is believed to 
assist materially in liberating the steam generated in the lower 
parts of the boiler, and thus in maintaining a proper circulation 
of water. 

American locomotive boilers are made of iron plates seldom 
more than din.thick. The boilers are of the usual size, and 
the pressure of steam is from 110 1b. to 160 lb. per square inch. 

pon the engines of the Orleans Railway of France, the glass 
water-gauges are enclosed in a brass shield having only a long 
slot next the firebox, upon the side of which is a mirror to re- 
flect the level of the water. ‘This is to prevent the injury of the 
men by the breaking of gauge-glasses. 


-rubber or other 


se et oa - t 


<< 


ee ER REE ME Le ene 






ee a 


ce Oe a Pete nee Bt a er Se ee See 


The hes RE I I eT 


ENGINEERING. 


[Jury 27, 1866. 








Uy YY 
Ys}, 

jj 

UW 

Uh, 


rTBk s. 
bot ~ = 


(For Description, see Page 57.) 





J 


5 0 


—————— 


BLOWING ENGINES AT THE CARNFORTH HEMATITE IRON CO.’S WORKS. 








Imports aT New York.—The imports of manufactured 
goods at New York were nearly three times greater in the finan- 
cial year ending with June last, than in the previous year of 
1864-65. The total value of woollen, cotton, silk, linen, and 
miscellaneous fabrics imported was 27,433,000/., against 
9,970,0002 in the year ending June 30th, 1865, and 16,646 ,000/. 
in 1864. More lately the imports have somewhat declined. 


BREECH-LOADERS. — It is expected that 200,000 Enfield 
rifles will have been converted into breech-loaders, upon the 
Snider principle, by the first of April next. The total cost is es- 
moral pn 140,0002., equal to 14s. each. In the Royal Labo- 
ratory, at Woolwich, additional plant has been put down, 
including several tools from Messrs. Smith, Beacock, and 
Tannett, of Leeds, for hastening the production of cartridges. 


Lanp At Kitpury.—The Midland Railway Company, in a 
compensation case tried on Monday, have been ordered to pay 
13,4002. for ten acres of land and “ severence,” at Kilburn. 

Capratn Key, R.N.—This officer who is so widely known from 
the gunnery experiments on board the Excellent, has resigned in 
consequence of the appointment of a junior officer to superintend 
the fitting of gun carriages on board her Majesty’s ships. 
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THE ATLANTIC TELEGRAPH. 


THERE is every probability, while we write, that by 
the earliest time these lines are seen by our readers 
telegraphic communication will have been established, 
permanently, let us hope, between this country and 
America. After so many grievous disappointments, 
the successful issue of the present undertaking will 
form, perhaps, the greatest of all the many. triumphs of 
modern science. We shall not dilate here upon the 
political, social, and commercial results likely to follow 
the establishment of almost instantaneous communica- 
tion under the Atlantic, but we may point out that the 
final success of this one cable will practically secure 
the extension of deep-sea telegraphs to all distant parts 
of the world. It will, we believe, be finally ascertained 
that submarine lines are cheaper of maintenance than 
land lines through unsettled countries, and we antici- 
pate that cables will, within a very few years, be laid 
across the Atlantic to St. Thomas and Brazil, and 
across the Pacific from Panama to Australia, and from 
San Francisco to the best points for the purpose upon 
the Asiatic coast. All these and many other lines are 
even now required, and we believe that the fact, hence- 
forth, we trust, to be more and more clearly established, 
that submarine cables may be laid and worked in the 
deepest seas, will secure a great network of lines under 
all the seas of the globe. 

Whether we have or have not yet reached the limit 
of telegraphic improvement, it is certain that we have 
made great strides since 1857. The present Atlantic 
cable has one hundred times better insulation than that 
of the first cable, the practical result of this bemg that 
we can now signal with very much less battery power. 
Professor Thomson’s reflecting galvanometer, too, 
enables messages to be distinctly read off where the 
same “receiving” (as distinct from the “ sending”) 
power upon the former cable and instruments would 
have recorded no message whatever. Indeed, with 
the additional resistance of 600 miles of the conduc- 
tor, signals were transmitted and received on board 
the Great Eastern while nearly a foot of the cable 
had been laid open, and the copper conductor scrubbed 
with sand-paper and immersed in the sea outside the 
ship. Such a result a few years ago would have been 
considered absolutely impossible. Within the last few 
years the electrical resistance of cables has been so 
accurately determined, too, that the position of a fault 
may be almost precisely pointed out, even on a long 
route. During every day for a year the cable of 1865 
has been teste electrically for the final and fatal fault, 
and every test has indicated the same distance of. 
1213 miles from Valentia. The whole of that length, 
althougn at present lost, is in perfect order, and we 
have much reason to hope that before the last of 
August the broken end of this length may be recovered, 
a splice made, and a second complete cable laid to 
Newfoundland. We have this year a confirmation of 
what was proved last year, that the insulation of the 
cable improves as it falls in very deep water, where 
the temperature is equable, and the pressure upon the 
insulating coating from two tons to three tons per 
square inch. With improvements, too, in the signal- 
ling and receiving instruments, and by the adoption 
of a code of word signals, in place of the repeated 
waves required for each letter of the alphabet by the 
old dot and dash system of Morse, it is expected that 
sixteen words—or more than an average message— 
may be sent per minute. It is some compensation for 
the pecuniary loss, and for the far more weighty losses 
to the public and to science, that the mishaps with 





each of the former cables have pointed out the way to 
the present improvements which have almost reduced 
deep-cable laying to a certainty. The fact of the pre- 
sent cable having been made, and its laying attempted 
at all, affords one of the brightest instances of engi- 
neering perseverance, as well as of the increasing 
confidence of the public in the resources of engineering 
and telegraphic science. 

Still, although a run of nearly 1700 knots has been 
accomplished without an accident or hitch, we cannot 
altogether allow that the laying of all future cables 
across such a length of deep water should follow the 
exact mode which, in this case, has at last resulted in 
success. 

The system may be considered a tentative neck-or- 
nothing system. At every instant all the cable success- 
fully paid out is endangered by the slightest hitch that 
may occur on board the paying-out ship. Thus, last 
year, after 1200 miles had been successfully payed out, 
the whole was lost in a moment, and another separate 
and distinct trial commencing again from the very 
beginning had to be entered upon this year, which, if it 
had failed by the slightest accident yesterday, might 
have had to be all repeated a third time without the 
slightest benefit resulting from the two previous failures, 
beyond the experience of some fresh contingent risk. 

The whole policy is founded on a kind of doctrine 
of chances. If the trial is made often enough, one of 
some number of trials must prove successful ; but, as far 
as we can see, there is very nearly as much chance of 
the third trial being successful, according to the pre- 
sent plan, as the ¢hirtieth ; for although each expedition 
adds a little experience as to some contingent danger, 
and how it may be guarded against, it still leaves the 
success of all the cable laid dependent on the success- 
ful laying of that which is yet to be laid. 

Last year the presence of a little bit of wire wrecked 
the whole operation when more than two-thirds com- 
“org The presence of this iron was variously attri- 

uted to malice, carelessness, and to an inherent defect 
in the cable itself, which, from the brittleness of the 
steel wires, actually wounded itself. We know of no 
particular precautions taken this year to prevent the 
recurrence of this last-supposed cause. The cable was 
practically the same pattern as last year, and we 
must suppose, therefore, the carelessness or malice 
to have on this time guarded against; but to those 
acquainted with the paying-out of cables there yet re- 
mains a host of risks which as yet are very nearly as 
great as they ever were. Thus, the heavy rolling of 
the ship would inevitably throw the top “ plates” (or 
layers) of cable into an entanglement. This risk was 
even more likely to have occurred with the present 
cable, as the untarred Manilla hemp would slip out 
of place more easily than the tarred cable of last. year. 
Such an entanglement means the instant and certain 
breakage of the cable. The inattention of a man in 
the hold may also at any time risk the fouling or en- 
tanglement of the cable, though this risk has, from 
using circular coils with a core or centering, become 
reduced to avery small amount. If we add to this 
the dangers of electrical faults from mechanical injury 
during shipment, &c., the ordinary risks of accident 
which the brakes must run as mere revolving ma- 
chinery kept going for fifteen days, the risk in 
changing from the tore to the main hold, and the or- 
dinary risks to the Great Eastern and her machinery, 
we must admit that the cable runs sufficient chance of 
failure at any moment to render any plan which will 
ensure the safety of that part laid, up to any accident, 
deserving of consideration. 

We believe that buoys properly moored by mush- 
room anchors, and ciated to the cable by an inter- 
mediate chain, at every 150 or 200 miles, with proper 
arrangement for allowing sufficient slack to enable the 
cable to reach the surface without bringing a catena- 
rian strain on it, to be the proper mode of laying 
future cables. Such a system was advocated last 
year in the columns of the Times. It would at 
once diminish the risk of laying an Atlantic cable to 
an almost nominal venture, and would, we maintain, 
render that operation more like that of other engi- 
neering works in which the guiding principle is cer- 
tainly safety for what has been accomplished. 
raising the Conway tubes, the crosshead of one of the 
presses was found to be giving way. Had the 
crosshead failed, the tube which was hanging to it 
would have fallen the full height it had been raised. 
The error of not providing for the safety of the work 
as fast as accomplished was then perceived. The 
operations were suspended, and the recesses in the 
pier built in up to the tube, and (carried up as the 
latter was raised, a process which was pe tthe 
adopted in a still more complete way in the Bri- 


tannia tube when a pier actually did fail—an 
accident which only resulted, however, in the tube 
falling through the space, that its weight could com- 
press some 2 ft. or 3 ft. of planks. 

We recommend this example in bridge-engineering 
to the promoters of future Atlantic cables. Make the 
cable laid safe as fast as laid. We feel sure it is to be 
done, although we do not doubt opposition from those 
who have, by dint of two attempts, great skill, ex- 
perience, energy, fine weather, and, we must add, good 
luck, at last succeeded in laying a cable, at one con- 
tinuous operation, across the whole breadth of the 
Atlantic. Although differing in opinion as to the mode 
that should be adopted in future, we desire none the 
less to give great credit to the engineers and elec- 
tricians for their skill and perseverance, and we heartily 
- them all the rewards which their ultimate success 

eserves. 








OUR NATIONAL POSITION. 


Ir cannot be too widely known that the security of 
nations is now more a question of engineering than of 
race, or wealth, or mere military or naval prowess, in 
the personal sense in which “prowess” has been 
heretofore understood. With all our wealth, our com- 
merce, our iron and coal, and with all the brave and 
manly qualities in which, after all, we have seen that 
Americans, and Prussians, and Austrians are, at least, 
not inferior to us, we must clearly perceive that our 
national position depends upon the undoubted supre- 
macy of our navy. This supremacy, however, is now 
doubted, and with reason; and no one could now 
predict, with even tolerable certainty, that we should 
come off masters in a naval conflict with the great 
maritime powers. Naval power depends not alone 
upon the courage and discipline of sailors, but upon 
the relative adjustment of the mechanical conditions of 
attack and defence. Our flag ships on nearly all 
foreign stations are timber built, some of them old 
three-deckers, and none of them capable of resistin 


which even the smaller powers are now strengthening 
their navies. We have a considerable’‘number of iron- 
clads, but of these not one at present, except the Bel- 
lerophon, mounts guns with which we could hope to 
make any impression upon a well-built monitor or turret 
ship; and, on the other hand, the Americans, at least, 
have provided themselves with guns which, for any- 
thing we know, might send our finest broadside iron- 
clads to the bottom. And it is not merely that they 
now have most formidable ordnance, but we know that 
they are providing themselves with still more destruc- 
tive guns. 

It is idle to look complacently upon our own prepara- 
tions, and to indulge in the self-assurance which comes 
merely from a great outlay of money, and from the 
reiteration of ordnance select and naval select com- 
mittees, nor can we rest safely until we certainly know 
that we are, at any rate, not inferior to other nations 
in the means of naval attack and defence. 

Mr. Samuda called the attention of the House of 
Commons, last week, to the relative position of our 
own and foreign iron-clad navies. Our iron-clad fleet, 
built and building, numbered thirty-three ships, carry- 
ing 522 guns protected by armour. France had 
twenty-eight large and fourteen small iron-clad ships, 
or forty-two in all, with 770 guns behind armour; 
and the French were adding industriously to their fleet, 
whereas our present rate of increase was hardly one ship 
a year. France had added ‘thirteen iron-clad ships 
to her fleet. this year, of which ten were most 
formidable vessels, three of them 14 knot ships fight- 
ing each sixteen guns behind 8 in. armour, while seven 
were 12 knot ships fighting each twelve guns behind 
6in. armour. Even Italy had, before the action at 
Lissa, sixteen iron-clads; Spain had her fleet; the Turks 
had four iron-clad frigates, and were building five more 
of — size and speed, and with 8 in. armour, one 
of them from the designs of our own Chief Constructor 
of the Navy; Russia had a considerable and a rapidly 
increasin feet, and the Americans had seventy-five 
monitors built and building. 

Sir John Pakington, the First Lord of the Ad- 
miralty, went further and gave still later returns. 
France had, he said, fifty-eight iron-clads, instead of 
forty-two, built and building ; Italy twenty-five, instead 
of sixteen; Russia thirty, &c.; and the First Naval 
Lord assured the House that he was fully alive 
to the exigencies of our position. It is now 
understood that votes will be taken for mone 

for the construction of four double turret ships of 3500 
tons each, and we consider the Government rea- 





sonably bound to provide, at an early date, for a 





for five minutes the attack of the turret ships, with - 
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further considerable increase. We only fear that 
even in these new ships enough will not be allowed 
for the future development of ordnance. Never had 
the Admiralty more occasion for a broad and extended 
foresight than now, and never were they so much, as 
we believe, justified in taking the best engineering, as 
distinguished from merely nautical, opmion. The 
Admiralty are compelled to look to the War Office for 
their ordnance, a so far the result is discouraging. 
Our so-called six-hundred pounders continue to burst, 
and two of the Woolwich 12$ ton guns, rifled upon 
the plan of the Ordnance Select Committee, are re- 
yorted this week to have burst at proof. Mr. Lynall 
Thomas’s 10 in. gun, weighing, since it was shortened 
and strengthened, nearly 18} tons, is, it is reported 
upon the authority of the Zimes naval correspondence, 
expected to fail in the same manner on its trial with 
60 Ib. of powder and a 400 lb. shot. 

The Americans have not attempted to rifle their 
heavy naval guns intended for service at short range, 
and thus, while we are attempting, as in Lynall 
Thomas’s gun, to confine the deivinis force of the 
powder for a 400 Ib. shot upon 78$ square inches, they 
give 176 square inches for the base of pressure upon 
shot of from 400 lb. to 460 lb. In the plainest words, 
they employ large bores, uninjured by rifling—and all 
rifling weakens the strength of the gun—and they 
fire round shot, while we keep to comparatively small 
bores and long shot. Not only do their large bores 
keep down the pressure of the powder gases per 
square inch, but they afford the opportunity, which our 
small-bore guns do not, for the full expansive action 
of these gases, and it is established as a fact that the 
Americans do obtain an initial velocity, with their 
large shot and one-seventh charges, which we hardly 
attain with small and long shot of the same weight and 
one-fifth charges. Our small-bore system—and we are 
speaking comparatively, rating even 10 in. as small in 
comparison with 15 in. to 20in.—not only causes far 
greater strain upon the gun, but it necessarily greatly 
diminishes the expansive force of the powder gases, as 
we do not, even if we can, increase the length of our 
guns, so as to give the same total internal capacity for 
expansion which’ a shorter, but larger, bore affords. 
Mr. Fraser is making guns, at Woolwich, which, for 
their bore and weight, are holding out very well. ‘Two 
64-pounders have borne each 2000 rounds with 8 |b. of 
powder and 641lb. shot, and, with the exception 
of the usual scoring at the seat of the charge, both are 
still pronounced perfect. We understand that the 
Ordnance Select Committee have therefore pronounced 
the result as conclusive evidence, with that of former 
trials of heavier guns, of the availability of the system. 
As these guns were made at half the ordinary cost of 
wrought-iron guns of the same weight on the estab- 
lished principle, they are prepared to recommend Mr. 
Fraser’s plan to the War Department for general use. 
To ascertain the limit of endurance of both guns and 
the mode of rupture, Col. Campbell, Superintendent of 
the Royal Gun Factories, will, we believe, extend the 
trial with increased charges until each gun hasgiven way. 
Even here, we trust, we have gained something, but 
we shall require guns firing each ten times the weight 
of powder and shot, and it may be certainly pronounced 
that the strongest guns we can make for firing very 
heavy shot will be smooth bores of large diameter— 
even from 16 in. to 20in. It is to the construction of 
such guns that the authorities, we believe, should now 
direct their best attention; for it is such guns only, 
and nothing which we now have to depend upon, that 
could carry us through & great posal war, and thus 
maintain the national position of England. 


Tur Mecuanica, Encineers.—We believe that in 
addition to the excursions arranged for the members 
of the Institution of Mechanical Engineers, during 
the next week’s meeting at Manchester, it will, if pos- 
sible, be arranged that those of the members especially 
interested shall attend the trial of one of Mr. Fairlie’s 
novel locomotives on the St. Helen’s Bank. This loco- 
motive, one being now ready, at the works of the 
makers, Messrs. James Cross and Co.; of St. Helen’s, 
for trial, is really one of the most remarkable and 
promising novelties in the neighbourhood of Man- 
chester. 

Intsh Rareways.—A bill was read for the second time in 
the House of Commons, on Monday evening, authorising the 
Government to advance 500,000/, at the rate of 4 per cent. per 
annum, for three months, to certain Irish railways. The loan 
may be extended to twelve months, but not longer. We pre- 
sume that the London, Chatham, and Dover, or any other 
English company in need, can — as strong claims to Govern- 
mental assistance. The precedent once established, as it is now 
likely to be, it will not be allowed to fall into forgetfulness by 
needy compan ies all over the kingdom. 





WASTE GAS FROM BLAST FURNACES. 


Tue advantages attendant. upon the utilisation of 
the waste gases from blast furnaces is now very gene- 
rally acknowledged, it being found that not only is the 
fuel for the steam boilers and the hot-blast stoves saved, 
but that the cost of repairing these accessories is re- 
duced when they are heated by waste gas, and that 
they are maintained at a more even temperature. There 
is also a considerable saving effected in wages, and the 
working of the furnaces themselves is improved, there 
being greater regularity as to the quality of the iron 
made. 

For taking off the waste gas, two plans have been 
adopted, the one being the “ close-topped” and the other 
the “open-topped” system. In the ordinary close- 
topped furnaces the throat is partly arched over and sur- 
mounted by a species of cast-iron hopper, the central 
opening of which is closed by an inverted cone of cast 
iron. “The charge is placed in the hopper around the 
cone, and the latter, being slung by chains, can be 
lowered at pleasure so as to admit the charge into 
the furnace. The gas is taken off by a passage lead- 
ing from the arched part of the throat. Several ob- 
jections have been raised to the “close-topped ” ar- 
rangement, and amongst them that it prevents the 
warming and drying of the newly-supplied materials 
until they have descended some distance into the fur- 
nace. It has also been urged that there is less chance 
of detecting irregularities in the feeding in the close- 
topped than in the open-topped system, and that in the 
former the pressure of the blast causes more dust to 
be carried into the gas pipes than finds its way there 
when the open top is Aa 

In the open-topped furnaces the gas is sometimes 
taken off by side openings and sometimes by a central 
tube carried down for some distance below the mouth, 
this latter plan having been used, amongst other places, 
at Barrow and at the Grosmont Iron Works. At the 
latter place the arrangement consists of a wrought-iron 
tube, 5 ft. in diameter, extending about 5 ft. down the 
throat of the furnace, and lined and cased with fire- 
brick 6 in. thick. The tube is supported by a dome 
built in the throat of the furnace, and carried by six 
buttresses springing from the sides, the spaces between 
these buttresses being available for charging. The 
opening in the centre of the dome admits the gas into 
the tube, from which it is led off to the boilers, hot- 
blast stoves, &c., by a wrought-iron gas-main. The 
necessary exhaustion for drawing off the gas is in this 
case obtained by a chimney-stack 180 ft. high, but in 
some instances, where the gas has been taken from 
open-topped furnaces, the draught of a chimney has 
been assisted by flues. 

The plan of drawing off the waste gas by means of a 
side opening just below the mouth was applied to an 
open-topped furnace at Wasseralfingen, in Wurtemburg, 
as long ago as December, 1832, and since that date 
many modifications have been brought into use. 
Amongst others, there is that introduced by Mr. 
George Addenbrooke, and applied by him to his furnaces 
at the Rough Hay Iron Works, Darlaston. This plan, 
which has been found to answer well, consists in re- 
placing the fire-brick lining of the throat of the 
furnace, for a certain depth, by a set of castings 
having openings formed in them, through which 
the gases are drawn off into an annular flue formed 
around the head of the furnace. The fact of the gas 
passages being formed of cast iron enables the open- 
ings to be made so wide that the necessary area can be 
obtained for the free passage of the gas without the 
depth of the opening being more than 15 in.; and they 
therefore need not be placed more than 5 ft. below the 
top of the throat, as that depth will give a sufficient 
quantity of fuel above them. The passages are inclined 
upwards, so as to prevent, as much as possible, dust 
being carried over with the gas, and their openings 
into the annular flue are considerably above the floor 
of the latter, so that a sort of pocket is formed, in 
which any particles which are carried over may settle, 
provision being made for their removal. In the 
case of the Rough Hay furnaces, there are fifteen 
gas openings round the neck, each 234 in. wide 
by 114 in. high, their area being thus 270 square inches 
each, or 4050 square inches altogether. The annular 
flue is 4ft. 3in. high to the crown of the arched top, 
and 3 ft. wide, and the descending gas main is 4 ft. 
6in. in diameter. At the junction of the gas main 
with the branch leading from the annular flue a gas 
valve is introduced, this consisting of a disc valve 
which can be lowered so as to rest upon the top of the 
descending gas main and close it. This valve is closed, 
if by chance the materials in the furnace sink below 
the gas openings, and it is also used to regulate the 
amount of gas drawn off, so that in regular working some 





proportion of the gas shall always be burnt at the 
mouth of the furnace.. The exhaustion is obtained by 
means of a chimney 160 ft. high, and 10 ft. in diameter 
inside throughout ; the main flues leading to it are 4 ft. 
6 in. wide, and 5ft. high to the crown of the, arch. 
In the furnace first fitted on. the above plan in 1864, 
the plates in which the gas openings were formed were 
only 2 in. thick, but, notwithstanding this, they lasted 
upwards of twelve months. The castings now applied 
are 12 in. thick, and as they are flush with the inside of 
the furnace, it is expected that they will last many years. 








TUYERES FOR BLAST. FURNACES. 


THERE are at the present time two distinct kinds of 
water tuyeres in general use in blast furnaces, the cast- 
iron or Scotch and the wrought-iron or Staffordshire 
tuyeres. The first-mentioned tuyeres are composed of 
a coil of wrought-iron pipe imbedded in the sides of 
conical tubular casting, and the latter are forged solid 
out of boiler-plate, the form being that of a truncated 
cone with hollow sides, through which the water cir- 
culates. In each elass of tuyere the blast is led into 
them through a wrought-iron nozzle which enters the 
central tube. These tuyeres are open to the objection 
of being liable to “iron,” as it is called, or, in other 
words, to have the projecting end surrounded and the 
nozzles choked by an accumulation of mixed iron and 
cinder. This “ironing” sometimes takes place after 
they have been at work a few days only, and frequently 
gives rise to considerable trouble, the changing of a 
tuyere that has become ironed being in many cases an 
operation involving much labour, on account of the 
quantity of hard-set material which impedes its removal. 

To remedy this inconvenience, Mr. N. Neal Solly, 
of Willenhall, some time ago, made a number of ex- 
periments on the use of gun-metal combined with iron, 
and gun-metal alone, as a material for tuyeres, and at 
length determined on a form of gun-metal tuyere, 
which he described in a paper read at the meeting of 
the Institution of Mochenieal Engineers, held in 
November last. This tuyere is made entirely of gun- 
metal, and is of the same form as the ordinary wrought- 
iron tuyere, except that Mr. Solly prefers to make the 
inside tube parallel for a length of about 4 in. from the 
nozzle. The ends of the tuyere are } in. thick and the 
sides $in. thick, that part of the inside tube which is 
parallel being cast thicker, so that it can be bored out 
truly cylindrical. The wrought-iron blast nozzle is 
inserted in the tuyere in the usual way. 

In working gun-metal tuyeres it is important that 
they should be kept as aa as possible, as the metal 
melts at a lower temperature than iron. ‘The inlet 
and outlet water pipes in Mr. Solly’s tuyere are 1 in. 
bore, and instead of being both merely inserted in the 
large end as in the ordinary evought-iron tuyeres, 
the supply pipe is carried forward inside the tuyere 
to within 41m. or 5 in. of the nose, so that the fresh 
cold water is delivered directly at the point where it is 
most required. The first gun-metal tuyere set to work 
at Mr. Solly’s furnaces at Willenhall, in January, 1865, 
was shown by him at the reading of his paper, after it 
had been at work nine months. Mr. Solly has found 
that the gun-metal tuyeres do not “iron,” and that 
they only require to be changed when the sides work 
hot from the accumulation of sediment in the interior. 
In some cases they have remained at work three 
months without removal; and when they require chang- 
ing, the operation can readily be performed in a quarter 
of an hour, as there is no accumulation around the nozzle. 

As the size of the aperture of the gun-metal tuyere 
does not become reduced by the accumulation of iron 
in the interior, the blast enters the furnace freely ; and 
at the Parkfield Furnaces, near Wolverhampton, and 
some other places where these tuyeres have been applied, 
the size of the nozzle pipes has been reduced in conse- 
quence. The cost of the gun-metal tuyeres is from 5/. 
to 7/. each, or about two and a half or three times that 
of the wrought-iron tuyeres; but the former are not 
only much more durable than the latter, but they can 
re — they have to replaced, be recast with a very 
slight loss. 








BELGIAN AND Frencu Inon.—The trade in manufactured 
on is quiet in Belgium, and the Dutch Government's require- 
ments of 2500 tons rails and accessories were taken there at a 
low rate, which leads to the belief that 4000 tons now wanted 
by the Northern of France Railway will be tendered for in 
Belgian make under the price of Welsh. The demand for 
French manufactured iron is good, and the Loire ironmasters 
declared an advance on the list of 1 franc per 100 kilogr. on bars 
and hoops. A new and very complete tariff of extras on sheets 
and plates has om been issued by the Associated French Works. 
When next called upon to deal with the wages question, it is to 
be hoped that the Staffordshire Ironmasters’ Association will 
revise the present antiquated scale, which causes the loss of so 
many orders to their district and the country in general.— Messrs, 
W. Bird and Co.'s Circular. 
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EAST INDIA ACCOUNTS. 


* Prace and public works,” such was the avowed 
policy of our new Indian Minister in his financial 
statement to the House.of Commons on Friday evening 
last, and we have evergdhope, as we have also every 
expectation, that this hort but pithy policy will be 
fully carried out. Itegamnet, be denied that under the 
direction of Lordi tbiaistaxe ete progress has been 
made in the welfaps, aiid. prosperity of India, and in 
the extension’of her, publig,agorks ; but the present 
offers peculiar facilities and. tunities for the new 
Secretary of State. to; signally-dagtinguish himself by 
carrying into. effect those pe the more fully 
developing of; the. resources, of India by means of a 
rapid extension of those:publigswerks which are most 
essential to the material andwmeral progress of the 
empire, viz., works of irrigations»s 

Lord Cranborne,, im his.speech,. stated that the ex- 
penditure for public works, ;which was constantly 
rising, was, in’ 1$64-65,,.5,131,000/.; in 1865-66 it 
was 5,352,000, showing ame inexease of 221,000/., or 
including stores from England of,356,000/. ; whilst in 
the current year, 1866-67, thaj-expenditure is esti- 
mated at 6,394,730/., or 1,042,307, in excess of last 
year, and more'than one-eighthwf ‘the entire estimated 
revenue. Speaking of this large expenditure, Lord 
Cranborne remarked, “This is in reality an enormous 
“reserve. It js,mot strietlyjour, duty to spend cur- 
“rent revenue; pon public works. No haiounen 
“ would think it necessary todayout, say, one-seventh 
“part of his income upon theimprovement of his 
“estate; if he were making permanent improvements, 
“he would think it a fair thing: to borrow money for 
“that purpose... Now the Indian Government does 
“not borrow; it spends out of its current revenue; 
“ but then it is only fair to eredit the Indian revenue 
“in the same proportion, and; in balancing its expen- 
“ diture against its revenue, to remember that instead 
“ of a deficit, or a miserably small surplus, it has really 
“a large surplus, which it isyiémvesting in the best 
** possible manner for the benefit of the people.” Now 
the whole of the above sum. .of 6,394,000/. cannot 
fairly be called capital expenditure, since it includes 
all sums spent’ on maintenamce+and repairs, which 
should, of course, be charged:against revenue. After 
deducting such sums,however, it. would appear that 
there will remain no less than ,000,000/. representing 
capital expenditure, and to provide the whole of which 
the soul of India must of: mecessity be taxed. 
Granting, however, that taxation is the only proper 
means by which to raise funds:fori:the construction of 
what may properly be styled.fimperial works,” such 
as military buildings, main lines of‘road, public build- 
ings, and the like, whieh give mo‘direct return for the 
money expended. on them, a similar course cannot 
with so much propriety be adopted in raising funds for 
the construction of what may: be; called remunerative 
works, or such asdo yield a direct return, the principal 
of which are tanks, irrigation and navigation canals, 
improvements of river navigation, ‘railways, including 
also tramways aldng existing limes.of road, and branch 
roads leading to railways, these last being justly in- 
cluded amongst remunerative works, Rees 4 as they 
tend directly to the increase of returns from the rail- 
ways, by facilitating the conveyance of produce to 
their several stations: 

Now these remunerative works, tending as they do 
so materially to general. prosperity of the country, 
cannot be fairly said’to have a aim to be constructed 
out of revenue; setting aside the total inadequacy 
of such means for carrying them out in a manner or 
to an extent at allin keeping with the requirements 
of the country, it is manifestly unjust that the pre- 
sent generation should be taxed for the construction 
of a set of public works from which their posterity 
will reap the chief advantages. As a proof that such 
is at present the case, we may quote the following 
words by Mr. Laing :—* Since 1861-62 there had been 
‘a large outlay upon publi¢e works, and a large out- 
“Jay for guaranteed interest ‘on railway capital, 
“which was as yet unproduetive, because the lines 
* being as yet unfinished no return could be expected. 
“The outlay in these directions had certainly not 
been less than 2,000,000/. or 3,000,000/. a year— 
“an expenditure which in any other state in Europe, 
“or in the accounts of any private company, would 
“have been carried to the capital account, and not 
“charged upon the revenue.” With the exception 
of the railways in India and the Ganges and Baree 
Doab Canals, all public works, reproductive or other- 
wise, have hitherto been constructed out of sur- 
plus revenue’; but the time seems now to have arrived 
when their further extension must be carried out by 





means of loans, and the principle of a loan has, in- 
deed, been accepted by Lord Halifax and’ some other 
authorities. . 

The great success of the Indian railways, notwith- 
standing the vast cost at which they have been con- 
structed, is very gratifying, and shows how, with better 
management and greater attention to economy, they 
might even now have most of them been entirely indepen- 
dent of Government guarantee. Last year, says Lord 
Cranborne, the Government had to spend as guaran- 
teed interest on- railway capital over a million of 
money; this year they have only one in that way 
533,330/. A very large portion of their outlay is now 
repaid to Government from the earnings of the rail- 
ways, and there are few things more gratifying than 
the extreme rapidity with which they are repaying this 
outlay. 

With regard to the net returns from public works, 
it appears that in 1864-65 the proceeds were 588,000/., 
but that in 1865-66 they feodgeod 1,016,0002., show- 
ing a gain of 428,000/.; but this excess was owing to 
the sale of lands in Bombay, and is not attributable to 
any sudden increase of receipts from the general public 
works of the country, as they show a decrease for the 
year of 37,000/. One item of revenue, closely con- 
nected with public works, may confideutly be expected 
to produce increasing returns in future years; we refer 
to forests, which at present appear to be managed 
most extravagantly. The forest revenue is of recent 
institution, and great things were expected from it. 
Hopes were entertained, not only of a great consump- 
tion of wood as fuel on the railways, but also that the 
forests would furnish an important article of export. 
The forest revenue amounts to 414,000/., and it costs 
300,000/. in collecting. These results are not satis- 
factory, and we fear that there may be much truth in 
the words of Lord W. Hay, when he said that hitherto 
there had been no system whatever in the management 
of these forests; that, for the most part, they were en- 
trusted to doctors having a knowledge of botany, or 
military men skilled in sporting; but that no attempt 
was made to introduce a real system of forest manage- 
ment. Under these circumstances, it would, doubr- 
less, as suggested by Lord W. Hay, be the greatest 
possible benefit to India if persons properly educated 
in forest management were sent to India and placed in 
charge of these forests, instead of their being left in 
the hands of amateurs. 

Mr. D. Seymour approved the expenditure for public 
works, but he was informed that the department was 
in a most disorganised condition. Whether or not 
such be the case we will not now venture to give any 
decided opinion; but in defence of our brethren in the 
profession, we must state that the system under which 
public works are carried out in India is not the best cal- 
culated to ensure efficierfey of control. The vast extent 
of country over which each executive charge extends, 
the small amount annually granted for expenditure 
within that range, and the vexatious system of check 
and counter-check, which often obliges an engineer to 
the performance of duties more suited for an office 
clerk, are circumstances which would lead one rather 
to blame the system than the department. Until the 
numerical strength of the Public Works Department 
in India is very considerably increased, and an impulse 
given to the extension of public works by means of 
loans, we do not see that the inefficiency of the depart- 
ment can well be remedied. That it is inefficient we 
think must be admitted, but it is inefficient only in 
point of strength, and it would clearly be unadvisable 
to increase the staff to any considerable extent, unless 
further means can be obtained for the more extensive 
carrying out of public works ; and this, it appears to us, 
can only be efficiently done by raising loans for the 
purpose. 

If India can increase the enormous means of produc- 
tion at her command, and draw forth the inexhaustible 
elements of wealth which lie in the richness of her soil, 
and in the teeming millions of her population, the pre- 
sent period of peace and apparent stagnation may be 
turned to the best possible use it can be put to. It is 
impossible to say how long the opportunity for carry- 
ing out such a policy may last. Thidia is situated in a 
region of storms which may burst out when least ex- 
pected, and, although at the present moment we can 
discern no cloud in the horizon, it is impossible to say 
at what distance of time a period of danger may arise. 
Lord Cranborne, in conclusion, justly states, “ we are 
“therefore called upon to make the best use of our 
* present opportunities, and to push to the utmost the 
“ material and moral progress of the population under 
“our control. In doing so we shall know that we are 
“ placing our Indian empire upon a basis that cannot 
. be overturned.” 





THE PORT OF CARWAR. 


Carwar, or Cadavand, in the district of North 
Canara, in the Bombay Presidency, was for many years 
one of the principal factories of the East India 
Company on the west coast of India. As long ago as 
the year 1663 the East India Company had a large 
stone-built factory there, situated on the south side 
of the Cauly Nuddee (or Black River), and about three 
miles from its mouth, where its ruins may still be seen. 
The company’s ships found secure anchorage in Carwar 
Bay, and were oceasionally careened in the cove, now 
called Beiteul Cove. The petty Rajah of Soonda 
frequently levied contributions from the Carwar factory, 
the Portuguese also incessantly intrigued against the 
English, and at last it was determined to dissolve the 
establishment, which was carried into effect in 1679. 
The factory was re-established in 1682; and in 1690 
three ships took in pepper at Carwar, without pro- 
ceeding to Surat, al were thus the first to open a 
direct trade between Carwar and England. In 1720 
the factory was attacked by the Rajah of Soonda, and 
the English were obliged to abandon the place. In 
1750 a further attempt was made to reopen trade there, 
but in 1752 the Portuguese appeared before the port 
with a fleet, and took possession of the native fort. In 
September of that year the Bombay Government re- 
called their agent, and thus ended the last attempt to 
form an English factory at Carwar, or, as it has since 
been sometimes called, Sedashevagur. 

In December, 1855, Lieutenant Taylor, of the 
Indian Navy, submitted proposals for the formation 
of a harbour of refuge at Beitculeove, and it was 
farther proposed to erect a lighthouse on the Oyster 
Rocks, which lie from two to three miles off the en- 
trance to the bay. In 1857 the Manchester Cotton 
Supply Association urged upon the Court of Directors 
of the East India Company the convenience that 
would arise from the formation of a harbour at Car- 
war, with roads leading into the interior towards the 
great cotton districts of Dharwar, since it was under- 
stood to afford the finest shipping port between Bom- 
bay and Ceylon, and to open conveniently into the 
cotton-growing districts of Belgaum and Dharwar. In 
1858, Mr. W. Parkes, C.E., who had gone out to India 
with reference to the Kurrachee Harbour Improvement 
works, visited Carwar, and thus reported on its capa- 
bilities: “The bay is at present partially protected 
“from the monsoon during the time of its greatest 
“violence in the months of May and June, when the di- 
rection of the wind is nearly south-west ; but it is ex- 
“ posed to the west and north-west. It might be shel- 
“tered from these quarters by the construction of 
“breakwaters of altogether about a mile and a half in 
“length, and a perfectly quiet harbour thus formed of 
“ upwards of four square miles in area, with a depth 
“varying from 14 to 32 feet at low water, and thus 
“capable of accommodating at all times of tide the 
“largest description of merchant ships and all but the 
“largest of the Royal or Indian Navy. ‘The bottom 
“is remarkably even, and consists of a stiff mud. The 
“facilities for the formation of these works, should 
“they ever be contemplated, are very great, Carwar 
“ Head consisting of granite of the very best quality. 
“ As a harbour of refuge, or naval station, Sedashegar, 
“thus protected, would be quite equal to the fine har- 
“hours now in course of construction at Dover, Port- 
“land, Holyhead, and Alderney, and, I think, at a less 
“ expense, ——— with the accommodation afforded, 
“than any of these.” 

In 1860, the construction of a road into the interior, 
vid the Kyga Ghdét, was commenced, and provision 
was made in the Public Works Budget for 1861-62 
for the erection of a landing-stage at the harbour. The 
delay which occurred in opening out this road led to 
the commencement, in the following year, of an alter- 
native route across the Arbyle Ghat. In April, 1862, 
the Kyga Ghat road had been completed to a width of 
12 ft., and on the 14th of the same month the Arbyle 
Ghat road was opened for traffic to the village of 
Kouay, within half a mile of Beitcul. Owing to the 
extraordinary delay which appears to have characterised 
all the proceedings of the Government officers in con- 
nexion with this scheme, the Manchester Cotton Com- 
pany, who had made arrangements for the establishment 
of an agency at Carwar, were, in 1862, obliged them- 
selves to construct a pier, which was one of the works 
Government had undertaken to make as far back as 
1860. It was afterwards purchased from them by the 
Government, 

On the transfer of North Canara from the Presidency 
of Madras to that of Bombay, on 1st February, 1862, 
the works at Carwar appear to have been carried out 
with increased vigour; and although the occasional 
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scarcity of labour retarded their progress, and the oc 
currence of cholera on the coast, and fever on the 
ghauts, still further tended to reduce the numbers of 
workpeople, every exertion appears to have been made 
to improve the port and to complete the communica- 
tions between it and the cotton districts of the interior. 
These roads are now in tolerably good order for light- 
wheeled traffic during the fair season. The completion 
of the bridges and metalling of the roads are still in 
progress, which, when completed, will enable them to 
oat any amount of heavy traffic which, owing to the 
increase of the export of cotton from Carwar, is likely 
to be brought over them. 

The principal works already constructed at the new 
port of Carwar, in addition to the necessary roads for 
connecting the several adjoining villages with one 
another and with the fn down the ghats, are a 
wharf inside Carwar Head, a screw-pile pier on the 
north side of the bay, and a lighthouse on the Oyster 
Rocks. A short description of cach of these works 
may not be uninteresting. 

in 1861, Sir William Denison, then governor at 
Madras, visited Carwar, and observing a tendency to 
an accumulation of silt along the beach in the neigh- 
bourhood of the site originally selected for a pier, was 
induced to turn his attention to the shore of Carwar 
Head itself, where there appeared to be but little 
tendency to deposit, where there was a sufficient depth 
of water within a few feet of the shore to float the 
largest vessels ever likely to frequent the harbour, and 
where a wharf could very easily be made, which might 
be gradually extended, as the trade increased, at a 
onal comparative cost. The plan recommended for 
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adoption is shown in the accompanying sketch Fig. 1. 
In 1862 a commencement was made on the wharf wall, 
by building it of solid masonry, and not as suggested 
by Sir W. Denison. By the end of 1863-64, 580 
running feet of sea-wall had been completed, and_in 
April 1865 it had been extended to $45 ft., consisting 
of bain) blocks in coarse masonry, with coping set 
in chunam. 

The landing-place on which the Manchester Cotton 
Company stored their machinery on landing is at the 
north-west corner of the cove; it was formed by 
excavating from the hill-side, and filling in towards the 
cove, the outer face being merely loose stones, of any 
size, thrown down and retained in their places by cocoa- 
nut trees laid horizontally along th» front, they again 
being retained in their places by posts driven at in- 
tervals along their front into the ground. It has a 
fron of 75 ft., and a depth of 100 ft. : 
In August, 1863, a contract was entered into with 
Mr. George Wells for the construction of a screw-pile 

ier at Carwar. Only the iron work was sent out 
rom England, all the wood work being provided on 
the spot. The original design was that the pier should 
be ft. long by 30ft. broad, with a T head at its 
outer end, 90 ft. by 30 ft.; the level of the platform 
was to be 6 ft. above high-water mark, and by the con- 





tract it was stipulated that the entire width of the 
pier should be constructed simultaneously, commencing 
at the shore, and inserting the whole number of piles 
in the breadth, and that the platform should be com- 
pleted, and the bracing and all other parts fixed, whilst 
the next row of piles and set of main braces were 
being fixed in advance. The contract price of the 
vier was 7476/7. 12s. 10d., all the wood work a 
fosniahed by Government. The screw piles are of soli 
wrought iron, 6in. in diameter, and of such a length 
as to enable them to be screwed down, the first ten 
rows not less than 12 ft., and the remainder not less 
than 15 ft. into the ground. The screws are of cast 
iron, 2 ft. in diameter. The braces consist of T iron 
34x 34x, and the wrought-iron tension-rods for the 
outer rows of piles are 2in. in diameter. The piles 
are furnished with cast-iron caps to receive 10 in. 
wooden beams. The pier is furnished with four cranes, 
viz., two of 5 tons and two of 3 tons lifting power. 

In consequence of the ground at the site not having 
been bored before the specification was prepared, the 
piles were found, on arrival, too short to enable the 
we to be constructed as at first designed ; it was there- 
ore altered to suit the materials on the spot, and by 
shortening the pier, and at the same time widening it 
it was found capable of affording nearly an equal 
amount of accommodation as would have been obtained 
had the original plan been carried out, with the excep- 
tion that the pier-head is now in 7} ft. water at low 
tide, instead of 84 ft., which would otherwise have been 
the case. The plan of the pier, as it now exists, will 
be understood by referring to the accompanying 
sketches, Figs. 2 and 3. It extends a distance of 45 ft. 
beyond the most forward extremity of the wharf, and 
has a frontage of 90 ft. The materials all arrived at 
Carwar in June, 1864, and the pier was completed in 
the course of the following November. 

In 1862 a commencement was made on the Oyster 
Rocks by the preparation of a site for the intended 
lighthouse, and by the end of the following year the 
lighthouse column had been raised from the foundation 
to the height of 40 ft., and fitted with a temporary 
light. By 26th March, 1866, the permanent light (a 
dioptric light of the first order, supplied by Messrs. 
Chance Brothers, of Birmingham) had been fixed, and 
it was that day exhibited for the first time. 
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The summit of the Oyster Rock, on which the 
column has been built, is 160 ft. above the level of the 
sea, the column itself is 43 ft. high, and the lantern, 
&c., to the top of the vane, about 30 ft. more, giving a 
total of 233 ft. above the sea. The light itself is about 
16 ft. below the top of the vane, and consequently 
217 ft. above the level of the sea. The foundations of 
the column, 6 ft. wide, are sunk to a depth of 11 ft., 
and built of uncoursed rubble granite masonry, the 
materials for which were quarried from Carwar Head. 
The superstructure consists of coursed rubble granite 
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masonry, roughly dressed and carefully pointed, sur- 
mounted with a masonry cut-stone cornice. The 
dimensions of the column are—height from level of 
foundations to cornice, 40 ft.; height from level of 
foundations, including cutstone cornice, 43 ft.; walls 
5 ft. thick at base, with a batter on the outside of 2 of 
an inch to 1 ft., making them 2 ft. 6 in. at the summit 





Jury 27, 1866.] 


ENGINEERING. 








DEAS’S SWITCH-BOX. 
















A & 
nA 
FIC.6. FE | 
FIG.4. . 4 FIC. 5. 
Voi 
! 
I 
| si 
A i 
} Ito 
' i:° 
{ lhe 
' in 
| | ! 
. : ; 
Wes ' ® J 
' — 
' { | 
= : f = 
ls< - 
' ; | 
1 ‘ 
3 ‘ 
4 * 
4 1s tng 
p 
Vv 


eg 


PLLLL LAA 








below the cornice. The cornice, whose profile is a 
simple ovalo, is 3 ft. high and 19 ft. 4in. in exterior 
diameter. It was prepared in two courses of 18 in. of 
massive granite, each stone averaging over a ton in 
weight, the bed-joints and surface of exterior profile 
being truly chisel-dressed. The interior diameter of 
the column is 9 ft. 10 in. The column is ascended by 
four flights of teakwood steps fixed in the interior, and 
is covered at the top with a masonry dome, in which a 
circular opening has been left for access to the light- 
room, The illustrations on the preceding page show a 
sectional elevation of the lighthouse, and a horizontal 
section through the line A B. 

Such is an account of what has already been done at 
Carwar, with a view to making it available as a port 
for shipment of cotton from the districts of Belgaum 
and Dharwar. It has, however, further been proposed 
to shelter the harbour from the west and north-west, 
by the construction of a breakwater, running out in a 
northerly and north-easterly direction from Carwar 
Head, and to construct a groin at the mouth of the 
Cauly Nuddee, in order to preserve the embouchure of 
the river in a fixed direction; but these and other 
works will most probably be deferred until such time 
as the exigencies of the trade of the port may render 
further accommodation and protection necessary. 
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DEAS’S SWITCH-BOX. 

In the course of our notice of the conversazione of the Insti- 
tution of Civil Engineers held in May last, we mentioned an 
exceedingly simple arrangement of switch-box patented by Mr. 
James Deas, of the North British Railway, which was exhibited 
on that occasion. Of two forms of this switch-box we now 
give illustrations ; Figs. 1 and 4 being a longitudinal and trans- 
verse section of an arrangement in which the lower part of the 
handle and end of the switch rod are protected by a tubular 
casing, and Figs. 2, 3, and 5 being an elevation, plan and trans- 
verse section of a modification in which the lower end of the 
lever is merely placed between jaws. Fig. 6 shows the switch 
handle and balance weight. The object of Mr. Deas’s design has 
been to reduce the number of parts to a minimum, to render 
them less liable to derangement, and to do away with the timber 
frame or foundation required for the switches ordinarily em- 
ployed; and it will be seen that these ends have been attained 
in the arrangements we illustrate. The box consists of a single 
casting, which also forms the bed-plate, and which merely re- 
quires to be sunk in the ballast as shown in the figures, and the 
ballast firmly beaten in round it. The balance weight is cast 
on the handle, and the lower end of the latter is formed 
into an eye into which the end of the switch rod is hooked, 
the use of a pin at the joint being thus avoided. 
In order to connect the parts of the arrangement shown by Figs. 
1 and 4, the handle has to be introduced transversely, and 
hooked on to the switch rod, after which it can be turned into 
its place either way according to the manner in whick the weight 
is desired to act upon the switches. The handle and rod cannot, 
in either of the arrangements, be disconnected whilst the former 
is in its position on the fulcrum pin. Provision is made for 
locking the switches either way ?, means of a pin inserted 
through holes formed in the sides of the casing, and secured b 
a padlock passed through its point. Some of Mr. Deas’s switc 





boxes are fitted with a turnover handle, which weights the 
switches either way at pleasure. This handle, which was 
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designed with a view of reducing the number of pointsmen re- 

uired at large stations, is jointed just above the fulcrum pin, 
the joint between the upper and lower being such that the 
former can be moved over to a certain extent without shifting 
the latter. The arrangement somewhat resem bles the “ tum- 
bling bob” ofja planing machine. Mr. Deas hasalso designed a 
simple switch indicator to be used in connexion with his switch- 
box, the base of the latter also forming the foundation for the 
indicator, which is made of wrought iron. Mr. Deas’s switch- 
boxes have been applied on most of the principal lines in Great 
seg and they wom to be well oo “3 sy as 

ey are com ew and are easi er. 
The weight of a box and act thgetisie is about 2} ewts. 

Tae InreRcotontaL Rattway.—From Quebec the 
Grand Trunk Railway extends nearly 120 miles along 
the south bank of the St. Lawrence to Riviére du 
Loup, or Wolf River, which discharges into the St. 
Lawrence nearly opposite the mouth of the famous 
river Saguenay. From Riviére du Loup to Halifax, 
in Nova Scotia, is some 400 miles, mostly through 
New Brunswick. It is here that the Intercolonial 
Railway, often aw osed and already carefully sur- 
veyed, is at last likely to be made, with the aid of a 
guarantee by her Majesty’s Government of the interest 
upon the 4°000,0001. requisite for its construction. 
We believe that Mr. James Brunlees will be the engi- 
neer in chief of the line, and that Mr. A. Luders 
Light, M. Inst. C.E., will be the resident engineer of 
the work in America, When completed, it will form 
the only outlet within British American territory of 
the whole system of Canadian railways, which now 
reach the Atlantic by the railway to Portland. 
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RECENT PATENTS. 

A tarce number of interesting and important 
specifications have been published this week. It 
should be remembered that it is only from a careful 
and intelligent examination of the specifications them- 
selves that a correct idea can be formed of the inven- 
tions which they describe. The official “ abstracts” 
prepared in the Patent Office, and ween to one or 
two of the mechanical journals, only seldom give even 
a general idea of the inventions which they profess to 
describe, and hence we have thought it better not to 
avail ourselves of these abstracts, not more than one- 
fourth or one-third of which would, even were they 
intelligibly written, be of the least interest to 
engineers. 

G. P. Harding, of the Hydraulic Tube Drawing 
Company’s Works, Macclesfield-street, City-road, 
patents (No. 2351, a.v. 1865) a mode of drawing 
tapered gun barrels, and means also for rifling them. 
The invention consists in the construction of the ex- 
panding die or wordle, which is made in segments, 
which by rocking in the direction of the tube as it is 
drawn through them, close gradually upon the tube, 
and so as to leave no fin. It wilh be understood that, as 
in all tubes drawn by Mr. Harding, at the City-road 
works, the gun barrels are drawn in the cold state by 
hydraulic pressure. Mr. Harding, in conjunction with 
Mr. toad Thomas, is the patentee of the non-recoil 
gun, which embodies a principle opposed to that of all 
other ordnance, inasmuch as it is open from end to end, 
and has no breech unless a short column of air be a 
breech. 

Isaac Beamish, of No. 3, Leadenhall-street, City, 
patents a gravity lubricator, the principle of which is 
essentially the same as that long since adopted by Mr. 
Ramsbottom, upon his engines on the London and 
North Western Railway. (No. 2352, a.p. 1865.) 

John Wakefield, of Birmingham (No. 2355, a.p. 
1865), patents a machine for making rivets, which 
could only be described from adrawing. The improve- 
ments, too, are in the details of construction, and in- 
volve no new principle. 

William Clark, of No. 53, Chancery-lane, patents a 
communication from Boyle and Tagliabue, of New 
York, an ingenious system of electric telegraph instru- 
ments and working, whereby one correspondent may 
telegraph to another without his message being read by, 
or known to, the clerks, either at the sending or the re- 
ceiving instrument. ' (No..2356, a.v. 1865.) It would 
require considerable space to explain this apparatus, 
even to the extent necessary to give a general idea of 
its action. We may, however, state that the sender of 
the message perforates tlie’ sides of a paper cylinder, 
under a machine so constructed that each perforation 
occupies a place necessarily corresponding to a given 
letter, known only to the sender. This paper cylinder 


is then handed to the transmitting clerk, whose appa 


ratus acts upon it only as its perforations pass under 
a fixed key. At the receiving end the arrangements 
are such that the signals produce their proper im- 
pressions in print upon a ribbon of paper, which can 
only be taken from the machine as a sealed roll, to be 
delivered to the person for whom the message is sent. 

A. V. Newton, of 66, Chancery-lane, as the agent of 
G. J. Wardwell, of Vermont, U.S., patents a machine 
for facilitating rock-quarrying. A level bed of rock 
being once formed, the object of the machine is to cut 
long, straight, deep grooves, either vertical or inclined, 
into the rock, so as to enable it the more easily to be 
dislodged in masses of the desired size and shape. A 
portable engine and a travelling machine are mounted 
upon rails, and the engine drives a “ striker” or 
“jumper,” armed with steel teeth, and which strikes 
successive blows upon the roek, along a narrow groove, 
as the machine advances. This groove may be made 
of any length to which the machine can advance, 
and it may be driven to a considerable depth, and a 
series of these grooves, parallel to each other, may be 
crossed by other grooves at right angles to them. The 

atent is for the particular machinery employed. As 
be the general principle of breaking up the rock, it .is 
much the same as that which the Chevalier Maus 
originally proposed, in 1852,,.for working the faces of 
the Mont Cenis tunnel, and it is not wholly unlike, in 

rinciple at least, the mode followed by the Americans 
for cutting ice from their deep frozen ponds. The 
patent is numbered 2363, a.p, 1865. 

Henry Law, of 15, Essex-street, Strand, and whose 
name as an author of engineering papers is so widely 
known, obtained provisional protection (No. 2364) for 
an improved form of caissons for dock entrances. In- 
stead of fitting in vertical grooves, the caisson is to, fit 
against the masonry at the end of the dock entrance. 





The bearing surface is not vertical but sloping, and the 
caisson is to be so balanced in the water that it will 
take its bearing first at the top, and close gradually 
against the bottom afterwards. Hooks formed upon 
the caisson are to engage in recesses in the masonry, 
so as to guide the former properly down into its place 
as it is filled with water. 

J. K. Hoyt, of 31, Cheapside, City (No. 2368), 

atents a dodge ve bobbins for slubbing-frames. The 
bbins, we need hardly say, should hold closely to the 
spindles while they are on, and should pull off easily, 
so Mr. Hoyt fits an india rubber washer within the 
lower end of the bobbin, which is thus to hug the 
spindle. Multifold are the uses of india rubber, and 
it is not certain that, obvious as is this dodge, 20,0002. 
will not be made from it. We really think it a good 
thing of its kind. 

H. A. Bonneville, of 38, Porchester terrace, Bays- 
water, patents (No. 2370) a safety lamp, in which an 
extinguisher is so placed that it must shut down upon 
the wick and thus put out the light before the lamp 
can be opened. 

J. H. Johnson, of 47, Lincoln’s Inn-fields, patents, 
as a communication from R. H. Butcher, of Lowell, 
U.S., a machine for forming bolt-heads from round 
iron. It would require drawings to explain it, but it 
has four horizontal dies for pressing the four sides of 
square-headed bolts, and a vertical die to finish the 
upper surface. (No. 2371.) 

William Esson, of the Cheltenham Gasworks (No. 
2372), patents improvements in wet gas-meters, and 
which are additional to those patented by him in 1858. 
The object is to insure correct indication, to prevent 
fraud by tilting the meter, &c. 

Dr. Francis Carlier, of Paris (No. 2373), patents im- 
provements upon the details of Z’Exrtincteur, the port- 
able fire-engine, invented by Major Vignon. This instru- 
ment, already widely known in this country, consists of 
a stout cylindrical metal vessel partly filled with water, 
and within which an enormous seidlitz powder is dis- 
solved, and the water thus placed under a high pres- 
sure from carbonic acid gas. The water may be let 
off, under this pressure, through a pipe and cock, when 
it is required to throw it upon a fire. 

Mr. Henry, of 84, Fleet-street, patents as a com- 
munication (No. 2375) a system of continuous railway 
brakes, which are put on, each by a weighted lever, 
which is tripped by a chain leading through the train 
to the guard’s van. Practical men will see so many 
objections to weighted levers under fast passenger 
carriages that we need not seriously criticise this 
patent. 

Francesco Daina, C.E., of Bergamo, Italy, patents 
(No. 2376) the old plan of condensing the steam of 
steam engines in a pipe of a height of 30 ft. or 33 ft. 
The water enters, as usual, at. the top, and is to have 
such a velocity as to carry with it (?) all the air 
brought over with the steam. What would be the 
quantity of water required beyond that due to the 
simple condensation of the steam, or what the power 
required to lift it to the proper height, Signor Daina 
does not inform us, although he is evidently confident 
that his condenser would need no air-pump, on which 
point we differ from him. 

G. A. Keene, of the United States (No. 2380), 
patents a paddle-wheel which, it is alleged, would be 
self-feathering, each float entering the water radially 
on the flat, and emerging radially also, but on the edge 
the paddle or float turning 90° around on a radial or 
rather a diametrical spindle while in the water. Each 
of these spindles carries two floats on opposite sides of 
the wheel, and these floats are so placed with reference 
to. each other, that when one coincides with the plane 
of the circular motion of the wheel, the other stands 
transversely across that plane. 

A. V. Newton, of 66, Chancery-lane, patents as a 
communication (No. 2381) from Orazio Lugo, of New 
York, a novelty in ordnance and projectiles. The gun 
has no vent, but is to be fired by a friction tube which 
passes through the length of the shot, and is connected 
toa cord which goes out of the muzzle, and returns on 
the outside of the gun, to where the gunner can reach 
it. A small charge of powder is placed in front of 
the shot, and this is first ignited to first clear the gun 
of air! The main charge behind is made up in a 
cartridge with the shot, and consists of three qualitios 
of powder or gun-cotton, slow, medium, and quick, 
which are successively ignited in their order, the 
quickest last. 

J. C. Broadbent, of Rochdale (No. 2383), patents a 
safety: hoist. The cage surrounds a fixed central 
column, and a pair of eccentric “dogs” or grippers 
are held apart, one on each side of this column, and 
close to it. They are so connected, that, if the chain 





breaks the grippers, instantly engage with the central 
column, and force themselves tightly against it, so as 
to prevent the further descent of the cage. There is 
nothing here that strikes us as new. 

Robert Fox, of Limehouse, patents (No. 2384) a 
mode of supporting metal roofing sheets. The beams, 
rafters, or purlins, upon which the plates are . | 
have each a groove, or shallow mortice, in them, in 
which is placed a staple, at thé proper point, to reeeive 
a small bent hook, rivetted, na alg or otherwise 
secured to the under surface of the plate, which is then 
merely hooked on to the staple. A narrow under 
late, with an opening over the staple, is added, the 
ok on the outer plate passing through this opening. 

John Fletcher, of 42, Betts-street, St. George’s-in- 
the East, has a patent (No. 2385, a.p. 1865) which is 
likely, we should say, to prove of importance in the 
sugar manufacture. It includes five or six separate 
inventions under the same general head. The first is 
for a machine with revolving agitators, something like 
an egg whisk, for assisting in dissolving the sugar, 
which isto be carried on with steam and water as in 
the present blow-up pans. The “blowing up” now 
takes half an jhour*or;so. Next, Mr. Fletcher 
exhausts the air from the lower ends of the filters to 
hasten the process of filteration. He also exhausts the 
air from the vessels used for storing the syrup, so as to 
prevent the fermentation, and consequent formation of 
uncrystallisable sugar, which might'otherwise happen. 
The vacuum pan, instead of being circular in plan, isa 
rectangular case; and instead of a worm within it, the 
steam is admitted into flat. “ slab” heaters, something 
like the sheet flues of Lamb and Summers’s boilers, 
only each slab is closed on all sides, We cannot 
speak @ priori as to the advantage of this mode of 
construction. 1} 

E, A. Cowper’and C.: W. Siemens, of Great George- 
street, Westminster, obtained a provisional protection 
(No. 2391) for an apparatus for separating the dust 
from the hot blast of blast furnaces. The apparatus 
consists of a series of shelves, over which the blast, in 
a divided state, is made to pass, the shelves being but 
from 1 in. to 4in. apart, so that the dust or stive 
would be deposited by gravity, The speed of the 
current of blast to be about.1 ft. per second. 

James Gillespie, of Garnkirk, N. B., patents (No. 
2392) a semi-dry clay brick, machine. It has the 
familiar horizontal revolving moulding-table or “ring 
wheel,” but all the motions-of»pressing and delivering 
are derived from a single rocking-shaft beneath. Mr. 
Gillespie thinks it remarkably.simple, and describes it 
as a great improvement. 

J. H. Johnson, of 47, Limecoln’s-Inn-fields, patents 
(No. 2394) as a communication from H. H. Trenor, of 
New York, several not very promising details of rail- 
way carriage running gear and brakes. The bogies— 
for the invention applies to bogie carriages, or those 
with radiating axles, are.connected by a system of 
horizontal bars throughout the length of the train, and 
which are vertebrated mugh.as in Arnoux’s carriages, 
so long running upon the Paris and Orsay Railway, 
and for which.a patent was taken out.in this country 
twenty years ago. Mr. Trenor, too, prefers to draw 
from the bogie pin instead of from the carriage body. 
This was the plan originally pursued in 1835. and 1834, 
when bogie carriages were first introduced upon the 
Baltimore and Ohio Railway, but it was soon aban- 
doned. The brake is a complicated arrangement, and 


would not be powerful. 

Joseph Edmondson, of Halifax (No. 2395), patents 
improvements in looms. He makes a loose back to 
the shuttle-box, hinged in the same line as the loose 
reed, so that both may yield together, if necessary, 
when the shuttle is partly or wholly in the box. tn 
the case of “ continuous looms,” as they are termed, in 
which, when one cop of weft runs out’ in the shuttle, 
another is made to take ‘its place automatically, Mr. 
Edmondson has schemed a contrivance whereby if the 
cop-case does not at once fall into its right place, it 
drops out of the way and another is brought down into 
the shuttle. 

William Porter, of Lee, Kent, patents (No. 2398) 
side-rollers and a delivering mouth-piece for brick 
machines. ‘The point of the invention appears to lie in 
placing the vertical rollers for campressing the edges 
of the brick at a greater distance apart than the fixed 
edges of the delivering mouth-piece, through which 
the clay is afterwards made to pass, 

John Tye, the well-known millwright, of Lincoln, 
patents (No. 2399) a corn mill in which the bed-stone, 
instead of being fixed, is made to revolve either with 
or against the direction of the runner. Mr. Tye 
alleges that he can thus d faster: We believe he 
must be wrong here, Fast grinding requires fast 
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running, and the American millers run their top stones, 
4 ft. in diameter, at from 200 to even 236 revolutions 
per minute, where we drive at 130 or 140, and there is 
no doubt that they grind from 10 to 15 bushels and 
sometimes more per pair of stones per hour. We have 
notes showing an hourly grist of even 19} bushels. 

J. B: Hulme, of Manchester (No. 2403), patents a 
steam excavating machine for earthwork. The original 
American excavator, the one employed upon the 
Eastern Counties line, was patented here by Duncan, 
in 1842 (No. 9281). Mr. Hulme should see this 
patent, if he has not done so. His own plan is a cutter 
or scraper working in circular sweeps into the earth, 
and a Jacob’s ladder to lift the broken earth, and to 
drop it in a shoot leading to the wagons. 

William Watkin, of St. George’s-road, Southwark 
(No. 2405), patents a smoke-burner, which is identical 
in principle with Mr. D. K. Clark’s steam jets, except 
that Watkin uses a short length of pipe, instead of a 
plain opening in the side of the furnace, wherein to dis- 
charge his jet of steam, and thus to get up an induced 
current of air. 

Chaffer and Thompsons, of Burnley and Padiham, 
patent (No. 2411) apparatus for grinding flagstones 
together with water and sand. The apparatus is much 
the same as that employed in grinding looking-glass 
plates, requiring, of course, much more power to 

ive it. . 

The late Mr. Brooman, of 166, Fleet-street, patented 
as a communication (No. 2413) a French invention of 
charging-doors for the tops of blast furnaces. The top 
of the furnace is formed with segmental openings, each 
having a hopper-case, charging-door, and tumbling 
bottom to drop the materials into the furnace without 
escape of gas. 

W. R. Lake, of No. 8, Southampton-buildings, 
Chancery-lane, patents (No. 2414) a hoist, which is 
raised or lowered by one or more large worm wheels 
working in worm racks at the sides. of the case, the idea 
being to prevent the danger of running down. 

Alfred Bird, of Birmingham (No. 2415), patents the 
purifying of water from lime by the addition of a small 
quantity of a solution of sulphate of alumina, after- 
wards giving time for the water to precipitate its lime. 

Robert Atkin, of 15, Crawford-street, Bryanston- 
square, patents (No. 2418) the old and repeatedly pro- 
posed plan of placing a screw propeller on each side of 
a ship, the screws being driven by pitch chains (!) from 
a chain wheel respectively on a shaft near each side of 
the ship. The screw is shown lifted also, and the pitch- 
chain hanging slack. 

James Davidson, of Woolwich, patents a complete 
set of machinery for cask-making. We could not de- 
scribe it without drawings ; but we may add that the 
blue-book is numbered 2426, a.p. 1865, and that its 
price is 5s. 4d. Any one interested can have it by 
sending stamps to that amount to the Patent Office, 
Chancery-lane. 

H. A. Bonneville, of 38, Porchester-terrace, Bays- 
water, patents (No. 2429) a gravity lubricator, for all 
we can see, much the same as Mr. Ramsbottom’s, only 
that the former has the addition of a gauge tube to 
show the height of the water and the depth of oil float- 
ing upon it within the chamber. ; 

George Davies, of No. 1, Serle-street, Lincoln’s-Inn- 
fields, patents (No. 2433) a machine for making horse- 
shoes: We could not describe it without drawings, 
but we may note that it is apparently a well-designed 
machine, evidently designed by a practical engineer, 
The inventor is a Frenchman. 

Professor Rankine, of Glasgow University, obtained 
a-provisional protection (No. 2434) for a self-feather- 
ing paddle float, the float revolving freely upon an axis 
passing through its “centre of figure.” Such a float 
would, we think, generally take the line of least re- 
sistance through the water, even were it weighted on 
the lower side. 

J. H. Johnson, of 47, Lincoln’s-Inn-fields, patents 
as a.communication (No. 2435), a portable vaporiser, 
for carburetting ordinary atmosphere air, by passing 
it over naphtha, the mixture bemg then employed as 
illuminating gas. This is one of several American 
patents of this kind, and it would appear that naph- 
tha vapour and air are being burnt in the States as 
gas, where coal. gas is seldom cheaper than 10s. per 
thousand feet, and in many places as dear as 18s. or 
even more! Mr. Johnson’s present patent is for a 
portable. apparatus upon this principle for railway 
carriages. 

A. V. Newton, of 66, Chancery-lane, as the agent of 
John Irwin, of Chicago, United States, also patents 
(No. 2439) an invention upon the principle just de- 
scribed. Irwin has discovered that the mixture of air 


and naphtha vapour, instead of, as appears to have been | jast. 





supposed, being lighter than ordinary air, is heavier. 
So he places the mixture in vessels at some height 
above the burners, to which it is to flow by gravity. 

John Player, the well-known blast-furnace engineer, 
of Stockton-on-Tees, patents (No. 2444) a new mode 
of puddling and balling iron. ‘The pig iron is to be 
melted, preferably in a cupola, and run thence into the 
bed of the puddling furnace, where it is to be puddled 
as usual, As soon as it froths up or “ falls,” it is to 
be drawn out and placed in a cage of iron bars with 
narrow spaces between them, and here it is to be well 
squeezed by hydraulic pressure. The patentee speaks 
of turning streams of air upon it while it is confined 
in the compressing cage. He admits that this would 
waste iron, but thinks some good might follow in 
certain cases. The object of the whole plan is to save 
time and labour. 

Jacob Dreisorner, of New York (No. 2445), patents 
a water-pressure engine, which we could not describe 
without drawings. 

William Unwin, of Sheffield, patents the old nostrum 
so often proposed and patented for iron and steel 
making. To 480 |b. of iron in the puddling furnace he 
adds common salt, oxides of manganese, prussiate of 
potash, and sulphate of baryta, all in definite quanti- 
ties. 

Edward Brooke, jun., of Huddersfield, patents (No. 
2451) a ventilating pipe for sewers. It is to be a clay 
drain-pipe, with a socket or enlargement at its upper 
end, and is to fit to the sewer pipe below. The he 
above is to have a tray of charcoal placed in it, the 
foul gases rising through this and escaping through 
openings in the sides of the socket. Over the whole 
is a lid, and the arrangement is such as to give ready 
access from the street. 

W. E. Newton, of 66, Chancery-lane, patents a 
steam-engine having two hinged vibrating pistons, as 
employed by Ericsson in the Princeton’s engines, de- 
scribed in Mr. Bourne’s work on the screw propeller. 
Both pistons work, however, in different parts of the 
same chamber, and each piston takes steam on one 
side only, the crank and two exceedingly short connect- 
ing rods being placed in the exhaust space between the 
pistons. We see no useful novelty inthis plan. (No. 
2453.) 

A. V. Newton, of 66, Chancery-lane, as the agent of a 
New York inventor, patents (No. 2454) improvements 
in presses worked by screws and toggle levers, or in- 
clined levers. It appears that double presses in which 
followers or rams are driven horizontally apart. in 
opposite directions are in use in the States ; but, with 
a transverse screw confined in fixed bearings, any in- 
equality in the work at the two ends of the press ne- 
cessarily throws an undue lateral strain upon the screw. 
This invention is to allow the screw to move laterally 
to accommodate itself to this strain. The nuts upon 
the screw are divided also, and their halves may be 
separated after the pressure has been put on, and the 
followers thus brought back without the delay of un- 
screwing. 

R. T. U. Howey, of 46, Blenheim-street, Newcastle- 
on-Tyne, patents (No, 2455) an expanding mandril for 
setting boiler-tubes. The cone is cut with a screw 
thread, and the segments of the mandril are also cut to 
fit it. The outward motion is thus effected by screw- 
ing. Of course other applications of the screw to ex- 
panding mandrils have been before made. 

N. Korshrunoff, of Birmingham (No, 2456), patents 
the introduction into the blast of blast-furnaces, or 
into the blast of the Bessemer converter, of nitric or 
chloric acid, which, when heated, liberates oxygen. 
These gases may be fixed also with potash, soda, or lime 
as bases, and thus thrown into the puddling furnace and 
into the Bessemer converter. ‘The patentee states that 
a fusible slag will thus be made, and the iron will 
be purified. We think a metallurgist would be 
puzzled to say how. If the patentee had dwelt upon 
the effect of chlorine, or nitrogen, upon the iron, we 
might have rested upon the tact that, although the 
effect was not known, some effect might be possible, 
the chlorine, perhaps, as upon the theory of Professor 
Crace Calvert’s salt-puddling patent, taking up and 
carrying off sulphur. But to employ a compound gas, 
or solid, as a carrier for oxygen seems a little odd, 
when the blast apparatus is itself pumping in free 
oxygen by the hundredweight every minute. 








Tue New Lixe to Bricuton.—The bill of the South 
Eastern and London, Chatham, and Dover Companies (Lewes) 
line to Brighton having been contested with great force and 
finally carried in the Commons, the present Brighton Company 
entered upon a strong opposition in the Lords. Here, too, they 
have been at last beaten, and there is now no doubt that wizhin 
a very few days the royal assent will be given to the bill for the 
new Brighton line, so often before thrown out, but successful at 
as 





PORTABLE ENGINES, 


Our remarks, in another colamn, upon the above subject 
might be thought unduly severe did we not reprint, for the 
reference of our readers, the following letter and extraordinary 
defence to which they apply, and which appeared in The 
Engineer of Friday last: 

LIGHT PORTABLE ENGINES. 

Str,—As I presume you do not claim to be infallible, or at- 
tempt, like some of your contemporaries, to impart an air of in- 
fallibility to your journal by suppressing letters criticising 
articles which it may contain, I venture to hope you will insert 
the following remarks, on an article on “ Light Portable 
Engines,” which appeared in your Jast impression. 

With some of your remarks I agree, from others I differ, and 
especially from your dictum that high pressure and high 
measures of expansion are out of place in the farm-yard; nor do 
I think that the practice of agricultural engineers really deserves, 
in any way, the encomiums-you have passed upon it. To a man 
agricultural engineers have manifested an almost total want of 
appreciation of those refinements which are essential to the 
economy of the steam engine. I may cite,.for example, that 
although the sides of portable engine cylinders are sometimes 
jacketted, the ends never are nor ever have been by any firm with 
whose practice I am acquainted; and they do not appear to under- 
stand the construction, or action, or value of a really good cut- 
off valve. I do not wish to be severe, or to state anything but 
the results of my own somewhat large experience in portable 
engines, and I acknowledge that. portable engines, by makers of 
repute, so long as you give them coal enough, work well; . but in 
their makers there is a great or total lack of that refined know- 
ledge and practice shown by locomotive superintendents and 
marine engineers. 

I think it you will go over the calculations in the article you 
will see that they need correction. You say that an engine car- 
rying 100 1b. steam expanded nine times will work up to 144 
horse-power. ‘This cannot be the case, as a deduction must be 
made for atmospheric pressure. The average pressure, as given 
in the article, is 35$1b., which would correspond to 14} horse- 
power; but from this must be deducted the atmosphere, 144 Ib., 
and the true average pressure and the indicated power of the 
engine will be really but 21 1b., and 8.5 instead of 14}. A simi- 
lar error occurs regarding the large engine carrying 60 1b. steam, 
The average pressure required to give 16.8 horse-power would 
be 42 1b., exclusive of the ns which you have omitted 
to deduct. Again, the weight of water to be used is.wrongly 
stated as 295.5 1b., whereas it is really 322 lb. This, it will be 
seen, makes an important difference in favour of the small 
engine. 

It is next assumed that the best result to be obtained from 
23 1b. of steam is a horse-power per hour. Surely, sir, this is 
wrong. It has been repeatedly beaten at sea, and on land I be- 
lieve even by locomotives. How is it ible to account for. the 
great difference between this and about 12 lb. only required on 
your own showing by theory? ‘So far from considering 1 horse 
power from 23 lb. of water good work, I regard it as being very 
much the reverse. Again, you appear to lay particular stress 
on the defects connected with high speeds. Now I have had a 
fan running for the last three years almost day and night at 
1600 revolutions per minute; the bearings are little worn, and 
have never given trouble. One of the shafts in my shop—a 
long one, driving small tools—runs at 180, I never had a hot 
bearing on it yet. Railway axles run at a great pace without 
heating; why should not the crank shaft of a portable engine? 

I shall not further trespass.on your space at present, but 1 
feel convinced that high pressures and expansion rods carry the 
day in the farmyard as they have elsewhere; and, with your 
leave, I may perhaps say something in a little time as to the 
proper form for a portable engine, which does not include the hori- 
zontal boiler, but one far better suited to the intended purpose, 

Birkenhead, July 13th, 1866. ~H. L. 


Upon this letter the editor of our contemporary observes: 
“Our correspondent comments so severely on ‘our article’ 
that we did think of replying to his letter at length in another 
page. We believe, however, that all that we intend to say on 
this subject at present admits of being said here, and we shall 
therefore not bring the weight of large type to bear against him. 
We certainly set up no claims of any kind to infallibility; and 
we afford the best peo proof that we do not attempt to ‘im- 
part an air of infallibility by suppressing letters’ by insertin, 
‘J. H, L.’s’ not very courtevus communication, e regar 
these columns as being set aside for free discussion, the only 
credentials necessary to obtain admission to them being honesty 
of purpose, courteous expression, clear composition, and the 
presence of at least general interest in that which is intended 
for insertion ; and our readers and correspondents will, we think, 
admit that they have always been afforded an opportunity for exe 
pressing their opinions, whether these were or were not directly 
opposed to those which we entertained. We are sorry that our 
correspondent’s experience should lead him to regard agricultural 
engineers as being behind ‘locomotive superintendents and 
marine engineers’ in theory and practice, He. has cited 
particular points in illustration of his statements, to which we 
have the most complete answer. He asserts that agricultural 
engineers neither jacket the ends of the cylinders of portable 
engines, nor understand the use or value of a good expansion 
valve.. We shall not waste words in disputing an opinion that 
our correspondent must stand almost alone in holding, and which 
is really little short of a slander on the members of an. important 
branch of the profession, Annexed we give engtavings of 
cylinders of a 12-horse portable engine as coneteucted by one 
of the first agricultural firms in the south of England. 
‘J. H. L. will see at a glance that not only are the ends of 
the cylinders carefully jacketted—steam spaces being cast in 
the covers—but that the expansion gear is surpassingly 
elegant, a single eccentric cutting off for both cylinders.* 
It will probably form a neat little problem for ‘J. H.'L.’ 
to make out the action of this valve, as he appears to 
be acquainted only with the ruder works of the agricultural 
engineer, We may add thut it is not a theoretical design, 
but is in actual use. As ‘a refinement,’ we’ think ‘this 


* A cutis given in illustration, 
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valve gear will bear comparison with anything ever produced 
either GF mane engineers or locomotive superintendents. And 
we id, without much difficulty, find parallel examples of 
refined ingenuity in the shops of more than one firm of agricul- 
tural engineers. We have gone over our calculations, and we 
admit that they do require correction; but, strangely “a * 
our correspondent has completely failed to detect where. The 
substance of his first objection to the figures in question is that 
an engine ‘ carrying’ 100 lb. steam expanded nine times could 
not work up to 14} horse power, because the atmospheric pres- 
sure must te deducted, leaving but 211b. effective pressure. 
Now if our correspondent had read our article carefully, he 
would have seen that, although the word ‘ indicated’ has been 
somewhat loosely used, it really means total horse power. The 
calculation to which he takes exception is purely theoretical, 
and we have expressly omitted any mention of atmospheric re- 
sistance, because we have selected the results obtained from 
condensing engines as a means of comparing the most favour- 
able practice with theory, and we beg to call our correspondent’s 
attention to the fact, that after calculating the power developed 
in a cylinder 6, in. diameter and Qin. stroke by 100 Ib. steam 
expanded ninefold, the following passage immediately occurs: 
‘ This, of course, makes no deduction for loss by leakage, radia- 
tion, back-pressure, or — The entire calculation applies 
to the power developed by a given quantity of steam apart from 
all deductions of any kind. And as another illustration of this 
very obvious fact, we may point out that further on in the article 
the engine in question is compared, not with an 8 horse power 
nominal, as it should be if capable of working up to 14} horse 
power, but with an ordinary 4 horse engine, which is capable of 
working up to about 8 horse power—that is to say, about the 
effective power of the engine described. Nevertheless, an error 
does occur which we are happy to correct, unimportant though 
it be. The consumption of water is given as 164} 1b., whereas 
it would really be 135} 1b. only. The mistake arose from hastily 
taking the weight per cubic foot of steam from a table, and 
using as a multiplier the fractional weight in pounds of a cubic 
foot of steam with a pressure of 1004 1b. above the atmosphere, 
instead of the fractional weight of steam of 100 Ib. total pres- 
sure. The error partly arose from the faulty arrangement 
of the tables used, and our correspondent has actually re- 
peated it himself in the case of the large engine. The weight 
of water which he gives—322 lb.—is correct only for steam 
of a total pressure of 75 \b., and yet by his own calculations 
he assumes that the initial pressure is but 1001b. instead 
of 1144, as it should be, to suit the weight of water. Our 
own figures are, however, also rendered erroneous in this case 
by the turning of a 6 upside down, by which it is converted 
into a9. The true weight of the water used by the large engine 
is 265.5, instead of 295.5, as printed. Our correspondent will 
thus see that the difference | some the consumption of the 
two engines is not quite so great as he imagines. Again, while 
taking us to task i not deducting atmospheric resistance, he 
himeelf commits the error of assuming that a deduction of 
144 lb. would be sufficient. We must remind him that not only 
would the power of the engine continually vary with the state 
of the barometer, but that a deduction of 144 1b. is not nearly 
sufficient, as it does not include the resistance of the escaping 
steam, which cannot be much less in practice—especially with a 
high-speed engine—2} lb. ; therefore the true resistance will be 
about 17 Ib., instead of the 14}1b., on which he so oa in- 
sists. Our correspondent next states that it must surely be 
wrong to assume 23 1b. of steam as being required for a horse- 
en ee out very properly that better results have been 
obtai at sea, &c. e can only reply that no small engine 
has ever done better, as far as we are aware, without the aid of 
superheating apparatus, the use of which we have not contem- 
plated in our article; and it will give us pleasure to receive and 
to publish authentic particulars of any experiment proving that a 
portable engine bas ever worked up to fifteen effective horse-power 
with less than 845 lb. of water per bour unless superheating 
apparatus was used, as, for instance, on Wenham's system. 
In this matter we wish to deal as far as possible with facts, and 
our correspondent s so confidently that we shall not ask 
too much, we think, if we ask him to produce facts in support 
of his argument that 23 1b. is an excessive estimate for the con- 
sumption of steam by portable engines. If ‘J. H. L.’ had much 
— experience with quick-speed engines, he would have 
nown that no comparison can be established between the crank- 
shaft and crank-pin of an engine and a fan-shaft or railway axle. 
Asa rule, both fan-shafts and railway axles run cool, because the 
strain or pressure on the bearings is always in the same direc- 
tion, and there is no such thing as ‘knock’ or piaching; a 
railway axle, indeed, cannot be screwed up too tight, as there is 
no lower brass, and even railway axles do now and then heat, 
and that with her Majesty's special trains. If our correspon- 
dent had ever been at sea, he would know how difficult it is to 
keep the bearings of reciprocating machinery cool; and we be- 
lieve that even an extended practical experience in quick-s 
rtable engines would materially modify his views, and lead 
im to regard a speed of 120 revolutions per minute as quite 
high enough. It is worth observing that he has completely 
sy over without notice our argument in favour of a large 
iler and ample surface. Possibly he reserves his criticisms 
until he has tested the vertical boiler to which he refers.” 








Daviss's Sream Srriker.—Messrs. Kennard, of the Viaduct 
Works, Crumlin, are now making some of Davies’s steam- 
strikers, of which we publisbed a description in April last, for 
other firms in South Wales. They hi ve steam cylinders 8} in. 
in diameter and 6 in. stroke, and the nammer heads, 30 lb. in 
weight, are attached to arms 4 ft. long from the pins on which 
they oscillate. The strikers are made to lift through a space of 
8 ft., and they will work effectively upon anything 4 ft. 6 in. high 
from the floor of the smithy. They are also capable of turning 
in a horizontal direction, so that they can be brought to bear 
upon different anvils or swage blocks, The water for raising 
them is to be supplied at a pressure of 141b. per square inch 
from a small tank placed near the roof of the smithy. 

Tus Tay Briwer.—The bill for the great salle y bridge 
over the Tay has this week passed the Lords, and thus the 
powers necessary for its construction have been fully secured. 


THE POSITION AND DUTIES OF CIVIL 
ENGINEERS. 


To Tue Eprror or ENGINEERING. 


S1r,—The whole attention of the legislature and the public has 
recently been called by Lord Redesdale to the system on which our 
new railways are now projected and carried out. It is plain 
that the first and principal object in most of such works is, that 
they shall be made productive to those through whose instru- 
mentality the legal powers are obtained, with but very remote 
regard to the interests of those who may ultimately become the 
na of shares, or to the benefit or convenience of the 

ublic. 
. The company, represented by a body of nominal directors and 
by shares which have scarcely more than a nominal existence, 
is made to derive a sort of galvanic activity by the sale or nego- 
tiation of Lloyds’ honds; but it is in reality —— more than 
a creation of the contractors and the solicitors. It is the la- 
bour and influence of the contractor and solicitor which has called 
the company into being, and has obtained from Parliament the 
compulsory powers over the property of others, the result of 
which they then offer for sale to the highest bidder. There are 
not wanting those who defend this system on the ground that 
railways are thus obtained, albeit at twice or thrice the neces- 
sary cost, which would not be otherwise made, and that the 


commerce of the country and the accessibility and improvement | po 


of property are thereby promoted. There is one person, however, 
the engineer whose aid is indispensable to such undertakings 
both in their inception and prosecution; and the question now 
to be considered is, whether the evils of the present system 
would not be got rid of without throwing ‘any improper or un- 
wise obstacles in the construction of new railways and other 
great public works, if the status and duties of engineers were 
duly regulated, and it became the principle of action to repu- 
diate any conditions of employment inconsistent with their integ- 
~ and incompatible with their independence. 
here is probably no profession so little understood by the 
general public as that of engineering. The practice of the 
lawyer or doctor is commonly known; the code of professional 
etiquette by which the members of these two professions are 
bound is recognised and appreciated by society, and its general 
rocognition is no small guarantee for the satisfactory conduct of 
lawsuits or medical treatment. In the case of engineers, no 
such code exists; their profession has no precedents, and nothing 
but a thorough realisation on the part of the public of the obli- 
gations incurred by its profession can maintain it in a position 
worthy of its ostensible objects. Between those classes of the 
public who regard engineers as a race of men whose lives are 
spent in making or attending upon steam engines, and those who 
look upon them as highly scientific persons constantly achieving 
new triumphs over the material world, and contributing to 
human progress, there exists another class who, not without 
much truth, consider an engineer as one of a triumvirate that 
includes a contractor and “a financial agent,” and that an 
a of interests with these two persons hardly justifies un- 
limited confidence in his representations. This vagueness of 
conception of an engineer’s duties and obligations is neverthe- 
less in itself an evil that might, it is true, be overcome, if a 
certain standard were adopted, and uniformly acted upon, by the 
members of the profession ; but there are too many heterogeneous 
elements, too many conflicting interests, for any change to be 
made that would seem to imply the consciousness of a necessity 
for reform, unless some kind of pressure were brought to bear 
from without. The question of engineering morality is one that 
deeply affects a community whose prosperity depends mainly on 
the efforts of practical science. Ability and integrity are indis- 
pensable qualifications for men who are entrusted with the ex- 
— of large sums of money in works of public utility. 
hough the pre-eminence claimed for English engineers onl 
not argue any deficiency in these qualities, it would be in the inte- 
rest of the profession if the obligations it incurs were clearly 
defined, and if the public insisted on the observance of conditions 
which should have for their object the maintenance of a high 
and worthy tone. At the first aspect, nothing seems simpler 
and less open to misunderstanding than the footing on which an 
engineer should stand towards his employers. Being engaged 
to design and superintend the execution of a certain am he 
advertises for tenders, accepts the lowest, and is paid a small 
reentage on the total cost for his design and superinten- 
ence. 

Such a system is perfectly unexceptionable, and it is a very 
wide and habitual divergence from it that causes engineers’ 
statements in the present day to be received with a feeling some- 
thing akin to mistrust. All those who have any experience of 
the manner in which practice is frequently obtained and con- 
ducted, not only by the more obscure, but by the most eminent 
members of the profession, must have noticed and regretted 
the existence of a tone of morality that would not be tolerated 
in any other respectable calling. Hard as this statement may 
appear, it is thoroughly borne out by the open avowal of excep- 
tionable principles, = { by the adoption of Chjectionable methods 
for obtaining employment. The public is now beginning to learn 
that many schemes for which capital is solicited could never 
have been expected to be profitable save to the promoters of 
them, but it is not so generally known that a certain class of 
engineers who, in virtue of their position as advisers, would 
hardly be expected to find their gain in their advocacy of unpro- 
fitable undertakings, make the ter part of their incomes as 
promoters; and, indeed, while it is possible for them to make 
money by anne means, without giving cause for comment, 
they can hardly be expected to follow the less lucrative course 
of giving their first consideration to the interests of shareholders. 
It is thus that the most of railway bills that are annually brought 
before committees of the House of Parliament are caused less, if 
at all, by any real demand for increased railway accommodation 
than for the profit of some contractor, who, aided by the name 
of an engineer who expends capital and exerts influence to pro- 
cure the requisite authority for the construction of a line, and 
who, on the passage of the bill, places himself in communication 
with a person who undertakes to form a company, which shall 
+ the _ thus acquired at a premium. 

f all the various modes were stated by means of which 





engineers connect their names with works of pretended utility, it 


is greatly to be feared that @ most pernicious and wide-spread 
system would be exposed. The basis of this system is an 
understanding between contractors and engineers—an under- 
standing for mutual interest between two persons, one of whom 
is assumed to act as a check upon the other. The business of 
contracting has proved in some instances so immensely profit- 
able, that society, in contemplation of the result, is apt to 
forget at whose expense these riches were amassed, and what 
special circumstances could make our trade so immeasurably 
more lucrative than all others. If it were acknowledged that it 
is the engineer’s positive duty to see that the work on which he 
is e be carried out at the least possible cost, and that there 
are many competent men anxious to execute these works at the 
lowest rate compatible with a fair remuneration to themselves, 
there would be Tess gratification at the unprecedented position 
attained by a class of tradesmen who have accumulated wealth 
by work carried on really under but nominal supervision. This 
part of the question is nearly related to the all-important one of 
engineering morality, and, as far as it affects the public interest, 
it must eventually be righted when the public and shareholders 
become aware of the fact that they are lending themselves to a 
system which, if unchecked, would tend to leave the direction 
of most of the great works of public utility in the hands of a few 
speculators. 

The result of a state of affairs that leaves all practice of im- 
rtance at the disposal of a few men who are not afraid of 
indulging in financing operations is already evident in the pro- 
fession. One of the most significant facts in proof of this is to 
be found in advertisements, that occasionally appear, of engineers 
willing to give douceurs to solicitors and others for a remunera- 
tive engagement. What would be said of a barrister who would 
offer in public print to pay a solicitor for a brief? Sucha 
proceeding would be considered scandalous, and it certainly is 
scandalous when a member of any calling, with claims to dignity 
and consideration, resorts to such means of obtaining employment. 
Indeed there can be no doubt of the gloominess of the ———— 
of many who have adopted the profession as a means of earning 
a livelihood, unless the public should eventually perceive that 
an engineer’s best recommendation is not so much a certain 
adroitness in financial juggling as a thorough and scientific 
knowledge of his profession. 

The ab of independ in the engineers, at the same 
time, deprives the public of the ~~ security it could have that 
new works are wisely designed and properly executed. These 
conditions, and these alone, would obviate the mischief which is 
now complained of, whilst it would encourage rather than impede 
the prospects of every necessary and well-devised improvement. 
However, the evil is so far likely to work its own cure, that it will 
at last become strikingly evident that it is the interest of the com- 
munity at large to exercise a scrutiny quite as searching into 
the manner in which it is served by its engineers asby its 
lawyers and doctors. Previous to the railway era, civil en- 
gineering as it is now understood was but little practised. Its 
professors were neither sufficiently numerous nor influential to 
constitute a class with a defined social status. 

Thoughtful land-surveyors would occasionally devise an im- 
proved system of road-making; some nobleman’s land steward 
might hit on some expedient for draining ; some philosophical me- 
chanic might astonish the world by the solution of a difficult me- 
chanical problem ; but with the exception, perhaps, of Telford and 
Rennie, few were recognized as representing a scientific callin, 
The invention of railways gave unexpected opportunities to the 
more active and sober land-surveyors, of whom many gradually 
attained the position of engineers in large practice, and are now 
considered at the head of the profession. hatever merit may 
be claimed for the early railway engineers, there can be no doubt 
of the exceptional nature of the times that rendered their ser- 
vices so valuable. The work required of them was done, and 
the whole of the civilised world has been made familiar with 
the wonderful invention of George Stephenson under their 
auspices. But, when we consider the future of the profession, 
not only under its technical but social aspect, there is no neces- 
sity to dwell on the details of works already executed. Engineers 
will have a prominent part in the history of civilisation, and it 
remains for society to Secide whether the present professional 
standard is catialastery for the guidance ft those who have so 
important a mission. 

An impartial review of the actual condition of the profession 
as affecting its future status tends inevitably to the conclusion 
that it would be well to institute examinations, to the successful 
competitors in which diplomas should be awarded. This con- 
clusion has frequently been arrived at, and always met by the 
objection that it is impossible to fix the value of a man by his 
success in an examination—an argument to which it is sought 
to give point by citing French and German engineers, who, 
though the creations of a most elaborate educational machinery, 
are customarily spoken of in a depreciatory tone. The objec- 
tion to an “educational monopoly,” as it been termed, is 
based on a singular assumption that the knowledge of the arts 
of construction is of a subtle nature, totally different in its 
essence to a knowledge of comparative anatomy or constitutional 
history, and not to be sounded by examiners. 

The secret of much of this opposition might be found in the 
unwillingness of a large te. of practising engineers to 
acknowledge the necessity of alteration in the present system, 
that has enabled them to come permanently forward; and 
though, perhaps, they would be honest enough to attribute 
the greater part of their success to a “keen financial instinct,” 
a ‘thorough knowledge of men,” or some other such — 
vague qualit , they are naturally anxious to obtain credit for 
scientific attainments, and would resent a proposition that 
would seem to throw doubt on the satisfactory mauner in which 
work is conducted under their ment. 

In the case of doctors and lawyers, no one doubts the value of 
the rantee for a proper performance of duties which is 
afforded by a successful examination, and there are no 
peculiarities in the profession of an engineer that would deprive 
such a tee of its value in his case. There is much to 
admire in the exceptional instances of self-educated men who, 
without any special training, have shown themselves proficient 
in science; but it is highly inexpedient to leave a profession of 








such importance without an organization, for the sake of ae 
opportunities to occasional genius, These opportunities w 
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still exist, notwithstanding the general standard of the profession 
were raised. Certainly no reasonable being would advocate the 
extinction of medical degrees for the sake of preventing invidious 
distinctions between their holders and village bone-setters. In 
the choice of a profession, the friends of youths who have to 
make a decision are naturally influenced by the popular opinion 
that the practice of civil engineering offers a lucrative and useful 
career to any young man of average ability. The Great George- 
street offices are stocked with articled _— who, for the most 
part, are well educated, belonging to the same class of society 
as the recruits for other great professions; to these an oppor- 
tunity of testing their proficiency would be most valuable. The 
question deserves to become a public one; the issues at stake 
are large, and it is in the power of the general public to put an 
end to a system of a out public works, which has been 
frequently denounced, but which has never been understood. 
Let it be accepted as a principle, that every pound advanced for 
the construction of works should show itself in some results 
which the engineer in charge could specify, and there would be 
no cause for the dissatisfaction and mistrust with which en- 

ineering operations are now so frequently regarded. Moreover, 
let it be remembered by the shareholding public that the civil 
engineer is the sole guardian of their interests, that he alone 
understands the technical calculations on which certificates are 
granted to contractors. Once this responsibility is recognised, 
a strong general feeling may give the impetus that is so much 
required to place civil engineers on a more assured and better 
footing for the fulfilment of their duties. 

An association of educated men, with the confidence in them- 
selves that would be inspired by a knowledge that the attain- 
ments of each had been duly tested, would exercise a most 
powerful influence on their possession. By laying down a few 
precise rules for the guidance of practice they would supply the 
want of precedent, which is a safe guide to members of other 
professions, and a protection to society from the designs of 
charlatans. 

One of the first endeavours of such a body would be to allay 
the feelings of mistrust with which engineers’ estimates are 
so generally received. Persons with no knowledge of the calcu- 
lations on which estimates are based feel themselves justified 
by experience in doubting the assurances of men specially 
trained to approximate the cost of any undertaking. To obtain 
contidence it would be necessary to devise some means for 
giving publicity to all that relates to the actual execution of 
works, and perhaps the best means to that end would be to 
institute a kind of registration office for engineering plans and 
specifications, to which the public might have easy access. No 
reasonable engineer would object to lodge tracings of his plans 
and working drawings. Indeed, it is a question worthy the 
consideration of the legislature, whether, in the case of work 
carried out by public companies, it would not be well to render 
obligatory the deposition of copies of the plans for record and 
reference. 

The action lately taken by Lord Redesdale for the amendment 
of the standing orders on railway legislation is likely to exercise 
an indirect but most beneficial influence on the profession. He 
is necessarily opposed to many powerful influences; but he 
deserves the best thanks of those wko look for the advent of a 
time when the terms, engineering, promoting, and financing, 
shall cease to be associated as they are at present in the minds 
of the general public. 

C. E. 








SOCIETY OF ENGINEERS. 


Tue last volume of the Transactions of the Society of Engi- 
neers contains a paper upon “ Locomotive Adhesion,” read at one 
of the meetings in November last. A portion of the paper, as 
originally read, has been suppressed in consequence of grave 
misstatements and misapprehensions which were pointed out in 
the discussion, this portion of the discussion having beer also 
suppressed. Further misstatements were made, however, by 
the author of the paper, in replying to the discussion; and as 
this could not well be re-opened after he had spoken, no correc- 
tion was offered at the time, and it was finally thought better to 
make none until the matter was again brought to the notice of 
the members in the printed volume of Transactions. It is to 
that portion of these between the 273rd and the 278th pages 
that the following remarks, written some little time since, and at 
poe intended for direct distribution among the members, now 
apply. 

Pie had been mentioned that the author of the paper had 
brought forward, without acknowledgment, the explanation of 
the manner in which a locomotive engine is moved by the action 
of the steam jointly upon the pistons and cylinder covers, the 
fulcrum of advancing motion being on the rail, and not at the 
centre of the axle. The authorship of this explanation was not 
of itself a matter of importance, but was mentioned as a fact, 
merely, bearing upon the discussion, and which it was supposed 
was beyond denial. A distinct denial having, however, been 
given, the following particulars are necessary. 

The original explanation appeared, February 9th, 1856, in the 
Railroad Advocate, published in New York. (The date had 
been given in the discussion, without having first been verified, 
as 1855.) The explanation was as follows, and the volume 
containing it lies at this office for the examination of any one 
who may care to see it :— 

_ “If a man standing on the ground should wish to roll a car- 
riage wheel forward, he would exert the most force by taking 
hold of the top of the wheel, and least by taking hold at the 
bottom. In this case his own power re-acts against the ground, 
and not against the centre of the wheel. 

‘*Change now the illustration to that of an engine crank. 
Let the crank-pin be on the edge or circumference of the circle 
of the wheel. For a 5 ft. wheel, let the crank be 30in. long. 
Let us watch the action. 

‘“* First, with the crank entirely down, or next to the rail. 
If, now, we take the rail as a fulcrum, the crank-pin will move 
but very little on first starting the engine. The connecting rod 
will be a brace (strut) for holding the crank-pin against the 
rail. The steam acting on the front cylinder head will pull 
through the frame and on the axle of the driving wheels. If 





the whole pressure on the piston is 10,000 lb., there will be the 
same pressure on the front cylinder head, and the axle will be 
thereby pulled forward with 10,000 lb. of force. Hence, 
although the crank is quite at the bottom of the wheel, the 
power communicated to the engine is no less than that exerted 
on the piston. 

“Now put the crank quite up, or at the extreme top of the 
wheel. The piston is pulling it over with a force of 10,000 Ib. 
Were this power applied from the outside of the engine, the 
force exerted at the axle would be 20,000 lb., for the leverage 
would be as 2to1. But in the case of the engine the pressure 
on the back cylinder head would be 10,000 Ib., and this would 
be exerted through the frame, against the axle, and would 
counteract 10,000 lb. of the 20,000 Ib. of force, exerted as above, 
leaving just 10,000 lb., as when the crank was below the axle. 
Hence, there is nothing guined where the crank-pin is above 
the axle. 

‘To apply this illustration to a 20 in. stroke and 5 ft. wheel. 
When the crank was down a pressure of 12,000 1b. on the piston 
would give 12,000 lb. on the crank, and, by the leverage of the 
crank, would tend to push the engine backwards with a force 
of 8000 1b. But the pressure of 12,000 lb. on the front cylinder 
head would draw the engine forward with a force of 12,000 lb. 
less 8000 Ib.=4000 Ib. 

‘Next when ‘the crank was up, the force of 12,0001b. on 
the piston, or 12,000 lb. on the crank pin, would tend to pull 
the engine forward with a force of 16,000 lb. at the crank (axle). 
But deducting 12,0001b. pressing back on the back cylinder 
head, and the effective pull is 4000 Ib. as before.” 

On comparing this with the explanations reprinted on pages 
273 and 274 of the Transactions, it will be seen to be identical 
with them. 

In July, 1862, Mr. C. (named in the discussion), being then 
about to run down to the sea-side for a few days, asked Mr. P., 
the author of the paper on adhesion, whom he had then known 
for a few weeks, if he thought he could supply a couple of lead- 
ing articles for the journal Mr. C. then conducted. Mr. P. had 
never before employed his pen in this manner; but he was will- 
ing to make the attempt. To help him forward, Mr. C. sug- 
gested the subjects, and supplied him with material to work 
them up. One was to be an article upon “ Nominal Horse 
Power,” which was duly written and printed, snd for which 
Mr. C. supplied the data, partly from his note-books and partly 
by referring the writer to books containing information upon the 
subject. ‘The other article, which was not written, and therefore 
not printed, was to be upon the Motion of Locomotives. Mr. 
C. suggested this subject because he and Mr. P. had discussed 
it together, not once merely, but several times, and because Mr. 
P. had bimself read the explanation above given in the Railroad 
Advocate, of which a volume was then at Mr. C.s’ office. Mr. 
P. had referred to that paper, not alone upon this, but upon 
other subjects. Upon this point Mr. C. has his own testimony 
in the following letter, which, although not dated, was written 
at the time mentioned above: 


“20, Grafton-street East, Tuesday. 

“My pEAR Srr,—I am delighted to know that you are to 
have the rest, for a few days, you so much need, and that it is 
to be sooner than you expected; and if the matter is arranged 
with —— , [hope too to be away very soon. I will look in 
to-morrow or next day, hoping to find you in, and to run over 
once more the leader in the New York Advocate, that my state- 
ment may conform to your own. Pray present my compliments 
to Mrs. ——, and 





“ Believe me, very faithfully yours, 

(Signed) _ 
the signature being that of the author of the paper on 
‘t Locomotive Adhesion,” who now states that he never saw a 
copy of the journal referred to! Mr. C. recollects his subse- 
quent call, and his again going through the explanation reprinted 
above. He did not, however, write the article Mr. C. had expected, 
but finally chose another subject, viz., “‘ Marine Engines,” to 
which Mr. C. made no objection when he saw it, for the first 
time, in print, a few days afterwards, and during his absence 
from town. On the occasion of the meeting of the Society, in 
November last, Mr. C. considered it sufficient to refer to the 
fact that he had publisbed the explanation in question ten years 
ago, but he did not anticipate the statement that the author of 
the paper on Adhesion had never seen it, nor his attempt to claim 
it as his own. 

Into the general theory of the defence of the paper it is not 
intended to enter here, nor into the further misstatements in 
the defence, inasmuch as they do not necessarily require the 
present mode of correction. 








SIMPSON’S TYPO-TELEGRAPH. 
To tHe Epitror or ENGINEERING. 


Srr,—In your article last week, which admirably describes 
my single-wire typo-telegraph, refer to instruments (lately 
exhibited for a few days in London by Signor Bonelli, and 
claimed to be his own invention) as appearing to be, if correctly 
described in some London papers, “identical in principle, and 
“ very similar in arrangement, to that patented nearly two years 
“ ago by Mr. Simpson.” 

According to the description published, these instruments are 
a palpable infringement of my patents, and will be dealt with as 
such. It is about eighteen months since Signor Bonelli was in- 
formed that I had “ protected” an invention for a single-wire 
typo-telegraph; he was told this in my presence, by his own 
secretary, in the office of the Bonelli Company; and, ever since 
that time, I have fully described my plan to many scientific 
gentlemen belonging to different countries, whenever I have been 
asked to do so, or (a far more frequent occurrence) have sought 
their advice, which has been always most kindly afforded me. 

I shall be glad if you will insert this note in your next num- 
ber, for the protection of the interests, not of myself alone, but 
of gentlemen who might feel inclined to support this foreign im- 
portation, printing sixty words a minute, as is said, if they were 
not made aware of the real circumstances of the case. 

Your obedient Servant, 


July 26. J. Hawks Simpson. 





EDUCATION OF MECHANICAL ENGINEERS. 

No one can look back to the state of this profession thirty 
years ago, and compare it with its present state, without 
perceiving a great and encouraging progress; yet, at the same 
time, the comparison will force the conviction that this progress 
is but a beginning, and that another is required to bring it 
to what it should be ; and yt will be required, if we flatter 
ourselves that we have got — need of improvement, and 
fail to criticise our works with honest rigour. 

Thirty or forty years ago the leading mechanical engineers 

from common schools into 'b’ miths’ shops as ap~ 
prentices, at the age of fourteen, and worked up to be foremen 
and proprietors. Some of them had not even the benefit of 
common schools; and could not write or speak grammatically, 
or **cypher” beyond the rule of three, or even so far. As for 
ability to calculate the strains on the parts of a bridge or 
machine, and provide for them by exactly sufficient strength, 
they ridiculed the idea of such operations; and held that “one 
practical man, by his eye, could tell better than a dozen 
theorists how much stuff to put intoa beam, or column, or shaft, 
or connecting-rod, or any other part.” ‘Their work was laid out 
by the judgment of mere sense, aided by recollection of other 
work of the kind; they moved their thumbs along their rules, 
and when they judged that they had settled upon about the 
right length, they looked at the figures, and took the nearest 
3-inch to the mark thus found, And this they did throughout 
their lives. 

But as machine tools came into use, and new-fashioned 
works had to be executed, some of great magnitude, there was a 
demand for “calculations ;” and mathematicians were called 
upon as assistants. Also the assistance of draughtsmen was 
recognised as necessary; and in time it was discovered, or at 
least suspected, that the head-work of engineering was the 
main part of it, and that those who began by a study or 
mathematics and physics were better directors of work than 
those who began as apprentices in shops. In some cases 
those who began as apprentices afterwards went through 
proper courses in colleges and engineering schools; but these 
cases have been unfrequent, and it is doubted whether the ap- 
prenticeship before a good groundwork of theory is of nearly so 
much use as after it. Toa mere workman the apprenticeship 
first is best, since he is to be a good fitter, and accurate and ex- 
peditious in execution, and to devote his intellectual faculties to 
excellences of execution; but to a designer of work the first 
consideration is fitness of adaptation, and the next is strength 
with economy. It may not seem difficult, to those who 
have mastered the established formule, to determine the 
strength of parts; but the frequent breakdowns warn us that, 
however easy of attainment, this knowledge is not yet generally 
possessed in engineering establishments. 

Besides the vast advantage which a sufficient knowledge of 
mathematics and a facility in drawing gives the theorist 
over the mere workman, the theorist generally has another 
advantage, almost as great, in knowing what has been done in 
the world. While the unlearned workman knows only what has 
been done in his neighbourhood, and despises whatever is in 
books or mechanical journals, the theorist, by books and jour- 
nals, learns what has been done in all countries that are so far 
civilised as to have engineering publications; and when he is 
planning a new work, he has in his mind all the resources of the 
world, in addition to the scanty resources of local practice. 

Practice, to a great extent, at least great enough to under- 
stand it, is necessary for an engineer; but practice to this 
extent is soon acquired by the theorist; a young man froma 
good school or college, where he has been well grounded in 
theory, will in a year’s apprenticeship, ander a good foreman, 
become a better practician than if he had spent in the shop the 
time he had spent in the schools. Practice can be acquired at 
any time; but theory, if not acquired at the outset, will rarely 
uproot the bad menta! habits that grow up in uncultivated 
minds. In most cases it will be despised as inferior to the pre- 
cious experience of the indignant individual who is advised to 
study—good Heavens! to begin anew. 

In a social sense, it will not be questioned that the man who 
begins by a good education will have an advantage. The 
“learned professions” are esteemed not so much for their profits, 
which are generally less than those obtainable in trades, as for 
the mental condition usually found in them. A few great for- 
tunes may be made in them; but so it is in engineering, the 
man who directs the construction of a railway, and its equip- 
ment, at a cost of forty millions, may by his superior learning 
and talent leave a large percentage which an ignorant practician 
of equal genius, or natural capacity, might waste by his in- 
secure foundations, his provisional plans, his overloaded struc 
tures, and his breakdowns. A great work that involves im- 
mense outlay at first, and yearly outlay for maintenance, may 
be made 1 per cent. more profitable by the best engineer than 
by the second best; and out of this 1 per cent. a liberal amount 
may be paid for his superior abilities ; and this principle applies in 
every workshop in which there is or should be some effort to keep 
up with the growth of the world. Now the meaning of education 
is, that what all the best men have done before us should be 
known and compared, to sec us from beginning behind the 
age, and help us to make further progress.—American Artisan. 








Tue AmericAN Tarirr.—The Americans are always ad- 
justing their tariff. In 1842, they imposed high protective 
duties, and cotton mills and ironworks sprung up everywhere, 
In 1846, with a change in the position of political parties, the 
duties were lowered. In 1857, a further sweeping change was 
made, and during the war the tariff was again cut about. A 
bill lately passed the Lower House of Congress, making a great 
further increase in duties, but we learn this week that the Senate 
have thrown it out, ‘having postponed its consideration till 
December next. ‘The existing tariff, the duties payable in gold, 
imposes a duty of 9 dollars, or 37s. 6d., per ton ov pig iron; 15 
do! 68 cents, or over 3/. 5s., on railway bars ; er Gollars 20 
cents, or 14/,, per ton on locomotive bars (tyres); 1s. per pound, 
or 1127. per ton, on puddled and blister steel; 14/. per ton on 
cast steel, &c. Cannel and bituminous coal pay 5s. 3d. per ton ; 
coke, 25 per cent. upon the value, &c. The proposed tariff 
would have raised the duty on railway bars to ult 18s, 4d. per 
ton! and generally an increase upon other articles. 
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NOTES ON IRON. 


A conum~ of the best cast iron would require to be nearly 
ten miles in height before its lower portion would be crushed by 
its own weight. 

Native cast steel was found some years ago in France. M. 
Mossier obtained a mass of 16 1b. 602. of native cast steel, 
having all the characters of artificial cast steel, from a place in 
the department of the Allier, where there had existed a seam of 
burning coal. 

The elasticity of steel springs is considerably dependent upon 
the preservation of the original surface of the plates. A watch 
spring, from which the fine blue tint, originally left in temper- 
ing, had been subsequently removed by polishing, was sensibly 
weakened. 

In repeatedly remelting cast iron, Mr. Fairbairn found that 
its strength increased up to the twelfth melting, after which it 
rapidly diminished. The increase of strength from the first to 
the twelfth melting was 80 per cent. 

Most of the axles under the original rolling stock of the 
Liverpool and Manchester Railway remained sound after twenty 
years of regular service, : 

It is said that iron which has lain for a great length of time 
in one position becomes crystallised, and breaks readily on being 
disturbed. There has been instanced the case of an anchor in 
Woolwich Dockyard, which anchor it was said had lain undis- 
turbed for nearly a hundred years, but was finally broken with 
a very slight blow. 

The strength of iron has been found to be increased by being 
extended under a heavy strain, when heated to about 500°. In 
one case, the original strength of a bar being 60 tons, its 
strength after being stretched about 64 per cent. in length, was 
72 tons, making a total gain of 26.51 per cent. in strength and 
length. By strength, is here meant breaking strength as the ex- 
tensibility was diminished. 

In the comprehensive experiments made by Mr. Robert 
Stephenson upon different varieties of cast iron proposed to be 
employed in the High Level Bridge, hot-blast iron was found to 
have nearly the same strength as cold blast. 

A piece of solid cast iron will float on the surface of melted 


ron, 

Mr. Hodgkinson observed cast-iron girders to take a perma- 
nent set under from one-fifty-seventh to one-eightieth of the 
breaking weight; and he remarked that any weight, however 
small, injures the elasticity of cast iron. 

A mixture of gths hot-blast Scotch iron, 3th hot-blast hema- 
tite, and jth selected cast scrap, was found to produce very 
strong castings when adopted for girders in warehouse floors at 
the Liverpool Docks. 

In plate iron the grain, where there may chance to be any, 
does not always follow the length of the plate, nor can its direc- 
tion be determined by inspection. 

Wrought iron begins to yield sooner than cast iron under a 
crushing strain, but after a cube of the former has been com- 

to a certain extent, its resistance to crushing becomes 
conaiderably greater than that of cast iron. 

Bar iron and boiler plate are greatly strengthened by cold 
rolling under pressure, A bar rolled, while cold, from 24 in. 
down to 2in. in diameter, was found by Mr. Fairbairn to have 
been increased in strength by nearly 50 per cent. 

The wire ropes employed on railway and canal inclined planes 
do not wear out by abrasion, but fail, generally in about two 
years, by crystallisation. 

In Mr. Hawkshaw’s evidence before the committee on West- 
minster Bridge, he estimated from the results of Mr. Mallett’s 
experiments, that a cast-iron plate of uniform quality and 1 in. 
thick would remain in clear fresh-river water for 3362 years 
before being corroded entirely through, provided but one surface 
were exposed, or 1681 years if both surfaces were exposed, In 
the case of foul sea water it would take 506 years to eat through 
the plate if but one surface were exposed, or 253 years if both 
surfaces were subject to the action of the water. 

The crushing strength of steel is about four times greater than 


the tensile strength of wrought iron, and hence a 1 in, punch of 


steel will just punch a 1 in. hole in wrought iron 1 in. thick. 

The cast-iron plates in the beds of the Richmond Waterworks 
last only two years, in consequence of the action of the water 
upon them. 

The majority of such careful experiments as have been made 

to show that hot-blast iron, made from a given quality of ore, 
is not inferior in strength to that made from the same ore under 
a cold blast. The hot blast permits the use of inferior ores, 
which could not be worked with any satisfactory result under a 
cold blast. 

Cast iron, by being slowly annealed, becomes malleable. The 
malleable castings used at Mr. Hobbs’s lock factory may be sub- 
jected, without fracture, to nearly all the tests of wrought iron. 

Cast-iron contracts, in cooling from the melted state, from 
hin. to yin., and it has beev occasionally remarked that the 
shrinkage of cast iron made during the last ten or twelve years 
is less than that of iron made at an earlier period. 

Iron and steel, while heated to a cherry red, can no longer be 
magnetised, nor are they then susceptible of any magnetic in- 
fluence whatever. 

In Messrs. Robert Napier and Co.’s experiments upon iron and 
steel, one bar of Jowitt’s tool steel bore, before breaking, a strain 
equal to 148,294 lb. per square inch, the greatest strain borne by 
any of the steels tested. One bar of Lowmoor iron bore 67,876 1b. 
per square inch. 

Cast iron, when the surfaces left in casting have been cut 
away by turning or planing, will pass water through its pores 
under a pressure of about 7000 Ib, pe square inch. 

A cast iron three-throw shaft, employed for driving pumps, 
has been in regular use at Messrs. Combe, Delatield, and Co,’s 
brewery, Long-acre, for upwards of eighty years. 

Cast-iron guns and other heavy east cylinders have been burst, 
with considerable violence, by hydrostatic pressures. In one 
case, under a bursting pressure of 9000 Ib. per square inch, a 
fragment weighing 170 Ib. was projected to a distance of 21 ft. 

Mr. Longridge has stated that steel wire has borne a strain of 
from 120 tons to 130 tons per square inch, the latter strain 
being 291,200 lb., to which unit of weight it is more customary 
to refer the strength of iron. 





A flanged tyre bar, 5 in. by 1.8 in., and containing 10.2 square 
inches, requires upwards of 200 tons pressure on a pair of 
ordinary shears to cut it open. In one experiment 210.6 tons 
were required. 

From some parts of the Mersey wrought-iron gun iron was 
cut of a strength not exceeding 41,644 1b. per square inch, while 
other parts of the same gun withstood 52,864 1b. Soine of the 
borings worked over wifh charcoal bore 76,584 1b. per square 
inch. 

A new railway bar has been known to break in three pieces 
on simply falling from a waggon. E 

A cast-iron pillar, loaded with ,%7aths of its calculated ultimate 
breaking straiu, bore the load six months and then broke. 

Locomotive tyres are gradually extended in circumference by 
the friction to which they are subjected. They often become so 
loose upon the wheels as to require to be taken off and set anew. 

Steel swells in hardening. Iron absorbs carbon and swells in 
case-hardening, as well as in conversion into steel. Forgings of 
scrap iron are liable, in case-hardening, to absorb carbon un- 
equally, aud to twist or warp, owing to the irregularities of the 
iron. 

Cast iron has been tested at Woolwich to a strength of 
43,680 lb. per square inch, and extreme tests of upwards of 
45,000 Ib. tensile strain per square inch of cast iron have been 
attained. 

In punching long angle iron with closely pitched holes, as for 
rivetting, the iron is stretched, often } in. in 10 ft., and a dif- 
ferent template should be used for laying off the holes in such 
iron, so as to allow for the stretching. 

Cast steel, when hardened to too great an extent, has been 
known to explode violently. A case was reported, in the F’rank- 
lin Institute Jouraal for 1844, where a hardened steel step or 
bushing, 1$ in, in diameter, and having a } in. hole, exploded 
with a report like that of a pistol. 

The variation of the tensile strength of the cast irons experi- 
mented upon at Woolwich was from 9417 lb. (specimen No, 
1789, from the Heyford Ironworks, near Weedon) to 34,279 lb. 
(specimen No. 932 from the West Hallam Ironworks, Ilkeston). 

A steel wire, or bar of steel, of whatever diameter, having a 
tensile strength equal to 150,000 lb. per square inch, would just 
support its own weight if 8% miles (44,166 ft.) long, and sus- 
pended freely from one end. 

Forgings which have been hammered when nearly cold often 
prove very brittle, a quality occasionally attributed to crystalli- 
sation. Such a forging, however, if rom to a good heat and 
allowed to cool slowly, recovers its natural toughness, 

Hard cast iron, when cast in very large masses, and allowed 
to cool very slowly, is found to become soft. Heavy guns, when 
cast solid from hard iron, are found to bore easily. 

The strength of 1} in. bolts, made of a given quality of iron, 
being 23 tons per square inch, Mr. Brunel found the strength of 
Lin. bolts of the same iron to be 25 tons per square inch, 
whilst $ in. and g in. bolts of the same iron bore respectively 27 
and 32 tons per square inch. 

By successively reheating and reworking puddled iron, Mr. 
William Clay found that whilst its original tensile strength was 
43,904 lb. per square inch, its strength at the sixth reheating 
was 61,8241b. Subsequent workings reduced the strength, until 
at the twelfth reheating it again stood at 43,904 Ib. 

Iron is injured by punching. Mr. Fairbairn has found that 
iron, of which the average strength was 52,486 lb. per square 
inch, was so far weakened by punching, that the metal left 
between the holes bore but 41,590 1b. per square inch. This 
loss of strength is in addition to the actual loss of material 
punched out. 

Corrugation has been found to afford such strength to plate 
iron, that a single sheet, so thir. as to be unable to bear its owa 
vertical position, bore 7001b. after corrugation, without bend- 


ing. 

“Although steel is believed to be harder and stronger in some 
proportion to the amount of contained carbon, cast iron, when it 
is very rich in carbon, is soft like plumbago, will break by its 
own weight, and may be cut with a knife. 

Native iron has been discovered in but very few parts of the 
world. Specimens have been found in Austria, and in Canaan, 
U.S., there exists a seam of native iron, 2 in. in thickness, from 
which horse-nails have been forged. 

Cast iron has been run into large plates of only 4 in. thickness. 
One of great size and only 3 millemetres thick (less than } in.) 
was exhibited at the Paris Exhibition of 1855, by Boigues and 
Co., of Fourchambault, at whose works it was cast directly from 
the blast furnace—a circumstance which rendered the produc- 
tion still more remarkable. 

In casting long hollow columns great care is requisite to keep 
the core exactly in the centre of the mould. One of the iron 
pillars of the Pemberton Mill, which fell at Lawrence, United 
States, in December, 1859, was found, after the fall of that 
structure, to be only one-sixteenth inch thick upon one side. 

A 40 fathom cable made a few years since by Messrs. Brown, 
Lennox, and Co., of Millwall, was made of 4} in. iron, with 
links 27in. long, each link weighing 3081lb. The cable was 
tested to a strain of 1874 tons, estimated to be one-half of its 
breaking strain. 

A bar of cast iron of one square inch of section in the form 
of an equilateral triangle, and on supports 32in. apart, sup- 
ported 1437 lb. with one angle uppermost, and 840 1b. with the 
angle downwards. 

The Franklin Institute of America found, many years ago, 
that boiler plates possessed their maximum strength at a tem- 
perature of 550°. Mr. Fairbairn found the strength of iron 
plates to be unaffected from 0° to 400°, and that from 400° to a 
red heat the iron lost about one-fourth of its strength. 

Wrought-iron railway-wheels are hardly ever used in the 
United States. The wheels generally used are of cast iron, 
33 in. in diameter, weigh about 5201b., and are chilled on the 
tread or wearing surface by being cast in an iron mould. 

Shafts of cast iron may be mended, when broken, by pouring 
on melted iron to form the part required; the pouring being con- 
tinued with a surplus of metal, until the new parts are fused 
upon the old. 

Mr. E. A. Cowper has tested No. 22 music wire to a strength 
of 142 tons per square inch. 

Solid columns of a height exceeding 25 diameters will fail, in 





almost every case, by bending. Hollow columns do not fail by 
bending until the height is as much as 50 diameters. 

An alloy of 100 of copper to 14 of tin issaid by M. Dussoussy 
to furnish tools which, Toston and sharpened in the manner. 
of the ancients, afford an edge nearly equal to that of steel 
This, however, is very doubtful. 

The fluidity of the Berlin iron, from which the finest and 
sharpest (although not the strongest) castings are made, is 
attributed to the presence of arsenic in the iron. 

In turning Krupp’s cast-steel tyres, the lathe ‘requires to be 
driven at about one-half the speed at which ordinary iron tyres 
are turned, 

Steel containing 1} per cent. of carbon will not weld, and 
iron containing more than 2 per cent. of that element is not 
malleable. 

Mr. Hobbs has welded large bars of puddled steel at a heat 
lower than that required to weld iron. 

From Professor Barlow’s experiments on beams, it appeared 
that the strength of the skin of bars of British cast iron was 
about 23 times greater than that of the interior, 

A 2 in. square bar, of the best and most fibrous Lowmoor 
iron, has been completely crystallised by being hammered by 
two men for half an hour, 

Crane-chains, originally made of strong fibrous iron, often 
become crystalline after two or three years of constant use. 
Their fibrous condition may be restored by heating and gradual 
cooling. 





ARCH BRIDGES. 
To THe Eprror oF ENGINEERING, 

Srr,—I have to thank “B. B.” for his explanation, and to 
state for his satisfaction my reasons for believing that a discre- 
pancy existed between the sectional area given by his formulz 
for the ribs of the Severn Bridge and that actually used. 

I estimate the total distributed load per rib (not dead load on 
bridge, as I inadvertently stated in my letter) at 240 tons, which 
amount is the same as that arrived at by your correspondent 
“ X.,” in his paper on the “ Expansion of Iron Structures.” 

r 

Substituting this value for W in the equation, T= = 
= 240 x10 I find a strain on the rib at the crown of 300 tons; 
and dividing this strain by the sectional area of the rib at that 
point, 154 square inches, the strain per square inch=2 tons. 

s 5 
The thrust on the rib at springing=Ts/ 1 + = 324 tons, 
a 
and the sectional area at 2 tons per ‘Square inch would be 162 
square inches. Now the area of the rib at springing is to be mul- 


d 8 
r Bde Rasta 
tiplied by the factor —_—___.=1}, when d=50, r=10, 


w=2 ; 


=23 


for the area at the hannch=243 square inches, and the 

1624-243 
2 

= 202.5 square inches, as stated in my letter. If, however, a strain 

of 6 tons per square inch is allowed, the final area at the crown 

will be 67.5 square inches ; and if 4 tons, the area will be 101.25 

square inches, neither of which results agrees with the area 

actually used. 

It will be observed, moreover, that “B. B.” advises that the 
sectional area of a rib should increase from the crown to the 
haunch, where it will be greatest, and thence diminish to the 
springing, where it will be least; this does not appear to be the 
case with the ribs of the Severn Bridge, which increase gradually 
from 154 square inches at the crown to 168 square inches at the 
springing. 

As regards the question, what is a fair strain to allow per 
7 inch in a cast-iron arch? I may quote Mr, Shields, 
M. Inst. C.E., to the effect that, “In the apportionment of iron 
** to meet the strain or thrust of an arch, it is usual among engi- 
“* neers to allow about 23 tons of thrust or pressure to each sec- 
“ tional inch of cast iron, and 4 tons of pressure to each sectional 
“ inch of wrought iron.” 

July 24, 1866. C. 


area at the centre is to be a mean between the two, 
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Tae Amazon.—Mr. Samuda, the shipbuilder, and an eminent 
critic in all matters of naval architecture in the House of 
Commons, put his question to Sir John Pakington on Monday 
evening, ‘how it had happened that the Amazon war steamer, 
apparently built with the view to be used as a ram, should have 
caused her own destruction by striking a vessel in a smooth sea, 
that vessel being smaller than herself, and not built with any 
powers of resistance beyond those ordinarily adopted in merchant 
vessels; and if the Amazon was not intended to be used asa 
ram, to explain why the cutwater was constructed in a form 
only to be justified if it were intended to be so used.” Sir J. 
Pakington said, “ With regard to the construction of the bow, I 
am informed by the Controller of the Navy that the Amazon 
was a vessel of peculiar construction, and that it was never in- 
tended that she should be used as a ram. With respect to the 
remaining part of the question—why, if she were not intended 
to be used as a ram, her bow was built in the shape referred to 
—the explanation is that that shape was adopted with a view to 
finer lines and greater buoyancy to bear the weight of {the bow- 
gun.” 

SreaM Roiiers ror Broken Stone PAvements.—Why 
steam has not been employed in London, as in Paris, for rolling 
down the rough newly macadamised roads is a wonder. The roller, 
drawn by a heavy traction engine, is about to be employed in 
the park of Mr. Hanbury, at Belvidere. Lord John Manners, 
as the First Commissioner of Works, has replied to a question in 
the House of Commons, that he is considering the feasibility of in- 
troducing the steam roller upon the roads of our public parks. 
We trust his consideration may convince him both of the entire 
— of, and pressing necessity for, the adoption of steam 
rollers. 

An American Tour.—Mr. William Haywood, the engineer 
to the Corporation of the City of London, sails to-morrow for 
America, where he will spend a few weeks. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tue Manchester meeting, as was to have been ex- 
pected, has been very fully attended. Mr. Whitworth, 
who is now the president for the third time, was sup- 

orted by Mr. Robert Napier, Mr. John Penn, and 
Mr. Willigm Fairbairn, as past presidents, and probably 
one-third of the whole number of members were pre- 
sent. The meetings for the reading of papers were 
held in the Mechanics’ Institute, David-street, on 
Tuesday and Wednesday mornings, while the after- 
noons were occupied by the usual excursions and local 
visits to engineering and manufacturing establishments. 
Yesterday (Thursday) was devoted to an excursion to 
Oldham, including Messrs. Platt Brothers’ vast ma- 
chine-making establishment and some of the principal 
cotton factories. To-day (Friday) most of the mem- 
bers who were present at the meetings will, by the in- 
vitation of the president—extended, of course, to all 
the members—visit his residence, Stancliff Hall, in 
Derbyshire. 

The papers, as is usual at the annual provincial 
meetings of the Institution, were devoted to subjects 
of more or less local as well as general interest. Thus, 
the president contributed a paper on his instrument 
for measuring the progressive enlargement of the bore 
of guns by firing. Mr. Ramsbottom had prepared two 
papers, one upon, his new reversible rolling-mill at 
Crewe, the other upon the manufacture of Bessemer 
steel tyres at the London and North-Western Com- 
pany’s steel works; Mr. E. B. Marten, of Stourbridge, 
supplied a long and very fully illustrated paper upon 
steam-boiler explosions and their records, and on in- 
spection as‘a means of prevention; Mr. Platt gave a 
paper on machinery for the preparing and spinning of 
cotton ; Mr. Bateman described thé*Manchester Water- 
works ; and Mr. Fairbairn described an interesting ope- 
ration, that of the removal of and placing in a new 
position the iron columns of a cotton-mill. 


THE ENLARGEMENT TEST FOR ORDNANCE. 

Mr. Whitworth’s (the president’s) paper expressed 
the opinion that the “ best” proportion of a solid pro- 
jectile was three diameters in length, and that a gun 
would properly consume a powder charge one-seventh 
of the weight of the shot. Why these arbitrary pro- 
portions were best was not explained, yet Mr. Whit- 
worth applied them to the 13.3 in. gun, which, he said, 
should throw a 990 1b. shot, and consume 141 Ib. of 
powder, while the American 15 in. guns should throw 
a 1522 lb. shot, and consume 217 |b. of powder. Be- 
cause neither of these guns could bear anything like 
such charges, their bores were pronounced “ too 
large,” and the guns themselves were “ inefficient.” 
These conclusions, or rather broad assertions, were 
not perhaps strictly covered by the title of the 

aper, and they were undouotedly open to dispute. 
t will, we think, be generally agreed that the effi- 
ciency of guns ell Te measured by the total de- 
structive power which they can exert without injury 
to themselves; and we very much doubt whether, of 
two guns of the same weight, and firing the same 
owder charge and weight of shot, that with a small 
Se and long projectile would withstand as many 
rounds as the larger bore worked at a lower initial 
pressure and giving more room for the due expansion 
of the powder gases. Butto omg to the measuring 
instrument. It was designed by Mr. Whitworth, in 
1864, to ascertain the enlargement of the bore of 
the 70 pounder gun arg | the competitive trials of 
the special committee at S ee the primary 
object being to test the amount of charge which any 
particular gun would bear without injurious disturb- 
ance of its parts. The instrument is simple enough, 
and consists of two tubes, one within the other, and 
both rather longer than the bore of the gun. To the 
inner end of the outer tube is attached a brass head 
with three arms, having each a groove upon its face, 
within which grooves radial steel “ feelers” are set 
out to the exact diameter of the gun by means ofa screw 
of fine pitch on the inner tube, and which draws in a cone 
which sets out the “feelers.” An index pointer on 
the inner tube moves in a slot cut in the outer end 
of the outer tube, and by the position of this pointer 
the exact gauge of the gun is read off. The tubular 
measuringeod is supported within the muzzle of the 
gun by a grooved brass pulley, so that it can be moved 
freely backwards and forwards in the bore. The in- 
strument would indicate to within the one ten-thou- 
sandth of an inch at any part of the bore. The exact 
measure of the bore at the middle of the length of the 
powder charge and at the middle of the length of the 
projectile were ascertained before commencing to prove 





a gun, and also after each successive charge, com- 
mencing with a somewhat small charge. As was: to 
be expected, a small enlargement was found to take 
place with ordinary service charges, and irrespective 
of the decided enlargement due to overcharges. In 
the case of the 70 pounder gun, the measurements, 
taken during the firing of nearly 3000 rounds, 
showed that the bore enlarged regularly with suc- 
cessive charges of 10 1b. of powder and a 70 lb. shot, 
and this chiguein was attributed to the wear of 
the chamber of the gun by the action of the powder. 
In the first 2886 rounds the enlargement of the dia- 
meter was 0.0198 in. In the next 50 rounds—20 of 
them having been fired with 1401b. shot and 20 with 
280 lb. shot—the further enlargement was 0.017 in., 
showing that nearly as much enlargement was caused 
by these 50 rounds as by the previous 2886 rounds. 
The last 15 rounds—fired with shot of from 350 Ib. to 
490 lb., and five of them with an increased powder 
charge of 15 lb.—produced a further enlargement 
nearly equal to that of the 2886 rounds. The instru- 
ment thus afforded the same means of carrying out 
the test of guns as are now adopted in the testing of 
girders, in which the effect due to the test loads is 
observed, and the permanent set noted. One curious 
result stated was, that Mr. Whitworth had fired 
charges with 12 in. air space between the powder and 
shot, and without bursting the gun. It was en- 
larged, however, exactly at the base of the shot, 
where the force of the explosive gases was suddenly 
arrested in an accumulating wave of pressure. The 
same gun was next fired with 1 in. more of air space, 
or with 13 in. between the powder and the shot; and 
here again the gun was bulged exactly at the base of 
the shot, or rather at that point, 2 in. from the base, 
where the full diameter of the well-known Whitworth 
70 lb. projectile is reached. And between the distinct 
bulge due to the 12in. air space and that due to 
13 mm. the intervening inch along the bore of the gun 
was found to be parallel. Mr. Whitworth has begun 
to vent his guns with platinum, and this has stood 4000 
rounds, whereas the copper vents required to be re- 
placed after only 200 rounds. 


Tue Reversinc Rone Mitt at Crewe. 


The next paper, by Mr. Ramsbottom, of Crewe, 
described his reversing rolling mill at the London 
and North-Western Railway Company’s steel works 
there. This mill, which had been at work about seven 
months, was constructed after an idea suggested by 
Mr. Nasmyth about fourteen years ago: This idea 
was to dispense altogether with the fly-wheel, and to 
make the boiler the reservoir of power, and thus by 
reversing the engines to reverse the rolls at will, 
and without strain. The rolling-mill which was 
seen by the members during their visit to Crewe, 
on Tuesday afternoon, consisted of a pair of rough- 
ing rolls and a pair of finishing rolls, 24 in. in diameter 
and 6 ft. 10in. long, driven by a pair of horizontal 
direct-acting high-pressure engines of 28 in. cylinder 
and 4ft. stroke, the engines making 34 revolutions 
to one of the rolls, the speed of the piston being four 
times that of the surface of the alla The engines 
have balanced steam valves, and are reversed by hy- 
draulic power without shutting off the steam, and they 
are so completely under control that they have been 
reversed seventy-three times in one minute, or succes- 
sively at a continuous rate of one reversal in less than 
one second of time. The reversing shaft is connected 
by links to a hydraulic piston 4in. in diameter and 
of 124 in. stroke. The water, under the pressure of the 
accumulator, is admitted upon this piston by means of 
a small slide valve, worked by a shaft and hand lever, 
the latter so placed that the attendant is in full view 
of the mill, and can see the proper moment for revers- 
ing. ‘The rolls are thus reversed at each pass of the 
pile through the rolls, and the steel is alternately 
rolled first in one and then in the other direction. 
This saves lifting over the pile at each pass, although 
this, in itself, is not at all new, as there are now many 
reversing plate-mills in which the rolls are reversed by 
a clutch, at each pass. Such is the plate mill at 
Messrs. W. H. and G. Dawes’s works at Elsecar, 
from which the first armour-plate mill at Messrs. John 
Brown and Co.’s, at Sheffield, was copied. Something 
of this kind exists also, we believe, at the Shelton Bar 
Ironworks, near Stoke-upon-Trent, this mill having 
been built some years ago by the Haigh Foundry 
Company, who, by the way, were the makers of the 
engines which drive the new plate mill at Crewe. The 
question was raised in the discussion, whether the 
quality of the iron was impaired by being alternately 
rolled in opposite directions, but no fact was adduced 
to show that this was the case. There are several 


other peculiarities of the new rolling mill. The rolls 
are driven through a friction coupling of simple construc- 
tion, which, in the event of any obstruction, admits of the 
rolls stopping while the engine runs on. This coupling 
is packed with wood, with the grain radial to the shaft. 
The journals of the rollers are lubricated with oil or 
tallow, and not with water as is usual. The rolls are 
set down, at each pass, by hydraulic machinery, 
the screws at both ends of each top roll being 

eared together, and thus worked simultaneously. 
t was questioned, in the course of the discussion, 
whether this was desirable, especially in cases where 
one side of the pile was higher than the other, either 
in the original piling or from one side being burnt 
down in the furnace. Mr. Ramsbottom, however, had 
found no vpn in coupling the screws, and he 
significantly suggested that, if any trouble was found 
from piles of unequal thickness, it would be better 
“to change the man,” and not the machine. The total 
extent of the lowering motion of the top roll is 34 in., 
while the hydraulic ram and chains which work the 
gearing for screwing down have a motion twenty-one 
times greater, or a little more than 6ft. The slabs 
are brought down from the full thickness of the pile 
to the right thickness for a locomotive frame bar in 
eleven passes, requiring, of course, ten reversals. The 
spur wheels which work the screws are of large dia- 
meter, and by making a chalk mark upon one of these 
wheels, and stopping this, at each rolling, opposite a 
fixed point, the exact final distance or gauge of the 
plate or slab may be, and is, determined with great ac- 
curacy. There is besides, however, an index finger 
attached to the ram to guide the attendant, the indica- 
tions of this finger being magnified twenty-one times 
as compared with the vertical motion of the screws. 
There is a system of bent levers also for lifting the 
pile into the roughing rolls. 1 


Borter Exriosions anp Bolter Insrrerion. 


Mr. E. B. Marten, the engineer to the -Midland 
Boiler Association, contributed a long paper, to which 
was added an appendix of tables upon Steam Boiler 
Explosions and their records, and on Inspection as a 
Means of Prevention. This paper on its reading a 
peared too long and too elementary, and, indeed, the 
reading of its concluding portion was adjourned until 
Wednesday morning. But, of all the papers read, it 
led to the longest and best-sustained discussion. Mr. 
Marten dwelt at some length upon the want of suffi- 
cient experience and the errors committed by our fore- 
fathers in engineering, and referred to the explosion of 
one of Woolf’s cast-iron pipe boilers in London, in 
1815, and to the inquiry of a parliamentary committee 
into the whole subject of boiler explosions in 1817. 
That committee recommended wrought-iron in place of 
copper and cast-iron boilers, of which so many were 
then in use. They recommended that boilers should 
be tested and periodically inspected, which is what we 
are still urging, in many cases in vain, after fifty years 
of additional experience and observation. They re- 
commended that every boiler should be fitted with two 
safety valves working to one-third only of the test 

ressure. Mr. Marten then stated that he had col- 
ected records of 1046 boiler explosions which had 
happened (in the United Kingdom only, we presume 
he meant) since the beginning of the present century. 
We do not ourselves believe that this is one-half the 
number that have occurred, the present regular annual 
rate being upwards of fifty, while twice that number 
explode annually in the States. Of these 1046 ex- 
plosions, however, Mr. Marten had collected and re- 
corded the places where the explosions occurred, the 
names of the owners of the boilers, and the alleged or 
probable cause of most of the explosions, although 
397 explosions were set down under the head of “ un- 
certain.” Jn one case a boiler actually collapsed under 
the pressure of the atmosphere, the steam pressure 
being only a very few pounds above a vacuum. Mr. 
Marten glanced at the various theories of the causes 
of boiler explosions, merely to reject the explanation 
by the decomposition of gases, by superheating the 
steam above the water, &c., and considered that all 
explosions were due to “ over-pressure,” which term 
was ified as meaning any pressure above the 
strength of the boiler at the time of explosion, in 
which sense the usual working pressure might be an 
over-pressure, if the boiler had been imperfectly made 
originally, or had sustained injury from neglect or 
other cause. Thus the causes 0 "all boiler explosions 
were referred either to faults in the fabric cf the 
boiler, or to mischief from wear and tear, shortness of 
water, corrosion, flaws, fractures, &c. We shall not 
follow Mr. Marten’s analysis of the defects of the older 





forms of boilers, the cast-iron boiler, the wagon boiler, 
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&c., although we might devote a good deal of space to 
his criticism of the balloon or haystack boiler, and 
others used in ironworks, and set generally in the 
midst of the workmen. Balloon boilers had been made 
20 ft. in diameter, and there were others of this con- 
struction which, although 12 ft. 1o 15 ft. in diameter, 
had been made without vertical stays to tie the top 
and bottom together. The collection of models and 
drawings accompanying the paper was remarkably 
full, but the particulars of explosions and their causes 
were generally the same as those with which the 
periodical reports of the various boiler associations 
have now familiarised us. In connexion with long 
boilers, 70 ft. to 80 ft. long—and Mr. Marten might 
have referred to cylindrical boilers 102 ft. long— 
fired externally, and which had been known to break 
their backs by the unequal expansion of their top 
and bottom sides, he mentioned ring boilers, in 
which a shell, 5 ft. in diameter, was formed as a ring 
of 25 ft. outside diameter, or of a mean length, around 
the centre line of the ring, of 63 ft. No form of boiler 
was especially recommended, nor was any example 
given of improved construction in boilers ; and nothing 
was. said, we believe, of the materials of boilers, and 
very little as to the mechanical details of their con- 
struction. Yet Mr. Marten’s paper was very warmly 
received, especially the suggestion that the Institution 
of Mechanical Engineers should seek to collect further 
and consecutive records of explosions and their causes. 
Mr. Olrick spoke first, in his usual animated manner, 
in defence of the Field boiler, which had caught a 
“rub” from Mr. Marten because of its small water- 
carrying capacity. Then came Mr. Bramwell, who 
spoke well, as he always does, but who hinted at the 
incompleteness of the paper, long as it was, and 
who recommended that land boilers should be 
covered with sand to keep in the heat, this per- 
mitting, he said, of the condensed steam from leak- 
ages being re-evaporated, and always being easily 
removed if access were required to the plates. Mr. 
Maudslay followed, urging the importance of the sub- 
ject upon the Institution. Mr. Fairbairn spoke at some 
feat He had been the first to introduce the two- 
flued Lancashire boiler, which had worked well, and ever 
since he had done so higher pressures had been coming 
into use. He had paid increasing attention to the 


causes of explosions, and he had given much of his time 
gratuitously, during the last ten years, to the Man- 
chester Association for the Prevention of Steam Boiler 
Explosions, an institution which had a 


excellent results, only three or four explosions having 
happened among the many hundreds of boilers always 
under its care. He urged the importance of the whole 
subject upon the score of humanity, more than 500 
yersons having been killed by boiler explosions in the 
Dnited Kingdom since the formation of the Manches- 
ter Boiler Association, while perhaps twice that 
number had been more or less injured from the same 
cause. Lieut.-Col. Kennedy aided his testimony to 
the great importance of the subject, and Mr. J. McFar- 
lane Gray instanced an interesting case, in which it 
appeared that a boiler exploded solely in con- 
sequence of the safety-valve weights, which were 
hung upon a spindle on the under side of 
the valve and within the boiler, having acci- 
dentally dropped off. But the best of all the 
observations were those of Mr. L. E. Fletcher, 
the engineer to the Manchester Boiler Association, 
not the Boiler Insurance Association. He summed up 
all the causes of boiler explosions in one word— 
neglect, neglect either by the boiler-maker, the owner, 
or the man in charge.’ There was no moonshine, no 
mystery, in boiler explosions. In almost every case the 


cause could be clearly accounted for ; and where it could | 


not be, it was because the evidence had been destroyed 


by the explosion itself, and not that the cause was in 
Mr. Galloway called atten- | 


its nature unaccountable. 
tion to the strength given to the flues, and to the im- 
proved circulation secured by Galloway’s conical tubes; 
and although he did not say so, we believe that there 


are literally thousands of these now working in Lanca- | 


shire, and with the best results. We anticipate from 
the general result of the discussion that the Institu- 
tion of Mechanical Engineers will yet interest itself, in 
its official capacity, to lessen, it possible, the frequency 
of boiler explosions by promoting a more general 
system of inspection. 

Tue Excursion to Crewe. 

On Tuesday afternoon a large party of the members 
left Manchester, in a special train, tor Crewe, where 
Mr. Ramsbottom took them over the steel works, of 
which nearly every part was in operation. These 
works are on the Chester line, nearly a mile north- 
west of the locomotive works. They comprise four 
Bessemer converters of 5 tons each, which make 


from 12 to 14 casts per day, or, say, 320 tons of ingots 
weekly, of which much the larger portion is rolled 
into rails. The converters are blown at 18 |b. pres- 
sure per square inch, by a pair of horizontal blowing 
engines, by Messrs. Hick, of Bolton. These engines 
are a very fine job, but despite their broad cross-head 
guides, and the additional guide behind the cylinder, 
they should have been vertical. They have 36 in. 
steam cylinders and 54 in. blowing cylinders, the latter 
behind the steam cylinders, or furthest from the crank. 
The stroke of the steam and blowing pistons, both on 
the same rod, is 5ft. The engines are worked with 
50 lb. steam, and ordinarily run at 23 revolutions 
per minute. They have, however, been run at 
26 revolutions when supplying blast at a pressure 
of 20 lb. per square inch. The converters run with 
a single ganister lining from 90 to 120 rounds, 
corresponding to from 450 to 600 tons of steel. 
The rail ingots are heated and powerfully com- 
pressed by being passed through the great “ cogging 
machine,” which we deseribed in an early number of 
our last volume, and are then reheated and rolled out 
in the usual manner. Large numbers of 5 ft. tyres 
are now made for the goods engines; but we shall 
presently give an abstract of Mr. Ramsbottom’s paper, 
read at Manchester, upon the manufacture of steel 
tyres at Crewe, and we need not, therefore, anticipate 
it by a description here. The tyre ingots, we may 
note, are hammered by Mr. Ramsbottom’s duplex 
hammer, having two rolling tups, each of 10 tons, 
striking horizontally. Another duplex hammer, made 
by Messrs. Thwaites and Carbutt, of Bradford, and 
upon Mr. Ramsbottom’s patent, is now nearly ready 
for work. It has two rolling tups of 30 tons each, 
striking horizontally. Instead of a single steam 
cylinder below the hammer, a 38 in. steam cylinder is 
placed horizontally behind each tup, the extreme 
stroke of each tup being 34 ft., or 7 ft. for both. The 
present 10 ton duplex hammer may be worked to 
sixty strokes per minute, and we presume the heavier 
hammer, which will soon be at work, will work at half 
that speed, even upon the full stroke of 34 ft. to each 
tup. The entire weight of the new hammer, which 
has no anvil blocks nor heavy foundations, will be 
about 120 tons. 

The blowing of the converters was, as all know who 
have seen it, a splendid sight. It was a matter of 
regret that Mr. Riese himself, whose genius has 
worked such a change in the conversion of steel, was 
not present. No one appeared to take more interest 
in the process than Mr. Penn, and, in paying a 
deserved tribute of praise to Mr. Ramsbottom, on the 
occasion of the dinner, on Wednesday evening, he 
mentioned that it had been his first visit to Crewe. 
With almost every one else, he could but express his 
wonder at the extent, the variety, and especially the 
novelty of the machinery and appliances in use there. 
In no other works, probably, is hydraulic power so 
generally and variously applied to the movement of 
weights. A little double-eylinder engine, with a set 
of tour throw pumps on the crank-shatt, pumps water 
into an accumulator under a pressure of 360 lb. per 
square inch, a pressure but from one-half to one- 
fourth that adopted by Sir William Armstrong. These 
engines and pumps are started and stopped by the 
descending and ascending motions of the loaded ram. 
They start off of themselves at the moment when the 
weight begins to fall, and keep on until it is again 
lifted to its full height. The water under pressure is 
used everywhere. It tips the converters, swings the 
radial ladle, brings down the top roll of the great 
cogging-machine, reverses the plate-mill, and in many 
ways performs what would otherwise be the severe 
nae drudgery of the place. 

The locomotive works were duly visited also, and it 
may be added that a new repairing-shop for 36 engines, 
and so far occupied only for the repairs of six-wheel 
| goods engines, has been in work fora few months, ad- 
| joining the steel works. This extensive establishment 
in itself is lofty and light, and fitted with. excellent 
overhead travellers. ‘The whole place is but a part, a 
third we believe, of an entirely distinct branch of the 
old works, a branch ultimately to accommodate one 
| hundred engines under repair at a time. The present 
stock of the London and North-Western Railway 
numbers nearly 1400 engines, and is likely to increase, 
within the next ten years, to nearly or quite 2000, and 
it is with reference to such a stock that the new works 
are necessarily planned. 





On Corton Macuinery. 

Mr. John Platt, M.P., contributed a paper upon 
machinery for the preparation and spinning of cotton, 
which was read on Wednesday morning, atter the dis- 
cussion of Mr. Marten’s paper had been concluded. 
This paper did not touch upon any recent improve- 








ments, but was chiefly historical and, at the conclusion, 
statistical. Yet it was interesting. It traced Ark- 
wright’s early improvements—his spinning-frame and 
his further improvements of 1775. These were the 
doffer and the mode of taking off a fleece of cotton 
from it, the improvements comprising together the 
principal features of the carding engine now in use. 
Arkwright invented the drawing-frame, at about the 
same time, to give strength to the roving, and he 
added the roving-frame to prepare the slivers for spin- 
ning. The paper described the willow, named from the 
arrangement of baskets and switches whereby the cotton 
was previously beaten by hand, a mode of treatment 
still followed for the finest qualities of Sea Island 
cotton for fine thread. The scutching and opening 
machine was introduced in 1810. Buchanan and 
Bodmer subsequently endeavoured to introduce self- 
stripping apparatus for carding engines ; but this 
gained no general adoption in the trade. Smith, of 
Deanston, introduced metal flaps; Evan Leigh improved 
upon these; and more lately George Wellman, of 
Lowell, U.S., had perfected the self-stripping appa- 
ratus now in such general use. In the drawing-frame 
the roller supports had long since been made so that 
the rollers could be adjusted to different lengths of 
staple, and the stop motion had been added to provide 
for the breaking of a sliver. Of the four pairs of 
rollers, the delivering roll went six times faster than 
the receiving roll, and six slivers were drawn into 
one of the same weight but, of course, of far greater 
uniformity. The improvements in the slubbing-frame 
were also noted. The history of the mule was carried 
back to Crompton’s improvements in 1779. Richard 
Roberts’s dialer mule was characterised as 
“one of the most beautiful mechanical struc- 
“tures which had yet been given to the world.” 
The motions of the mule, backing off, winding 
on, &c., were very clearly described, the illustra- 
tions being very numerous. Mules, it was stated, 
were now made with 1000 spindles each, and of which 
a pair required the attendance of but one man and two 
boys. These mules would occupy a space of 116 ft. 
by 10 ft. only, and would turn out 45,000 hanks of 
840 yards each per week of sixty hours, equal to 
21,000 miles of yarn. These mules made from 3 to 
34 draws of 5 ft. each per minute, the rim band ran 
30 miles an hour, and the 5?in. driving strap ran 
1600 ft. per minute. Here, it will be seen, the paper 
became highly statistical ; but the statistics are worth 
recording. The cost of a modern cotton mill, includ- 
ing building, steam engine and boilers, shafting, iron 
beams, and wooden floors, was given as 18s. per 
spindle for mules spinning 36’s counts. During the 
recent cotton famine, mills had been put up for’ 15s. 
per spindle. In 1760 the value of one pound of 42’s 
yarn was 10s. 11d. In 1860 it was lld. The value 
of 100’s counts was, in 1760, 38s. 6d., and now Qs. 6d. 
There were now 36,000,000 spindles in Great Britain, 
and, averaging these as working on 36’s twist, each 
spindle would turn off 224 hanks of 840 yards per 
week, equal to 64,000,000 miles a day, or to a distance 
of four times round the earth every minute! Mr. 
Fothergill informed the meeting that he had become 
possessed of Arkwright’s original spinning-machine, 
cardiig-engine, and drawing-frame, and that these 
were now in the South Kensington Museum. Paul 
was, however, the original inventor of spinning by 
drawing-rollers. His specification had been disarranged 
in the Rolls Chapel, and Mr. Woodcroft had found, 
some time since, that the parchment containing Paul’s 
drawings of his rolls had been misplaced in another 
specification. This had been now corrected, and Paul 
was the acknowledged inventor of spinning by drawing- 
rollers. He was also the first to employ revolving 
cards, all before his time having worked on the flat 
surface, like hand cards. During the discussion Mr. 
Platt, Mr. Fothergill, and Mr. Fairbairn acknowledged, 
in the most distinct terms, the great. services conferred 
by the late Mr. Roberts upon the cotton manufacture 
of Great Britain, and Mr. Platt observed that the self- 
acting mule was still the same in its essential parts as 
Mr. Roberts had designed it between thirty and forty 
years ago. 
Corton Mitt EnGIneErine. 

Mr. Fairbairn’s paper upon the means employed for 
removing and replacing in a new position the iron 
columns of a cotton mill, described a bold and _per- 
fectly successful operation. The account was prefaced 
with a brief but interesting notice of the changes in 
the requirements of modern cotton mills as compared 
with those of some years ago. Then 45 ft. was the 
usual and, as it was considered, the proper width of a 
mill. Now, with self-acting mules of from 800 to 
1000 spindles each, their length, standing as they 
generally do across the width of the mill, required 
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widths of 90 ft. to 100 ft. and even 110 ft. 
mills could be adapted to long mules, placed length- 
wise of the mill, but this generally required some 
alteration of the position of the columns, and this 
alteration could be made with comparative ease where 
the floors were of wood. Messrs. McConneland Co.’s 
mill in Union-street, Ancoats, was only 49 ft. wide, but 
it was eight stories high for a length of 160 ft. on the 
canal. Its width was divided by two rows of cast- 
iron columns, 15 ft. apart one way and 9 ft. 3in. apart 
along the lengti of the mill, the floors being of iron 
beams and brick arches. In order to effect a re-ar- 
rangement of the mules, one row of columns in each 
of the six upper stories had to be cut away and re- 
moved, and this required to be done withoutthe stoppage 
of any of the machinery, beyond a single pair of mules 
during the actual cutting and removal of the. columns 
next them, although from 90 to 100 tons of arched floors 
and machinery were carried upon the lower columns, A 
wrought-iron girder was placed longitudinally beneath 
the lowest of the floors in which the row of .columns 
required to be moved to one side, and they were not 
disturbed at all in the two lower floors. Before the re- 
moval of the old columns could take place, new ones had 
to be fixed, and all the rooms made seeure from bottom 
to top. . This would have been a comparatively easy 
task if, the new columns had gone down to the bottom 
of the foundations, but that was impracticable, as the 
two hottom rooms, which contained the preparation 
machinery, were not to be disturbed. The base of the 
new line of columns was therefore supported from.the 
room above the ground floor, so as not to interfere 
with the machinery below. Strong wrought-iron. hol- 
low beams were fixed immediately under the cast-iron 
wall beams at certain points, and upon these. was 
raised the new line of columns through six floors to 
the top of the mill. One end of each beam was fixed 
in the wall.and the other on a casting which embraced. 
the columns, and transmitted the weight of the super- 
incumbent arches on to those below. The new columns 
having thus been fixed in their places, the next process 
was to,place a temporary prop under the middle 
beam, for the support of the arch above, and,: to 
give room for cutting out the columns before the loose 
end of, the bracket could be attached for its final sup- 
port,. By this means, instead of having to support 
the arehes of two bays from top to bottom of the mill, 
only those of one floor were supported at one time, 
and thus, in succession, the entire line of the old 
columns was cut and removed. In this way, working 
down from the top storey, the whole of the floors were 
placed:on new foundations. 


Tue Manvracture or Steet Tyres. 

Mr. Ramsbottom’s second paper was one of much 
interest, descriptive of a new manufacture by a system 
of completely new machinery. An object in commenc- 
ing the manufacture of tyres was to diminish the waste 
as much as possible, so that its amount: should forman 
insignificant item in the cost of production. _ It was an 
object also to lessen the time of making tyres, so that 
a given plant should turn out a greater quantity in a 
given time. The tyres thus far made were 5 ft. in 
diameter, for the goods engines only, and for each, of 
these the ingot was poured into a conical mould, 22 in. 
in diameter at the base, 22 in. high, and having its apex 
cut off at 6in. in diameter. The cast-iron ingot mould 
is made in two parts, and is so formed as to lessen 
the liability of cracking. The bottom is 4 in. thick at 
the centre, and upon it is laid a lump of fire-clay, to 
prevent injury from the steel are full upon it. ‘The 
upper part of the ingot mould is held down by its own 
weight, and when the ingot is poured the top is covered 
by a thin plate and a ‘little wet sand to ney the 
metal from rising and boiling. The conical ingot was 
suggested by Captain Webb, late Mr. Ramsbottom’s 
principal assistant, and who is now, we may add, en- 
gaged with the Bolton Steel Company. As soon as 
the ingot is set, it is taken from the mould, heated, and 
hammered by the 10 ton duplex. hammer, being struck 
both laterally and vertically, so as to consolidate it in 
all directions, and it is thus brought down to a lump 
or disc 9in. thick. The ingot is supported, while 
being hammered, upon a cariage which can be ad- 
justed to the required position of the ingot; and 
as the latter enlarges in diameter under the hammer, 
it is lowered with its carriage, so as to keep its 
centre opposite the full face of the hammer, When 
reduced to a dise 22 in. in diameter and 9 in. thick, 
the ingot is heated and placed under a conical punch, 
on the lower face of a vertical steam hammer, having 
a head of 6 tons weight. This punch is 17 in. high 
and.12 in. in diameter where it joins the hammer face, 
tapering thence nearly to.a point below. The original 
waste of the ingot is very little from its very small 
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upper surface exposed to the air; the centre of it is 
unched out, and whatever slight unsoundness might 
ve o¢eurred in the casting is, in any case, confined 
40 the inner portion of the tyre, while also it under- 
goes a great amount of working, as will presently be 
seen. Under the action of the conical punch, the 
bloom, as we may now call it, is enlarged to 31 in. in 
diameter, and reduced to 5}in. thickness, the centre 
hole being 11 in. in diameter. The anvil block is made 
with a cavity to receive the punch as it comes through; 
but while it is not yet down, a steel ring is placed in 
this cavity to support the bloom, and to prevent its 
lower side from being dished. A swing frame is em- 
ployed whereby the bloom may be readily turned over, 
so that the punching and distending action may pro- 
ceed alternately and equally from opposite sides. Next 
the bloom is placed upon an phe having its face 
inclined 20° from the vertical, and having a beck iron 
projecting from this face. The bloom is hung over 
this beck and hammered upon the tread of the tyre, 
whereby it takes a form approaching that of the final 
flanged section, one edge being thicker than the other. 
This hammering enlarges the central hole, and the 
bloom is again hammered on the flat to bring its 
thickness to 54in. It is thus brought into a hoop of 
34in, external and 19 in. internal diameter, when it 
is heated and finished upon the rolling-machine 
originally introduced by Mr. Peter: Rothwell Jackson. 
The tyre is rolled outside and inside,. and without 
altering its width, in 5} minutes, and at a single heat. 
The whole operation of making a tyre from the ingot is 
ayroure in four heats, viz., one heat for hammering 
by the-duplex hammer, one heat. for the punching, 
one for edge-hammering upon the beck-jron, and one 
for rolling. It is expected by a new mode of opening 
out the interior hole, as lately. illustrated in 
Encrngenrine, that this operation, which now occupies 
eighteen minutes, will be performed-in, two, and that 
one heat will be saved, the bloom neyer being off a red 
heat from the time it leaves the ingot mould till it be- 
comes a finished tyre. In one instance the steel for six 
tyres was poured at 6h. 5m. a.M., and the first tyre 
was finished at 10.15 and the last at 11.17 a.m., or 
5h. 12m. for the six. The waste in punching out 
the hole is very trifling. The waste by burning, &c., 
is but little also, an 8 cwt. ingot, making a tyre of 
7 ewt. 1 qr., giving 8} per cent. of loss. One of the 
5 ft. tyres was shown at Crewe hammered, up into a 
figure of 8, and broken open at one point. This tyre 
withstood, before breaking, nine blows from a weight 
of 21dewt., or 2408 1b., falling from a height of 
93 ft. 6in. Mr. Ramsbottom had sought absolute 
safety, in preference to hardness and great durability ; 
and he made no comparison, in the latter respect, with 
Krupp’s tyres; nor, although he expressed himself 
quite satisfied with the commercial results of steel tyre 
making at Crewe, was he at liberty to give any par- 
ticulars as to cost. As to safety, the steel tyre was, 
in his opinion, beyond comparison with the best 
welded wrought-iron tyres. In one case a slightly de- 
fective tyre bloom was worked out to ascertain what 
strain it would bear when finished. It was first 
blocked: -with segments and a wedge without altering 
its size in the least. It was afterwards heated to a 
bright red, placed upon a cast-iron cylinder which it 
just fitted, and was then quickly cooled. The tyre 
stretched 3in. under this ordeal, without exhibiting 
any flaw. We believe that Mr. Ramsbottom has not yet 
used steel tyres under his passenger engines, nor has 
he made them for carriage or wagon stock. 


Tur MancuEstER WATERWORKS. 


Mr. Bateman’s paper upon the works for the supply 
of Manchester with water concluded the list. Mr. 
Bateman is not a member of the Institution, and his 
paper was communicated through Mr. Fairbairn. Until 
the introduction of the present water supply into Man- 
chester, in 1850, the city had drawn its water from the 
district immediately in the neighbourhood. The drain- 
age ground of the present works, which were com- 
menced in 1848, lies about midway. between Manches- 
ter and Sheffield, and includes about 19,000 acres, of 
which the most elevated portion is 1800 ft. above the 
sea and from 1200 to 1300 ft. above the valleys. The 
water which is brought from,the river Etherow, which 
divides Derby and Chester, is very pure, fully equal to 
that supplied to Glasgow from Loch Katrine, its hard- 
ness varying from 1} to 2} degrees by Dr. Clark’s 
scale. Muc of the water comes from. springs; but the 
rainfall averages also 50 in. a year,,of which about 
40 in. are collected, the lowest. quantity in dry years 
being 33 in. The quantity now supplied to Manchester 
is 13 million gallons daily, besides 13 million more 
supplied as compensation to mill-streams, &c. 
further average daily supply of 13 millions is avail- 


able, if required. 
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The spring water and storm 
water are separated by a shooting weir, with a deep 
channel just beneath its front. edge. With an 
ordinary supply, the water falls into this channel. 
In times of flood, however, the onward force of 
the turbid water being greater from the greater height 
of overflow, it shoots clear over and rushes down a 
series of masonry steps. In the valley of Longdendale 
are five reservoirs, of which the nearest is 13 miles 
from Manchester. One.of these, the Forside, has an 
area of 160 acres and an embankment 100 ft. high, and 
it holds 236 million cubic feet. A tunnel beneath the 
Mottram ridge is 3000 yards long. ‘The water arrives 
at Godley reservoir, 314 ft. above the centre of the city, 
and is brought thence, through 40 in. pipes, to Denton, 
163 ft. above the centre of the city. 

The mechanical appliances of the Manchester Water- 
works, although no longer new, are interesting. The 
large sluice-valves in the mains are readily opened by 
one man, whereas formerly it would have required half 
a dozen to open even a 2 ft. valve, under considerable 
pressure. ‘The improvement made, as is well known, 
upon these valves consisted of dividing their area into 
two or three compartments, and in opening one of these 
at first andthe other or others afterwards. The self- 
closing valves placed in the mains were of much service 
in the early stages of the works, These are. balls of 
gutta percha, which, when the main is full of water, 
rise to its upper interior surface, where they close each 
an air-opening.. As air collects in the higher bends, 
these ball valves fall and release it. At the foot of the 
hills over which the pipes are taken: reflux valves are 
placed, so that while they admit of the ready passage of 
the water in the proper direction, they mem F instantly 
close in case the flow should from any cause. cease, 
the closing pressure being that of the water in the mains 
on the side of the valve towards Manchester, the mains, 
in the cases referred to, rising from the reflux valves 
over an intervening elevation on the way to the city. 
The self-closing valve was designed by a former 
assistant of Mr. Bateman’s—Mr. Moore. The fire- 
plugevalve is an adaptation of the same idea, and it is 
opened by the ball being pressed down by a spindle 
working through a stuffing-box. At the reservoirs in 
Longdendale, and at the Woodhead and Torside 
reservoirs, are large sluices to let off the waste water. 
These require considerable power for working them, 
and one of them is opened by means of a turbine. At 
Godley are some sluices upon which an interesting 
series of experiments has been made as to the forms 
of discharging edges. The clear opening is in each 
case 6 ft. long, by 6 in, high, as measured inside in the 
clear, the water standing above the upper edge of the 
opening. In one case the contraction of the approach to 
the opening just specified was effected abruptly by a rim, 
24 in. wide, placed at right angles to the line of flow. 
On the outer side, this rim was rounded over convexly 
toa curve of 24in, radius. In another sluice, the 
section of this lip was, reversed, the flat face, at right 
angles to the flow, being on the outside, while the 
convex quadrant curve of 24in. radius was on the 
inside, and led the water to the mouth or opening of 
discharge. In a third case, the section of the lip was 
a.semicircle of 24 in. diameter, extending all round the 
opening, the water arriving at and leaving the opening 
over a convex curve. It was found that, taking the 
theoretical velocity of discharge for a head of 1 ft. as 
8.04 ft. per second, the first form of lip, gave an actual 
velocity of 5.4 ft., the second of 6.7 ft., and the third 
of 7.8 ft., or nearly the theoretical discharge. 


Tne Parts Meertine. 

It was announced from the council stable, at the 
conclusion of the reading of the papers that the meet- 
ing of the Institution in 1867 would be held in Paris. 
It was proposed at Glasgow, in 1864, that last year’s 
meeting should be held in Paris; but the movement 
was not sufficiently supported, and Dublin was chosen 
instead, and we may add that the choice left the mem- 
bers nothing to regret. The present meeting has 
been the most successful of all in point of attendance, 
but we look forward to next, year’s visit to the French 
capital as likely to be the most brilliant. May our pre- 
sidleat and past presidents be with us there ! 


Tue Loca Visttinc-ust. 

The members improved Wednesday afternoon, and 

a portion of Thursday, after their return from Oldham 
and St, Helen’s respectively, in visiting the large 
engineering and other works of interest in and near 
Manchester. On Tuesday evening Messrs. Wilde and 
Co, gave a fine display of their new electric light, and 
of the intensity of the electricity induced in their new 
ifested in blazing off the 

zinc from galvanised iron wire, and ‘in burning the 
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latter as if it were wood. With a powerful burning- 
glass the rays of heat were collected from the light 
reflected from a deep reflector, and were made to 
ignite brown paper. On Wednesday a very large 
number of the members visited Mr. Whitworth’s 
ordnance and tool works, where they were conducted 
through the various departments by Mr. Whitworth. 
Here were guns of all sizes up to 9 in. hexagonally rifled 
bores, and which weighed 15 tons. The guns of this size 
are intended to fire a shot of nearly 300 lb. weight with 
40 lb. of powder. These guns are made of Messrs. 
Firth pol Sons’ steel, there being nine hoops in all, 
besides the trunnion-ring and the cascable. The in- 
strument for messuring enlargements in the bore of 
guns, as described in Mr. Whitworth’s paper, was 
shown, as also the apparatus for forcing on coils by 
hydraulic pressure, the planing of hexagonal shot and 
shell, and an interesting case of small arms, including 
the Prussian needle gun, &c. The various establish- 
ments of Messrs. Sharp, Stewart, and Co.; the Fair- 
bairn Engineering Company ; Parr, Curtis,and Madeley; 
the Ashbury Company ; Beyer, Peacock and Co. ; Col- 
lier and Co.; Galloway and Sons; the Lancashire and 
Yorkshire Railway Locomotive Works ; the Lancashire 
Steel Company ; the Patent File Company ; De Bergue 
and Co. ; Hetherington and Sons ; Leigh and Co. ; Muir 
and Co.; Peel, Williams and Peel; Dunn and Co.; 
Bellhouse and Co.; Smith and Coventry ; Wren and 
Hopkinson ; Routledge and Ommanney ; the Broughton 
Copper Company ; McConnel and Co.’s cotton mills ; 
Johnson and Nephew’s wire works; Horsfall’s card 
factory ; Hoyle and Son’s print works ; Edmondson’s 
railway ticket factory; Watts and Co.’s great ware- 
house, &c., were open to the members of the Institu- 
tion, and most of hom were visited. 
Tax Dinner. 

On Wednesday evening the members, to the num- 
ber of about 175, dined together at the Albion Hotel, 
Piccadilly. The president was supported by Mr. 
Napier, Mr. Penn, Mr. Fairbairn, and Mr. Platt, 
M.P.; while at the opposite end of the room the vice- 
chairs were filled by Mr. Ramsbottom, Mr. Brafnwell, 
and Mr. Maudslay. As during the morning meetings, 
the four most eminent living mechanical engineers sat 
side by side, and the pride with which they were re- 
garded by the members—a feeling rising in many cases 
to one of genuine affection—was shown in many ways. 
Of the speaking we will not attempt to give a partial 
report, nor was it perhaps even up to the occasion. 
Tndeed, the first speech of all was that of a gentleman 
who, as a member of the local volunteer force, consi- 
dered himself bound to respond to the time-honoured 
military and naval toast, and what with his undying 
devotion to the cause of his country, and the responsi- 
bility he bore as “the father of nine children,” he 
brought down thunders of applause. Not that this 
was a sample of the speaking, for Mr. Bramwell spoke 
with his usual readiness and good taste in proposing 
** Prosperity to the City and Trade of Manchester,” 
responded to by Mr. Faraday Smith; and Mr. Platt, 
M.P., and Lieut.-Col. Kennedy spoke at some length 
and well, while the president and each of the past- 
presidents in turn replied in a few simple but well- 
chosen expressions of thanks to the deafening ap- 
jlause with which their names were received. Of the 
= Mr. Penn spoke at most length, and, in his quiet 
and unaffected manner, he bore testimony to the 
wonder and admiration with which his first visit to 
Crewe had inspired him. 

Tue Excursions. 

On Thursday a large number of the members visited 
Oldham, where they went over the vast machine works 
of Messrs. Platt Brothers, which in ordinary times 
employ no less than 5000 men and boys. The brick- 
pene nd machines were also examined at Messrs. Platt’s 
brickworks, and visits were paid to several of the 
neighbouring cotton mills. A diversion was effected 
however, by Messrs. James Cross and Co., of St. 
Helen’s, to whose works a considerable number of 
those more especially interested in railway machinery 
owe a visit to attend the trial of one of Mr. R. F. 

‘airlie’s new double-boiler and double-bogie engines, 
an engine of much the same construction although of 
hardly more than half the weight of that tried by Mr. 
Fairlie in December last, and of which we gave a de 
scription in one of our earlier numbers. Of the re- 
sults of Thursday’s trial we shall give a complete ac- 
count in our next. To-day (Friday), the members 
visit Rowsley, Chatsworth, Haddon Hall, and Stancliff 
Hall, the latter the fine residence of the president, 
Mr. Whitworth; and thus will end one of the most 
successfnl meetings which the Institution of Mechani- 
cal Engineers has ever held since its foundation, nine- 
teen years ago, by George Stephenson, the greatest 
mechanical engineer of his time. 





MESSRS. NEILSON BROTHERS’ BORING MACHINE. 
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Tue boring machine, of which we give an engraving above, is 
one which is now in course of construction by Messrs. Neilson 
Brothers, of the Albert Works, Glasgow, and which has been de- 
signed for boring out large forgings, such, for instance, as stern- 

ts for large screw steamers, marine-engine cranks, and similar 
heavy work, The clear width between the side colamns which 
support the transverse frame carrying the gearing is 12 ft. The 
boring-bar is of steel, 8 in. in diameter, and is driven as follows: 
From the cone pulleys, which are fitted with an arrangement of 
double gearing similar to that of a lathe head-stock, the motion 
is communicated by means of a beve! pinion to a bevel wheel 
ruuning loose on the main spindle; this wheel being, however, 
connected to a pinion also running loose on the spindle, and 
gearing in a spur wheel fixed ona vertical countershaft. On the 
lower end of this shaft is also fixed a pinion gearing into a spur- 
wheel which drives the boring spindle. 

The feed motion consists of a small spur-wheel at the lower 
end of the boring-spindle socket, gearing into a pinion fixed on a 
short spindle carrying an adjustable crank which drives a 
ratchet-wheel at the lower end of a vertical shaft extending to the 
top of the machine. At the upper end of this shaft is a bevel 
we which communicates the feed motion by means of a short 

orizontal shaft and other bevel pinions to a screw working in a 
nut at the head of the boring spindle. In addition to this feed 
gear worked from the main spindle, provision is made for running 
up the boring-bar by hand or by means of a belt from the shaft- 
ing. The whole arrangement is clearly shown in the illustra- 
tion. The upper end of the boring-spindle is steadied by a 
cross-head working on steel guides, this cross-head also carrying 
the nut in which the raising and lowering screw works. The 
weight of the boring-bar is balanced by means of chains and 
counterweights, and a pair of stays, 24 in. in diameter, extend 
from the top of the machine to the wall, these steadying the 
former and receiving the pull exercised by the chains of the back 
balance. In using this machine a hole is first bored with a 
drill 7 in. in diameter, and this hole is then enlarged by means 
of the arrangement of boring-bar and cutters shown in the en- 
graving. The boring-bar is steadied by a bottom bearing. 








Tue Pneumatic Despatcu.—The report of the directors 
states that a series of carefully recorded experiments as to the 
cost and facility of working have been made, and the directors 
are perfectly satisfied with the results, from which it appears 
that 120 tons of goods can be passed through the tube per hour 
at a speed of 18 miles an hour, the cost being under 1d. per ton 
per mile. The directors have also ascertained from statistical 
information furnished them by the London and North-Western 
Company, that the line of tube, when completed, will return a 
large percentage on the capital expended on its construction. 
After such satisfactory results, the directors made overtures to 
the London and North-Western Company to assist them in com- 
pleting the line, which overtures were most favourably received, 
and the directors are now waiting for an answer from Euston. 

CANNON-STREET STATION.—Colonel Yolland, the officer ap- 
pointed by the Board of Trade, having made his formal inspec- 
tion of the City branch and terminus of the South-Eastern 
Railway, and his report to the Board having been satisfactory, it 
has been decided to open the line to Cannon-street on the 1st of 
September next. 

Tue Ciype Surpsuitpers.—The refusal of the rivetters 
at the London and Glasgow Engineering Company to return to 
their work led tothe threat a short time since of all the ship- 
builders on the Clyde to close their works. The men, however, 
do not wish to risk gnother lock out, and the rivetters have 
returned. 

Botter Exptoston.—A boiler explosion occurred at Pinnox 
Colliery, Tunstall, Staffordshire, on Tuesday, whereby two men 
lost their lives, 

ExpLosion oF GAs AT SEA.—An explosion of gas occurred, 
on Friday last, on board the screw steamship Alford, of London, 
when off the Land’s End. The boatswain’s head was blown off, 
." sailor was badly injured, and much damage was done to the 
ship. 

Tue “Basson” Lusricator.—The “Basson” lubricator, 
which is being introduced by Mr. Francis Wise, is now being 
tried on the North London Railway, and is found to answer 
well. We shall give a description of it shortly. 
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LONDON WATER FROM THE LAKES. 
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Wurtz the metropolis is increasing, not only steadily 
but rapidly, in population, so, too, are the neighbour- 
ing districts from which the metropolis draws its - 
plies of water. And however we may intercept the 
sewage, deodorise it, utilise it by irrigation, or other- 
wise seek to lessen the pollution of our rivers, it is 
simply impossible to obtain pure and wholesome water 
from a thickly inhabited collecting area. With the ex- 
ception of the waters from the deep wells in the chalk, 
the well-waters of London are now regarded merely as 
the solvents of organic and inorganic impurities, and 
as the ready distributors of typhus and cholera. But 
while the surface wells of London, even if they are 
not the reservoirs of actual poison, are at least unfit 
for the supply of wholesome water, the surface 
drainage of the Thames valley is not very much better, 
and its degree of impurity is constantly and necessarily 
increasing. 

The attention of engineers has for some time been 
turned to distant sources of water supply for the me- 
tropolis, and in the second number of our first volume 
we described Mr. Bateman’s scheme for bringing water 
to London from the Welsh hills by an aqueduct 183 
miles in length. This week another and a still bolder 
scheme has been published by Mr. G. Willoughby 
Hemans, C.E., and Mr. Richard Hassard, C.E., for the 
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supply of the metropolis with water direct from Ulls- 
water, 240 miles away, a lake lying between Westmore- 
land and Cumberland. Ullswater is nine miles long, 
from one-fourth of a mile to two miles wide, 210 ft. 
deep, and its surface is elevated 477 ft. above the sea, 
not so very much greater, we may remark, than the 
level of Loch Katrine, the source of supply of the 
Glasgow Waterworks. It is not, of course, the mere 
contents of this lake that Mr. Hemans proposes to 
bring to London, for its whole capacity would not suf- 
fice for a lengthened supply to the metropolis, but it is 
the surplus rainfall of a portion of the lake district 
which now runs to waste. ‘The area of the metropolis 
itself is about 125 square miles, while near Ullswater, 
Haweswater, and Thirlmere are 177 miles of available 
collecting area, upon which there is an average annual 
rainfall of 100 inches. 

We need hardly say that rainwater is practically 
pure as it falls, it having been originally evaporated 
from the surface of the earth and thereby separated 
from earthy impurities. It falls as soft water, and can 
only become again impure by flowing over or sinking 
into soils charged with lime, minerals, organic matter, 
&c. In the lake district under consideration, how- 
ever, the soil is thin and but little cultivated, and it 
overlies the primitive rocks ; there is little, if any, peat ; 
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and there are but very few dwellings from which any 
contaminating matter could flow. 

Professor Way has analysed samples of the waters 
taken in January last, after heavy rains, and in their 
worst state, with the following results : 





GRAINS PER IMPERIAL GALLON. 






































* Hawes- | Ulls- Thirl- 

F. a water water mere 

wiher-! Lake. | Lake. | Lake. 

BING: ctsnesnesrnsuivicnias 1.54 0.50 0.81 0.42 

Magnesia....... ceed 0.50 | 0.18 | 0.20 | 0.14 

BOER sosccccsnccccsaccasbence 0.80 0.71 0.51 0.46 
Chlorides of Sodium and} 

CERSTIM. ccccsccnsees | 0.48 0.40 0.69 0.77 
Oxide of Iron, Silica, &e.| 0.50 0.25 0.20 0.05 
Sulphuric Acid sscole. OE 0.51 0.87 0.44 
Carbonic Acid............|° 2.05 0.82 1.03 0.56 
Organic Matter ......... 0.62 0.62 0.35 0.77 
Total impurity .........| 7.00 3.99 4.16 3.61 
Hardness before boiling.) 5.2° 2.0° 2.10 1.5 
Hardness after boiling...  4.4° 1.8° 2.1° 1,5° 





These substances are probably combined as fol- 
lows ; 
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GRAINS PER IMPERIAL GALLON. 


























! 
River Hawes- Ulls- Thirl- 
Lowther, water water mere 
Lake. Lake. Lake. 
Carbonate of Lime...... 2.75 0.90 1.45 0.75 
Carbonate of Magnesia.| 1.05 0.36 0.42 0.29 
Carbonate of Soda ...... 0.70 0.56 0.40 0.20 
Sulphate of Soda ...... 0.90 0.90 0.65 0.78 

Chlorides of Sodium & 

Potassium .........0+. 0.48 0.40 0.69 0.77 
Oxide of Iron, Silica, &c.|} 0.50 0.25 0.20 0.05 
Organic Matter .........| 0.62 | 0,62 0.35 0.77 
Total solid Matter ...... | 7.00 | 8.99 4.16 3.61 





These analyses show a slight mineral contamination 
from mineral workings which are to be excluded from 
the intended metropolitan supply. 

From the comparatively small district under notice 
—a district less than one-half as large again as the 
actual area of the metropolis itseli—an amount of 
water flows annually to waste sufficient, were it re- 
tained, to supply 150 gallons daily to every man, 
woman, and child in and near London. This amount 
is, of course, much beyond our requirements, but the 
people of New York contrive to use and waste 
100 gallons daily, per head of the population, of the 
Croton water, and London ought really to be provided 
for upon the same liberal scale, with water under con- 
stant service, and with a supply for a public fountain in 
every square. Messrs. Hemans and Hassard have esti- 
mated a daily supply, from the district already named, 
of 250,000,000 gallons. The figures may appear large, 
and those who do not take the trouble to go into the 
matter might imagine that no area of water supply 
could withstand such a drain. But we can bring this 
vast quantity quite within the grasp of the mind. Let 
us suppose a stream flowing thirty-eight miles a day, or a 
little over one and a half miles an hour, a rate which is 
much below the velocity of streams in hilly countries. 
At this rate a stream 80 ft. across, and averaging 30 in. 
deep, would discharge the whole daily quantity above 
named, viz. 250,000,000 gallons, corresponding to an 
abundant supply for 5,000,000 veople. Such a stream 
in the northern counties art rank as a trout beck 
perhaps, but would be hardly reckoned as a river. 

The drainage area embraced in Messrs. Hemans and 
Hassard’s scheme forms the north-western portion of 
Westmoreland and a part of Cumberland, and lies just 
to the west of the Lancaster and Carlisle Railway, be- 
tween Shap and Clifton. It is elevated from 500 to 
3200 ft. above the sea, the mean altitudes being from 
1200 ft. to 1300 ft. Windermere and Derwentwater 
are unavailable, the former being but 134 ft. and the 
latter 238 ft. above the sea, while the great distributing 
reservoir near Harrow, and 12 miles from London, is 
to be elevated 220ft. But Haweswater is elevated 
694 ft., Thirlmere 533 ft., and Ullswater 477 ft. above 
the sea, thus affording a good head for the supply of 
the metropolis. It is proposed, moreover, to raise 
Haweswater 42 ft. in level, and Thirlmere 64 ft., their 
respective levels thus becoming 736 ft. and 597 ft., and 
as Poth these lakes lie in deep, narrow, and lonely 
valleys, the works requisite for this increase of height 
would not involve a very great expense. The outlets, 
however, of these lakes are not only at their northern 
extremities, away from London, but they discharge into 
different rivers—Haweswater into the Lowther, Ulls- 
water into the Eamont, and Thirlmere into the River 
Greta. The area draining directly into the three lakes 
is not large, and would not be nearly sufficient for the 
required supply. Messrs. Hemans and Hassard have, 
therefore, schemed a somewhat complicated system of 
intercepting works, whereby all the water of the 
Lowther, as far north as Clifton, may be diverted into 
Ullswater, this lake being at a lower level than Clifton. 
At whatever points, too, the tributaries of Lake Win- 
dermere to the south, and Derwentwater to the west, 
happen to be higher ‘than Thirlmere, tunnels and con- 
duits are to be made to divert their waters into that 
lake. Grasmere is but 208 ft. above the sea, and it is 
325 ft. below Thirlmere ; but Fdesdale Tarn, althouch 
it at present discharges into Grasmere, and thus 
through that and Rydal Water into Windermere, is, 
nevertheless, at a higher level than Thirlmere, even 
when the latter shall have been raised 64 ft., or to a 
level of 597 ft. And so a tunnel is schemed to tap 
Edesdale Tarn, and tunnels and conduits are to cross 
the higher portions of the tributaries of Grasmere, and 
thus carry away their water to the head or southern 
extremity of Thirlmere. By like means a portion of 
the natural drainage into Derwentwater is also to be 
brought round the northern extremity of the Bleaberry 
Fell into Thirlmere, and a conduit, several miles in 
length, will bring to that lake also the upper waters of 
the River Greta, which now flow away to the Derwent. 











With the drainage of 177 square miles thus inter- 
cepted and conducted into Haweswater, Ullswater, and 
Thirlmere, it would become necessary either to make a 
separate aqueduct from each of these lakes to some 
common point of junction towards London, or else to 
bring the discharge of Haweswater and Thirlmere into 
Uliswater—which will be 259 ft. below Haweswater 
and 120 ft. below Thirlmere, when the two last-named 
lakes shall have been raised respectively 42 ft. and 
64 ft.—and then to commence a single aqueduct from 
that lake towards London. Messrs. Hemans and 
Hassard adopt the latter course. To connect Thirl- 
mere with Ullswater a conduit and tunnel are to be 
made, the former 6 and the latter 8 miles in length. 
The direction of the flow of the water’ through this 
communication would be exactly opposite to, while it 
would for some distance be parallel with, that of the 
conduit bringing down the upper waters of the Greta 
into Thirlmere. The tunnel, although 8 miles in length, 
would admit of shafts being sunk along its entire 
course, so that the time occupied in its construction 
would be no greater than that required for working 
the distance between two of the shafts. 

The heaviest single work would be the tunnel from 
the head or southern extremity of Ulleswater, under 
the Kirkstone Pass, to Ambleside. This tunnel, which 
would form the commencement of the great aqueduct 
to London, would be 7} miles long, and for 13 miles 
its level would be from 500 ft. to 1500 ft. under the 
Kirkstone Pass. For this portion no shafts would be 
sunk, and thus the work would require about three 
years for its completion from shaft to shaft on either 
side. The remaming 54 miles of this tunnel would 
admit of sinking shafts at any distance apart considered 
most convenient. Hence to London the water would 
be conveyed by conduit, tunnel, and iron pipes, past 
Kendal, down the eastern side of Lancashire, peels mes 
the Wigan coalfield, and to the east of Manchester, 
the Potteries, and the Staffordshire coal district, and 
to the east of Birmingham, following a route from 
Coventry nearly parallel with the London and North- 
Western Railway, to the great regulating reservoir 
near Harrow, and which would be elevated 220 ft. 
above the sea. The fall, therefore, for the whole 
distance would average rather more than a foot per 
mile, or we will say, the same as that of the Croton 
Aqueduct, which is uniformly 133 in. per mile. The 
Croton Aqueduct has a uniform slope, however, 
whereas the great metropolitan aqueduct from West- 
moreland would follow the natural variations of the 
surface of the country traversed. 

Of the great aqueduct itself, Messrs. Hemans and 
Hassard’s prospectus gives no further particulars, but 
its construction is no doubt entirely practicable. Its 
cost is estimated roughly at 8,125,000/., while the 
conduits, reservoirs, and works of collection are set 
down at 674,000/., the tunnel from Ullswater to 
Ambleside at 350,000/., and the regulating reservoirs, 
&c., near London at 500,000/.; making 9,650,000/. 
in all, to which is to be added interest on unpro- 
ductive capital for an average period of three years, and 
for other expenses, 1,550,000/., making 11,200,000/. 
in all. This estimate, too, is framed for 200,000,000 
instead of 250,000,000 gallons daily, the total estimate 
for the works on the larger scale being 12,200,000/. 

Messrs. Hemans and Hassard have considered very 
carefully the question of rainfall, and the quantity of 
rain-water run off, but we need not enter as fully upon 
this point, inasmuch as it is now quite beyond dispute 
that 100 in. of average rainfall may be depended upon 
for the whole district in question, while of this at least 
80 in. may, if required, be run off by an aqueduct. 

We should just note that auxiliary and compensa- 
tion reservoirs are contemplated in connexion with 
each of the three lakes, and we may here reprint the 
total estimated area and capacity of the whole system 
of supply. 
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equal to 120 days’ supply at 250,000,000 gallons per day, and to 
157 days’ supply at 200,000,000 gallons per day—after giving 
credit for the average minimum summer yield, which will not 
be less than 40,000,000 gallons yer day—and to 120 days’ com- 
pensation at 450,000 gallons per square mile of drainage area; 
this will more than suffice in a district of such constant rain. 

There would not be any necessity, in the first instance, for 
constructing the auxiliary reservoirs in Swindale and Martin- 
dale, as, until the towns’ supply exceeded 200,000,000 gallons 
per day, Thirlmere and Ullswater would contain sufficient 
storage, and would be able, after giving credit for the summer 
yield, to work up to 135 days’ supply, whilst compensation 
water would be given out from Haweswater and from St. John’s 
Beck Reservoirs; when the demand exceeds 200,000,000 gallons 
per day, these auxiliary reservoirs may be constructed, and, if 
necessary, others in addition, as many sites are available; 
should the demand eventually exceed 250,000,000 gallons per 
day, a further area of 53 square miles of collecting ground may 
be obtained on the southern slopes of the range of hills above 
Ambleside and Kendal, by constructing reservoirs in the valleys 
traversed by the Troutbeck, the Kent, the Sprint, and the Ban- 
nisdale Beck streams, and an additional quantity of about 
75,000,000 or 80,000,000 gallons daily may easily be obtained 
rom these sources of supply. 

The surface of Ullswater Lake would be ordinarily maintained 
at or about its winter level, and water drawn off from it for 
towns’ supply at a depth of 20 ft.; that is at about 460 ft. above 
the Ordnance datum. 

As long as the demand from the district did not exceed 
200,000,000 gallons per day, it would not be necessary to lower 
Ullswater at all, until after a period of 67 days of absolute 
drought, Thirlmere being able to keep up the supply for that 

riod of time; it would then take about 30 days more to lower 

Jllswater 8 ft., which would not be very much below its summer 
level; so that, under these circumstances, 97 days of continuous 
and absolute drought must occur before Ullswater would be 
sensibly affected. 

When the demand has increased to 250,000,000 gallons daily, 
and the auxiliary reservoirs have been constructed, with their 
aid the towns’ supply could be kept up from Thirlmere for a 
period of 70 days, and it would then take 23 days more to re- 
duce Ullswater 8 ft., so that in this case 93 days of continuous 
and absolute dronght would be necessary before the lake was 
reduced much below its summer level; and there is no record of 
drought of any such duration ever having occurred in this noto- 
riously wet locality. 

Next comes the financial part of the scheme. Here 
it is proposed to continue to the water companies 
their present rate of dividends, and the mode of raising 
the revenue and the sums raised are the same in the 
first case, and nearly the same in the second, as by 
Mr. Bateman’s scheme for water supply from Wales. 
We will tabulate the comparative figures as follows : 














Hemans and Mr. 

Hassard. Bateman. 

First cost... «2 « ee £11,200,000 £8,600,000 

Interest at 4 per cent... 448,000 344,000 

Collection, management, &c. 100,000 150,000 
Payments to existing compa- 

BBEB ccc cos cece cos cee 425,000 450,000 

Total annual expense £973,000 £944,000 

Sale of water on route... ... £228,125 

Ditto for trading purposes ... 136,875 250,000 
Rent of surplus property of 

existing companies ... «+. 50,000 
Compulsory rate upon house 

property ... seo ooo ove 450,000 500,000 

Ditto public... 21. see ove 200,000 150,000 

Total revenue ..- «. £1,015,000 £950,000 


Both Mr. Bateman and Mr. Hemans propose com- 
pulsory domestic and public rates, such as are now 
enforced in Manchester and Glasgow. Both adopt the 
same estimate of the annual value of house property in 
the metropolis, say 12,000,000/., while the annual 
value of the entire property is taken as 16,000,000/. by 
Mr. Hemans and as 18,000,000/. by Mr. Bateman. 
The first named gentleman proposes a domestic rate of 
9d. and a public rate of 3d., while Mr. Bateman’s esti- 
mate is for 10d. and 2d. respectively. 

As to the practicability of either Mr. Bateman’s or 
Messrs. Hemans and Hassard’s scheme there can be no 
doubt. We shall not attempt at present to decide 
upon their relative merits, but we may record our con- 
viction that we must, within a very few years, look, 
for our London water supply, to sources which are un- 
questionably capable of furnishing unlimited quantities 
of soft, pure, wholesome water. None of these sources 
can be found near London, and nature points clearly 
to those districts where a great annual rainfall descends 
upon bare hill pastures and primitive rock, beyond the 
reach of natural or artificial pollution. 








ANTHRACITE For Locomotivges.—An American locomotive 
engineer writes us from Paterson, U.S., that the locomotive 
boilers now made there for burning anthracite coal have water- 
tube grates from 8 ft. to 9 ft. in length, and but little more than 
2ft. in width. The sides of the inner firebox are gradually 
drawn together towards the bottom, so as to leave water spaces 
of from 6 in. to 10 in. on either side of the grate. This is found 
to promote the durability of the firebox, the intense heat and the 
decrepitation of anthracite being very trying to fireboxes. The 
furnaces have not, as formerly, a combustion chamber extended 
into the barrel of the boiler. 
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THE ATLANTIC TELEGRAPH. 


Now that the cable is laid, and working successfully, 
we are warned by certain predictions that it will not 
long continue perfect. The first Atlantic cable trans- 
mitted no less than four hundred messages, and then 
broke down altogether, and it is being argued in cer- 
tain quarters that the present cable will turn out 
no better. If this belief have any foundation, it must 
be in some evidence that cables rapidly deteriorate of 
themselves after submersion, or in the chance of me- 
chanical injury by icebergs or ships’ anchors. As for 
natural causes of gradual failure, we know of none 
which should act upon a well-made cable, even after it 
has been for some years in use, at least if, as in the 
present cable, the battery power employed is low. 
Of the cable laid last year, 1200 miles are now known 
to be as perfect, after a whole year’s submersion, as 
when it was first laid, and in even better electrical 
condition than it was in before being laid. The resist- 
ance coils show not only the same unvarying distance 
of the fault, but day by day the same indications are 
obtained with the same battery charge. Were there 
500 miles more of the same kind of cable spliced to 
that last year, and extended to Newfoundland, there 
can be no doubt whatever that, so faras any effect due 
to submersion is concerned, the whole cable would be 
still perfect for the purposes of transmission. 

As for mechanical injury by the grounding of ice- 
bergs or from chafing upon rocks, such injuries can 
only occur in comparatively shallow water; the exact 
point of failure can always be detected by the resist- 
ance tests, and the cable could thus be raised and 
spliced anew. In the mean time, the chance that ice- 
bergs would ground upon the precise line of a cable is 
somewhat remote, and it is by no means certain that, 
even if they did ground, they would doinjury. For this 
we can a wait and watch, and we trust and believe 
we are likely to wait a long time. 

Undoubtedly the raising and splicing of the cable of 
1865 will rank, if it be accomplished, as in every way 
as remarkable a success as the beiee of the entire cable 
of 1866. We know telegraph engineers of eminence 
who even doubt that the cable was ever grappled at 
all last year. With along length of grapnel wire out, 
the grapnel, they say, must traverse the bottom in 
jumps rather than by a steady drag, and the chances 
are that it would miss the cable ninety-nine times in a 
hundred. The resistance supposed to be that of the 
cable was, they say, that of a stone or other permanent 
obstruction, the wire tightening gradually and with 
increasing strain upon it until it broke. The answer 
to this is very simple and conclusive. In dragging 
the grapnel in 2000 fathoms, there is no doubt that 
the thing caught—whatever it was that caused the 
resistance upon the wire—was actually brought up 
1000 fathoms or more from the bottom before the 
wire gave way. Had the wire been sufficiently strong, 
the cable would have given way, not having been laid 
with sufficient slack to allow of a bight coming to the 
surface without dragging the cable from both sides along 
the bottom; and here, of course, the resistance would 
be so great, that it would be practically the same as if 
a few miles of cable, laid without slack, were fastened 
tightly down at each end. This year we certainly ex- 
pect that the cable of 1865 will be grappled, brought 
up, and spliced, and that thus we shall have two per- 
fect lines to America. The arrangements made are 
thus described. 

The Terrible and Albany will start for the exact lati- 
tude and longitude in which the cable of last year was 
broken. When this precise spot is ascertained, “ marked 
buoys,” with which both ships are provided, will be 
moored for guidance in pets. 3 The Great Eastern 
and Medway will follow these ships; but in case of 
their not joining their consorts soon after the “ marked 
buoys” are placed, the Albany will proceed to grapple 
for the cable of last year. This vessel, with all the 
other ships of the squadron, is equipped with the most 
perfect hauling-in and paying-out machinery, with an 
ample store of buoys, “marked buoys,” wire grappling- 
ropes, and dynanometers to show the strain on all 

arts of the ropes and apparatus used. After the 
ao are placed, the Albany will at once proceed to 
“sweep” for the end of the cable of 1865. This 
comatili anxious and most laborious process is effected 
by the ships in search of the wire carefully lowering 
their grapnels till the bottom is ascertained with cer- 
tainty, and then slowly steaming at right angles across 
the line along which the cable has been laid ten miles 
each way to the north and south of it. On the north 
side they would have to go more than twenty miles to 
reach the defunct wire of 1858, and it is believed at 
least thirty miles to the south of their proper route, 
to jeopardise that which has just been laid. As, how- 
ever, all the vessels sweeping for the wire are strictly 





limited to a distance of ten miles north or south of its 
ascertained position, there is little fear of their catch- 
ing anything but what they are in search of. In 
ease of the Albany grappling the end of last year’s 
rope, she is gently to lift it as far as possible, and, as 
far as is consistent, without at all approaching the 
breaking strain. ‘The grapnel rope is then to be 
moored to an immense buoy, and then secured. She 
is again to grapple for the wire further to the east, or 
English side, tit she succeeds in again lifting it. Thus, 
again and again, her labours will be continued till 
a series of “ bights” are brought near to the surface of 
the ocean, so that on the arrival of the Great Eastern 
any one of these loops may be at once and easily raised 
and the splice made. More than enough of the cable 
will then remain to enable her to continue, or rather 
we should say complete, the work of carrying the.second 
wire to Newfoundland. If, however, the Great Eastern 
and Medway arrive before the end of the cable 
is found by the Albany, all three ships will at once 
take up their positions and commence “ sweeping” 
with their grapnels. The Medway is to be to the 
extreme west, with the greatest lifting strain, the 
Great Eastern in the middle, with a smaller lifting 
strain, and the Albany will be a few miles to the east, 
with the least lifting power of all. It is intended to 
keep well to the east of the broken end of last year, as 
this is hampered with the heavy grapnels and heavier 
wire ropes which were used in vain to recover it last 
autumn, and which, if anything is known with certainty 
of deep-sea soundings, is believed to be lying in a 
massive tangle over the end of the rope—a weight 
which nothing could raise. Directly, therefore, that 
the Albany—suppose she makes the first grapple—has 
succeeded in getting her end of the line, and the Great 
Eastern and Medway have secured their portions, the 
Albany will steam ahead at full speed, so as to break 
the portion of the line she has grappled, and leave the 
end free to come up unfettered by the obstacles heaped 
upon it in the efforts to recover it.- She will then 
return and keep inside the Medway, taking from the 
latter vessel her gripe of the wire, and holding on by it 
till the Great Eastern has spliced, if possible, her end. 
The Terrible, in all cases, will assist in carrying mes- 
sages from ship to ship. She will also keep ahead of 
the Great Eastern, and direct her to alter her course 
by firing one gun for a-port helm and two guns for 
helm a-starboard. Three guns are to signify danger 
ahead, either in case of ships or ice. One gun from 
the Great Eastern is the signal to bring all her consorts 
round her immediately. 


SWING BRIDGE OVER THE PENFELD. 

Some of our readers may remember having seen in the Inter- 
national Exhibition of 1862 a beautifully executed model of a 
swing bridge erected over the Penfeld, and carrying a roadway 
connecting the two towns of Brest and Recouvrance. Of this 
bridge, which is one of the finest of its kind, we now give illus- 
trations on pages 78 and 82, these engravings being prepared 
from drawings with which we have been kindly supplied by 
Messrs, Schneider and Co. The bridge consists of two perfectly 
independent parts, or balanced girders, each turning on a circular 
pier or tower of masonry about 34 ft. 5}in. in diameter. As 
will be seen by the side elevation, Fig. 1, the two girders form 
together three spans, the centre span being 383 ft. 43 in. from 
centre to centre of towers, and the side spans being each 93 ft. 
lin. from the centre of the tower to the abutment. The total 
length of the bridge is 569 ft. 64in. The side spans extend 
over the quays, and there is a clear headway under them of 
42 ft. 7 in., whilst under the main span there is at high water a 
clearance of 42 ft. 7 in. at the sides, and 63 ft. 6 in. at the centre. 

The general form of the girders is shown in the side elevation, 
and an enlarged view of a portion of one girder is given by Fig. 
8. From these it will be seen that the portion of each girder 
forming the small span is of equal depth throughout, this depth 
being also maintained across the top of the pier; from the pier 
the depth decreases to the centre of the main span, the top 
remaining level, and the underside inclining upwards in a straight 
line. The depth of the girders over thre piers is 25 ft. 4 in., and 
at the centre of the main span, 4ft. 7in. The girders are 
formed of wrought-iron plates and angle-iron, the top and 
bottom chords being of a T section, and connected by vertical 
struts and strong diagonal bracing. The transverse stiffness is 
also increased by the roadway, which is carried upon cross 
girders, covered by longitudinal and transverse planking, the 
former being 4 in. and the latter Zin. thick. The width of the 
roadway is 16 ft. din. 

At the abutment end of each short span there is formed a box 
of plate iron containing a counterweight composed of masonry, 
which completely balances the longer overhanging portion of the 
girder. {n order to strengthen the bridge over the piers, and to 
furnish convenient attachments for the machinery on which each 
part turns, the two girders forming each half are at those points 
united by acylinder or drum of plate iron, 29 ft. 6 in. in dia- 
meter. The manner in which these cylinders are constructed, 
and the form of their connexion with the girders, wil! be seen 
from the detailed views of one of them given in Figs. 6 and 7. 
The same figures also show the arrangement of the turntables 
on which each half of the bridge rests. It will be seen that the 
lower edge or curb of the cylinder above mentioned is connected 
to a series of massive castings which form a circular table resting 
upon a number of conical cast-iron rollers. There are fifty of 
these rollers, each 1 ft. 114 in. long, and having a mean diameter 
of 1 ft. 7$in.; their spindles revolve in bearings formed in a pair 











of concentric rings, so that the rollers are kept at a constant 
distance from each other, The rings carrying the bearings of 
the roller spindles are connected by radial angle irons with a 
boss embracing the centre pin of the turntable, this pin being 
11§ in, in diameter for the main part of its length, and being 
securely keyed into a casting forming one of a set fixed on the 
top of the pier. The axes of the rollers are inclined, as shown 
on page 82, so that their upper surfaces, on which the bridge rests, 
are level, the whole of the inclination necessary for accommo- 
dating the conicality of the rollers being given to the lower bed. 

On the top of the pier are securely fixed a set of castings 
forming the lower bed on which the rollers run, the circular bed 
being connected by radial arms with a boss 3 ft. 1 in. forming the 
socket for the centre pin already mentioned. The form and 
arrangement of these castings will be seen from the section, 
page 82. Both the upper and lower beds between which the 
rollers are placed were turned up with the greatest care, 

The machinery for moving each part of the bridge is shown 
on page 82. Around the castings composing the lower 
bed, upon which the rollers run, there is fixed a cireular rack, so 
as to form, as it were, a large spur wheel, fixed down to the top 
of the pier. Into this whed there gears a pair of pinions, 1 ft. 
9¢in, in diameter over all, and 9} in. wide on the face; these 
pinions being each fixed upon a vertical shaft revolving in a 
long socket formed on the upper or moveable ring of the turn- 
table, which is secured to the bri¢ge. That part of each shaft 
on which the pinion is placed is 5} in. in diameter, whilst the 
part within the socket is 7Z in., and this size is continued for a 
short distance above the socket, where the shaft is fitted with a 
spur wheel, 6 ft. 8in. in diameter. The weight of each shaft 
and its appurtenances rest upon an adjustable set screw 
at the lower end, and a similar set screw is arranged so as to 
bear upon the upper end, as shown on page 82. 

The spur wheels, which we have just mentioned as being fixed 
on the vertical shafts, are each 7% in. wide on the face, and have 
bosses 1lin. deep. Into each of them there gears a pinion 
placed upon a shaft, extending upwards to the roadway of the 
bridge, and furnished at its upper end with a socket for capstan 
bars. ‘The diameter of each of these shafts is 4in. where the 
pinion is placed on it, and 34in. for the remainder of its 
length. Itis steadied by bearings carried by brackets fixed to 
the inside of the wrought-iron cylinder, as shown by the half 
longitudinal section on the right hand side of page 82. The cap- 
stan heads at the top of these long vertical shafts are each fitted 
with four bars about 6 ft. 6in. de and they are arranged so 
that when they are not in use for turning the bridge, they can 
be folded down below the line of the roadway, as shown in the 
upper figure. In calm weather two men acting on the capstans of 
each half of the bridge can open or shut it, but the two capstans 
with which each half is furnished of course afford the oppor- 
tunity of employing a far larger number of men, if necessary. 

Each halt or wing of the bridge is so, balanced by its counter- 
poise that its centre of gravity rests directly over the centre of 
rotation. To restrain within certain limits the amount by which 
the centre of gravity can be displaced under the influence of 
variable loads there is connected with the abutment end of each 
short span, by means of levers, an arrangement of anchorage 
which is capable of opposing to the upward or downward move- 
ment of the ends of the girders a force of 154,000 lb. The unequal 
distribution of the moveable load upon the two wings of the 
bridge might in some cases cause a difference in the level of 
their ends where they meet in the centre of the main span, and 
to counteract this the following arrangement is adopted: 
At the end of one of the wings are placed horizontally a pair of 
strong bolts of a conical form, which when the bridge is shut 
can be thrust outwards so that they are made to enter to a 
depth of 12 in. or 16 in. into sockets correspondingly placed upon 
the end of the other half of the bridge. 

In order to facilitate the examination or repair of any portion 
of the turntables upon which the bridge rests, there is placed 
on each pier, under each half of the bridge, four hydraulic 
presses. These presses are each capable of exerting a lifting 
force of 440,000 lb., and the water is supplied simultaneously to 
each of the four presses forming one group by means of pum 
placed in the centre of the tower, and worked by hand ina 
similar manner toa fire-engine. It has been found that by the 
use of these presses, worked by eight men, the bridge can be 
raised some inches clear of the rollers in Jess than ten minutes, 
and, this being done, all the details are capable of being easily 
renewed or repaired. 

The total weight of iron employed in the construction of the 
bridge was about 846 tons, and in addition to this the two 
counterweights weigh 334.8 tons. ‘There was also a quantity 
of wood employed on the roadway, so that altogether there 
is about 300 tons resting on each of the turntables. The total 
cost of the bridge was 84,7511, of which 27,9491, was ex- 
pended on the masonry of the piers and abutments, 47,2117. 
on the girders, 478%/. on the centres and erecting, 21771. 
on works which were accessory to the bridge, and 26261. 
on sundries. ‘The manner in which the bridge was 
erected is shown by Figs.4 and 5, the former showing a 
side elevation of the scaffolding, and the latter a transverse 
section. ‘This scaffolding was erected on each shore, the girders 
being each built in a position parallel with the channel and then 
turned round into their places. So well and carefully was this 
work carried out that when the two parts were brought together 
the levels of their extremeties were found to differ by a few 
centimetres only. 

The bridge was designed by MM. Cadiat and Oudry, and 
was whioliy carried out by Messrs. Schneider and Co., of Creusot, 
who constructed not only the ironwork, but the masonry also, 
their engineer, M. Mathieu, being in charge of the work. The 
undertaking has been a decidedly successful one, and the bridge 
is probably one of the finest specimens of its class in existence. 
It has now been in use about five years ; during that time it has 
been opened about 600 times in order to allow of the passage of 
vessels, and all parts are still in the best state of preservation. 
We may conclude this notice with an extract from a report 
given by the engineers of Corps Impérial des Ponts et Chaussées 
on the occasion of the bridge being finally taken over from the 
contractors: “ The bridge at Brest bas endured in a remarkable 
“manner the guaranteed test of five years, which have now 
“ elapsed ; all the important pieces appear to be unaltered, and 
“ the movements are always performed with the same facility.” 
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SWING BRIDGE OVER THE PENFELD, AT BREST. 
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THE LORDS’ STANDING ORDERS. 


Lorp ReEpespA.ez hes carried, against considerable 
opposition in the Lords, and without having left any 
opening for joint action with the Commons, an im- 

ortant series of amendments to the Lords’ Standing 
rders relating to railways. 

The first amendment is in Standing Order No. 180, 
and is intended to prevent companies from taking 

eneral powers without specifying the objects they 
, to accomplish. It provides that in the case of 
an intended amalgamation with, or a sale or a lease of 
the undertaking to, another company, or of the in- 
tended me oa or lease of another undertaking, or of 
intended traffic arrangements, the notices shall specify 
the company or companies, person or persons, “ with, 
* to, from, or by whom, aff the terms and conditions 
** on which, it is intended to be proposed that such 
* amalgamation, sale, purchase or lease, or traffic 
** arrangements shall be made.” 

The next amendment, to Standing Order No. 184, 
which provides for giving due notice of any intention 
to increase the capital for extensions, now includes 
with “extensions” any existing railway when the 
capital to be raised exceeds the existing authorised 
capital of the company. 

The third amendment is one which comes home 
to new undertakings, and it was upon this that the 
debate arose, which led to a division of 24 to 12 in 
favour of Lord Redesdale’s proposal. A list of the 
names, residences, and “ descriptions” of the contri- 
butors to the deposit, with the sum contributed by 
each, such deposit amounting in the aggregate to 8 per 
cent. of the estimated cost of the undertaking. The 
deposit is to be withdrawn only after it has been proved 
to the satisfaction of the Board of Trade that the com- 
pany have | p= up one-half of their authorised share 
— and expended that amount upon their under- 
taking. This amendment is not to apply to existing 
incorporated companies about to undertake new works, 
provided that the new capital to be raised is not greater 
than the existing capital of the company, and providing 
the company is paymg a dividend upon its ordinary 
stock. For companies so exempted the present penalty 
of 50/. a day is to be retained until it shall amount to 
8 per cent. on the estimated cost of the works. 

Lord Redesdale stated that in the case of many 
new railway companies there was not a shilling at the 
disposal of the promoters ; that in one case an engineer 
who was discharged for asking for his salary, which 
had not been paid for a year, could find no legal means 
for recovering his money. His lordship said that 
really sound undertakings would be taken up without 
prejudice from the requirements of a deposit, and that 
im no other way could a real security be provided to 
meet claims arising out of the dealings of the promoters. 
It was quite necessary, he observed, to put a little 
check upon practices which had brought discredit upon 
railway enterprise, as well as to save unsuspecting 
persons from embarking money in unsound concerns. 

Further amendments were passed to prevent the 
abuse of proxies, and to enable preferential share- 
holders to vote upon questions affecting their interests. 
That the enforced deposits of 80,000/. upon every 
undertaking of an estimated cost of a million will 
check speculation in railway bills is certain. As Lord 
Redesdale himself said in the course of the debate, the 





amended order with reference to the deposit was 
directed against the schemes of parties ‘ who lived by 
“ bringing forward such bills.” Lord Stanley of Alderley 
moved that the House of Commons be communicated 
with upon the subject ; but Lord Redesdale decidedly 
objected to this, and observed that there were 
interested persons in the Commons who would directly 
oppose any proposition tending to check speculative 
enterprise. It was in putting Lord Stanley’s motion 
to a division that Lord Redesdale obtained such a 
decided majority in his favour. 

The effect of the amended Standing Orders will be 
distinctly visible after the 30th of November next, in 
the diminished number of bills lodged for the next 
session. The leading engineers, whose projects can 
always obtain the support of capital, will find no 
difference ; but another class of engineers, working in 
conjunction with weak speculators and contractors 
without capital, will feel the change. 








EAST INDIA COMMUNICATIONS. 


Tue report of the Select Committee of the House 
of Commons appointed to inquire into the practical 
working of the present system of telegraphic and 
postal communications between this country and the 
East Indies contains much valuable information. 
After pointing out that upwards of twenty-five per 
cent. of the whole of the external commerce of the 
United Kingdom is transacted with British India, 
Singapore, Ceylon, Mauritius, China, Egypt, the Dutch 
possessions in India, the Philippine Islands, Japan, 
and Australia, the committee observe that the 
great importance of rapid and regular systems of 
communications between countries transacting busi- 
ness of such magnitude and importance can hardly be 
overrated. Under the existing contract with the 
Peninsular and Oriental Steam Navigation Company, 
the mails between England and India are to be con- 
veyed, twice each way in every calendar month, be- 
tween England and Shemale, vid Southampton and 
Marseilles, and twice each way in every month be- 
tween Suez and Calcutta. The vessels so employed to 
be of not less than 1100 tons burden, and to maintain 
an average speed of not less than ten knots an hour. 
The — between Bombay and Aden are to be car- 
ried twice each way every calendar month, in vessels 
of not less than 800 tons burden, and to maintain an 
average speed of ten knots an hour. Regarding the 
future mail service to India, it is recommended that, 
whilst it has not been expedient hitherto to add to 
the expense of the postal communications with India 
by establishing a more frequent service to Bombay, in 
addition to the existing services to Madras and Cal- 
cutta, yet having regard to the facilities already af- 
forded by the railways under construction in India, 
and to the prospect of the early completion of the 
main lines of communication connecting the port of 
Bombay with the Presidencies of Calcutta and Madras, 
the North-Western Provinces and the Punjab, the time 
has arrived when tenders should be invited for a 
weekly service to Bombay alone, and the separate pos- 
tal service between this country and Madras and Cal- 
cutta should be discontinued; that such service 
should be on the footing of an express service, en- 
tirely unconnected, to the eastward of Suez, with any 
other mail services; and that the time-table should 
be based on a prescribed speed of not less than eleven 
nautical miles per hour, on the voyage between Mar- 
seilles and Alexandria, and ten nile per hour between 
Suez and Bombay; but that the tenders be required 
to state also terms in each. case for higher rates of 
_ of not less than one additional half mile per 
1our. 

With regard to the om my service to India, the 
following is the route travelled by messages at present : 
A message intended for India is delivered to one of the 
two companies in London having telegraphic communi- 
cation with the Continent, “The Electric and Inter- 
national Telegraph Company” and “The Submarine 
Telegraph Company,” ol is forwarded by one of two 
principal alternative routes, the Turkish or the Rus- 
sian route. ‘lo reach Constantinople, the lines princi- 
pally used are through Vienna or Turin. From Vienna 
messages are transmitted to their destination chiefly 
through Servia, and occasionally through Wallachia. 
From Turin they proceed by the Italian coast line and 
the submarine po across the Lower Adriatic, and 
arrive at Constantinople by way of Salonica and the 
shores of the Sea of Marmora. A telegram may, 
therefore, be dealt with by French, Belgian, Dutch, 
Prussian, Austrian, Bavarian, Minor German, Italian, 
Servian, or Wallachian administrations. After the 
message reaches Constantinople, it is forwarded under 
the terms of the “ Indo-Ottoman” convention, by an 





exclusive wire to Bagdad, and thence, either by Fao at 
the head of the Persian Gulf, where it is received by 
British officers for dispatch to Kurrachee by the Per- 
sian Gulf line, or, as an alternative, over the internal 
Persian system, by way of Teheran, Ispahan, and 
Shiraz, to Bushire, where it again falls in with the main 
line. From Fao to Bushire and Kurrachee, the line is 
exclusively under the control of the Government of 
India. is line is submarine, with an alternative 
land line between Gwadel, on the Meckran coast, and 
Kurrachee, and with the exception of two or three 
interruptions in traffie, owing to temporary breaks in 
the cable, is shown to work admirably well. A tele- 

m by the Russian route proceeds vid the Hague to 
Berlin, and from thence across the Russian frontier, 
passing through Mysolowitz and Tiflis, to Tulpha on 
the Arras, and from that place over the Persian system 
above described to Bushire. It must therefore be 
resorted to through the agency of the Dutch, Prussian, 
Russian, and Persian administrations, before it reaches 
any officer who is responsible to the British Govern- 
ment. There is, therefore, an alternative route to 
India as far as the head of the Persian Gulf; but, in 
the case of anaccident to the submarine cable to Kur- 
rachee, all telegraphic communication with India must 
necessarily be interrupted. 


Under a system such as this, where no responsibility 
exists, the committee remark that much difficulty is 
necessarily experienced in tracing where the numerous 
delays and imperfections in the rendering of messages, 
of which so many complaints have been made, have 
taken place; and in very few instances have the public 
been successful in obtaining compensation for the 
disappointments they have met with, and they state 
that it is not expedient that the means of intercommu- 
nication by telegraph should be dependent upon any 
single line, or any single system of wires, in the hands 
of several foreign Governments, and under several dis- 
tinct responsibilities, however well such services may be 
conducted, as a whole, in time of peace. The com- 
mittee therefore recommend the establishment of 
separate lines, entirely or partially independent of the 
present line through Turkey, and, in that view, that 
means should be taken for improving the condition 
and facilitating the use of the lines of telegraph which 
connect the Persian system with Europe, by way of 
the Georgian lines of the Russian Government, and for 
bringing, if possible, within the Turkish convention 
the line recently established through Syria, for con- 
necting Alexandria with the main line to India at 
Diarbekir. That, with the view to better security 
against accident in time to come, the communication 
by way of the Persian Gulf should be doubled, either 
by the laying of a second submarine cable or by 
continuing the land line from Kurrachee and Gwadel 
to Bunder Abbas, and thence, under arrangement 
with the Government of Persia, to Ispahan, by way 
of Kerman and Yezd. And they consider that a pro- 
position for the establishment of a direct’ communica- 
tion between Alexandria and Bombay by way of 
Aden, on the principle of a line practically under one 
management and responsibility, between London and 
the Indian presidencies in the first instance, ‘and 
afterwards with China and the Australian colonies, is 
deserving of serious consideration and such reasonable 
support as the influence of her Majesty’s Government 
may be able to bring to its aid. 


From the present report it appears that there are 
now about 14,500 miles of Government telegraph lines 
in India, connecting the chief cities in the different 
presidencies, and they are completed towards Singa- 
pore as far as Rangoon. They have been constructed 
at a cost amounting to 1,146,861/. 14s. 3d., on 30th 
April, 1864. ‘There are besides 3141 miles of lines 
erected by the different railway companies, at a cost of 
411,924/. 12s. 8d., on 31st Dec., 1864, and which are 
maintained at an expense of 41,888/. 18s. 5d. per annum. 
It is admitted that the working‘of the Government lines 
of telegraph in India has been very unsatisfactory, and 
the defects have been ascribed in a great measure to 
the fact that the officers of the department have been 
underpaid, and also to the circumstance that the lines, 
having been destroyed in the war-times, had been re- 
erected in haste for military purposes, and since then 
had been gradually, but very slowly, reconstructed. 
On this subject the committee recommend that, con- 
sidering the great outlay of guaranteed railway capital 
already incurred in the establishment of the telegraph 
on the several lines of railway in India, it is expedient 
that means should be taken for affording the public the 
utmost benefit attainable from that expenditure, either 
by the Government of India sanctioning the use of the 
wires of the companies by a — company willing to 


rent the privilege on equitable terms, or by such an 
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organisation of the several independent companies as 
will establish a unity of system, and bring the use of 
the lines fairly within the reach of the public. 


ORDNANCE AND ARMOUR. 


Wir all our enormous expenditure upon, and pro- 
tracted experiments with, ordnance re armour, no 
single English work embodies, tabulates, digests, and 
generalises the results. For all that was accomplished 
until two years ago—and no striking results as to the 
destructive power of ordnance, or the resistance of 
plates have _ since achieved—we must turn to an 
American work, written by a clever young civil engi- 
neer—Mr. Alexander L. Holley. The interest attach- 
ing to every means of offence and defence during the 
American war is the only explanation that can be 
given for the thoroughness and clearness with which 
our English practice is thus literally photographed in 
an American work. Not our English practice alone, 
however, for all that could be compiled from the 
American ordnance experiments is also given. And 
with a broad foundation of facts, the author went 
through an examination of principles and a critical 
analysis of experimental results. Mr. Holley’s book 
is now widely known and consulted, not so much from 
the originality or exclusive authority of any of its 
views, as from its clear and condensed narrative of re- 
cent construction and experiment. We are pleased, 
therefore, to find that it has been lately translated into 
French by Lieutenant (de Vaisseau) F. X. Franquet, 
and we anticipate an early German translation. Mr. 
Holley, we understand, is also about to bring out a 
new American edition of his work, and this, we do 
not doubt, will be corrected and extended to the latest 
practice. 

So much interest now attaches to American cast- 
iron ordnance that we reprint here certain observations 
in an American journal—understood to be from Mr. 
Holley’s pen—upon the subject : 

“ With regard to cast iron for guns, an American author is in a 

sition to speak from the best practice. Although he can 
Piardl recommend unhooped or unlined cast iron or the mon- 
ster Leadet bombards as suitable for iron-clad warfare, he 
endeavours to show that cast iron is likely to be largely used, in 
combination with steel, for the heaviest ordnance. First, an 
American having 60,000 lb. tensile strength is mentioned. The 
strength specified for United States guns is about 30,000 lb. 
Much of the British iron is below this standard; there are re- 
ports of some as low as 10,000 lb. This superiority of Ameri- 
can iron has been attained to chiefly by special care in the selec- 
tion and mixing of the ores—a course which is by no means 
patent to any particular country. The chief superiority of the 
American cast-iron gun, however, consists in its freedom from 
initial eae strains. A solid cast-iron gun of 6 ft. or 7 ft. 
diameter would break in cooling, without aid from powder pres- 
sure. The 13 in. American solid cast-iron gans of half this 
diameter all broke in proof; but no hollow-cast 15 in. gun, of 
4ft. diameter, has broken in proof or in action; while one, 
specially tested, has fired 1000 rounds with 400 lb. shot, and 
charges varying from 40 lb, to 60 lb. of powder. A number of 
8 in. and 10 in. Columbiads were cast at the same time from the 
same iron, the one lot solid and the other hollow. The life of the 
hollow guns averaged more than double that of the solid ones. 
The explanation is obvious. ‘The exterior of a solid casting cools 
first, and therefore shrinks and sets while the interior is still 
pasty. Then when the interior cools, it draws radially upon the 
outer layers of the gun, thus placing them in compression, 
which is the opposite state of strain to that required and to that 
attained in hooped guns. But a gun cast hollow and cooled 
from within, on Major Rodman’s plan, sets first at the surface of 
the bore, so that the successively cooling exterior layers of metal 
are drawn tightly round it like the hoops of an Armstrong gun. 





Second. Cast-iron barrels reinforced with steel or wrought-iron | 


hoops, by Parrott, Blakely, and Brooke, and by the French and 
Spanish Governments, have been, on the whole, very successful, 
considering their small cost. Several of the Parrott guns have 
fired over 1000 service rounds without injury. One 30 pounder 
has fired over 4000 rounds. Very few of the Parrotts have 
burst through the hoop, although the greater part of the 8 in, 
and 10 in, pieces employed at the siege of Charleston failed in 
front of the hoop, showing simply that it was too short. More 
recently Captain Parrott has introduced the hollow-cast barrel, 
which should greatly strengthen the piece. The charges of the 
Parrott 6.4 in., 8in., and 10 in. guns are 101b., 16 1b. 
with spherical balls), and 25 Ib. respectively, and the weights of 
elongated projectiles 100 lb., 175 lb., and 250 Ib. respectively. 
The failure of the experimental cast-iron guns hooped at Wool- 
wich is accounted for by the bad proportions of the parts. 
Third. There appears to be a still better service for cast iron. 
It involves the principles of “initial tension” and “ varying 
elasticity.” A thick tube subjected to inte nal pressure stretches 
more at the surface of the bore than at the outer circumference, 
so that the interior metal receives the greater strain, while the 
outer metal can offer but little of its strength to the powder 
pressure. But if the outer metal is permanently stretched be- 
fore the pow der pressure is applied, the initial elongation, to- 
gether with the small elongation due to the powder pressure, 
gives the exterior of the tube a total elongation equal to the 
total elongation of the interior, so that all parts are made to 
work alike, and the total strength of the metal is utilised. This 
is the principle of initial tension, But there is another way to 
fuce the same result. The interior of the tube must stretch 
(say) one-tenth inch, while the exterior stretches but one-hun- 
redth inch. Now if the elasticities of the interior and exterior 


25 Ib, | are 


tion they have to endure, the inner metal will be no nearer 
breaking when stretched one-tenth inch than the outer metal will 
be when stretched one-hundredth inch. This is the principle 
of a varying elasticity. Major Palliser carried it out to a cer- 
tain extent, by placing an elastic steel or wrought-iron lining in 
a cast-iron gun. Captain Blakely further carried out this prin- 
eiple, in the use of hoops with elasticities proportioned to their 
situations, and by compensating for the insufficient elasticity of 
the metals used, by giving the outer layers a slight initial ten- 
sion, For heayy guns a hollow cast-iron exterior jacket, with 
trunnions and cascable cast on, would not only possess the great 
strength und the low elasticity required, but it would save the 
enormous cost of the forged trunnion bands that are indispen~ 
sable to hooped guns,” 








SUBMARINE TELEGRAPHS. 

Mr. Joun Macintosu, C.E., who, during the 
Crimean war, proposed to, and, we believe, actually 
undertook to, stifle the crews of the Russian ships by 
burning naphtha on the surface of the water to wind- 
ward of them, is well known also as a prolific inventor 
in telegraphy, although we are unable to point to any 
line yet laid upon his plans. Dissatisfied with the 
Atlantic cable, this gentleman is just out in a pamphlet, 
which, to borrow the term pa xed by the American 
newspaper editors in introducing many of their an- 
nouncements, is “important, if true.” He has dis- 
covered and patented certain compounds of paraffine 
and india-rubber, which, by his own statement, have 
three times the insulating power and inductive resist- 
ance of gutta percha, and 2 stb, therefore, the speed 
of signalling through a long cable may, with a given 
weight of copper conductor, be much increased. He 
quotes Mr. Siemens to the effect that the insulating 
power of these compounds “ is certainly very remark- 
able,” and, satisfied in his own mind, he sets to work 
to construct, upon paper, three Atlantic cables, re- 
spectively of $in., $in., and }in. total diameter, and 
to weigh respectively 6cewt. lgqr., 3 cwt. 2qr. 8 lb., 
and 1 ewt. 3 qr. 4 1b. per nautical mile in air. The first 
of these is ra ati a signalling power twice as great as 
that of the Atlantic cable, the second is to be equal 
to it, and the third is to have one-half its sigealling 
power. His cables have no outer covering of wires; 
the sole protection is in the insulating material itself, a 
small portion on the outside being further hardened 
with carbon. The patentee is quite certain that nothing 
could be stronger, more durable, and in every way so 
good as this parafline compound, which is the great 
panacea for all the imperfections of former cables. 

It betrays, we think. a little over-confidence, when 
an inventor, who is so sanguine that for 50,000/. he can 
make and lay an Atlantic cable which shall transmit 
two and a half words per minute, forgets to furnish the 
result of a single experiment whereby his conclusions 
may be tested, short of making and submerging the 
cable itself. It is not long since the Earl of Dudley, 
listening to the confident speculations of another in- 
ventor who has many ideas in common with Mr. 
Macintosh, advanced the money for the manufacture 
and submersion of a new cable across the Channel, one 
which, from all we can gather, never transmitted a 
single message after it was laid. We could name 
another nobleman who has lost thousands of pounds 
by the idle scheming of an “inventor” of much the 
same calibre. We have seen a great estate upon 
which mechanical abortions met the eye at almost 
every turn. Here was a Hero’s steam engine in a 
great case, and having a twenty-horse boiler to supply 
it with steam, yet unable to drive more than a single 
chaff-cutter. Here were piles of bituminised paper- 
pipes which had been put F vam on a great seale almost 
upon the first announcement of the manufacture, but 
which were soon found to be worthless, and had to be 
taken up again. Here were curious examples of 
hydraulic machinery, upon which the noble earl was 


expending money constantly, yet almost without re- | 


sult. It is, we apprehend, this class of inventors who 


not contain one single experiment to show. that any 
advantage would be gained by the construction pro- 
posed, nor even to show, what is doubtful, that it 
could be laid at all in deep water. 





Tne Bissett Bociz.—The original stock of eighteen 
engines for the Metropolitan Railway were all fitted 
with the Bissell four-wheel bogie. Five more engines 
made this year by Messrs. Beyer, Peacock, and Co., 
have been similarly fitted, and the same company have 
given a further order for ten engines to the same 
makers, all of which will have the Bissell bogie. Mr. 


Armstrong, of the Great-Western line, is also applying | 


it to one of his engines for the Metropolitan line, and 


Messrs. Beyer, Peacock, and Co. are making two| 


are respectively proportioned to the different degrees of elonga- | engines with Bissell bogies for Norway. 


THE WATER SUPPLY OF LIVERPOOL. 


Tue water supply of Liverpool, like that of London, 
appears at present to be in an unsatisfactory state, and 
Mr. Thomas Duncan, the engineer to. the Liverpool 
Corporation Waterworks, has recently made a report 
which gives many interesting particulars relating to it. 
From this report it appears that the Rivington Water- 
works were devised twenty years ago, but that, owing to 
the delay which took place in their being carried out, 
they were not of any public use until 1857. In 1848, 
soon after the sanction of the Rivington works had 
been obtained, the number of tenants to be supplied 
was 53,179, whilst, in 1865, this number had increased 
to 97,141, or at the rate of 82.67 percent. If during the 
| next eighteen years the same rate of increase be main- 
| tained, the number of tenants to be soppees in 1884 

will probably be about 177,452, and the population 
within the bounds of supply, taking six persons to a 
| house, 1,064,712. ‘Taking the quantity of water re- 
| quired at 30 gallons a head per day, 31,941,360 gallons 
| per day would thus be required, an amount far beyond 
| that obtainable from the present sources of supply. 

| The present supply is obtained partly from wells and 
| partly from Rivington; the mean daily yield from the 
|former during 1865 being 5,614,359 gallons, and an 
| additional supply of 2,000,000 gallons per day being 
}expected from the new wells at Bootle and Ludlow 
| Lane. From this total quantity of 7,614,359 gallons, 
| which is, or will be, obtainable from wells, there should, 
| however, be deducted 1,228,422 gallons for water of 
| an inferior quality which really should not be pumped 
| except in case of necessity. This deduction will reduce 
| the quantity available to 6,385,937 gallons per day. 
|'The quantity of water obtained from Rivington has 
| proved extremely variable. When the bill for. the 
| works was before Parliament, the average rainfall over 
| the area of the catchment basin was assumed at 48 in., 
| and all the quantities which have to be given off as 
| compensation have been fixed on this mean. Observa- 
| tions made with rain gauges during a period of seventeen 
| years, however, have shown that the real average rain- 
fall is less than the assumed one by about 2 in., and 
| that in six years only, out of the seventeen, did it reach 
| the estimated quantity. In 1865, the daily quantity of 
| 8,300,000 gallons given for compensation according to 
| Act of Parliament reduced that available for the use 
| of Liverpool to 6,176,865 gallons. The mean daily 
, pong yielded by the Rivington district for the last 
ve years, over and above the quantity given for com- 
pensation, have been : 

Year, 

1861 

1862 

1863 

1864 

1865 





Gallons. 
13,873,493 
16,544,597 
16,943,003 

8,825,406 

6,176,865 

And the mean for these years 12,472,672 

The great variation in the above figures will show 
| that the average quantity which can be depended upon 
| will depend greatly upon the extent of the storage 
| reservoirs. Under the present circumstances, with a 
cycle of three dry years a greater average daily supply 
than 9,000,000 gallons could scarcely be depended upon, 
|and if a greater number of dry years occurred conse- 
| cutively, even this quantity would be reduced. By 
| increasing the storage space, however, the average 
supply might he augumented to about 10} millions of 
| gallons per nF The present sources of supply may 
| be summarised as follows : 
| As has been stated, the yield of the wells is with 
| such qualities as may be expected from new 
| works eee eos ese ose 
| Deduct water that should not be pumped 
| 





Gallons. 
7,614,359 
1,228,422 


oe 


6,385,937 


9,000,000 
1,835,000 


Add Rivington cycle of three dry years, with 
reservoirs full at commeneement, say 
| Water to be obtained from Roddlesworth 


oe 


likely to take up a wild and most unlikely scheme | 
for a new Atlantic cable, the prospectus of which does | 


17,220,937 
Making an allowance, however, for the likelihood of 
the number of consecutive dry years in some’ cases 
exceeding three, the daily supply may be fairly 
assumed at 164 million gallons. 

At the present time the population supplied with 
water is above 600,000, and this number would require, 
at 30 gallons per head, a daily quantity of 18,000,000 
gallons. It will thus be seen that the supply available 
is really not sufficient for immediate wants, let alone 
os for any increase. That a demand will arise 
or an increased quantity of water per head, in- 
dependent of that required by the increase of the 
population, is pretty certain, this demand being partly 
due to the gradual spread of habits of. increased 
| cleanliness, and partly to the necessity of increased 
supplies for trades and manufactures. 

In a later portion of his report, Mr. Duncan 


| 
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considers very fully the various sources from which an 
increased and improved supply of water could be 
obtained for the service of Liverpool. The districts 
examined have been—the Lancashire and Westmore- 
land lakes and rivers; the head waters of the Lune; 
the Ulleswater and Haweswater; the rivers Hodder 
and Ribble; the Elwy and Aled, tributaries of the 
Clwyd; the Ceiriog, a tributary of the Dee; and the 
Bala Lake, with the River Dee and tributaries. Of all 
these sources that last mentioned appears to Mr. Dun- 
can to be the most advantageous, and he advances good 
reasons for his opinion. The objections to the other 
schemes are that in some cases the water would have 
to be pumped, in others that the supply would be in- 
sufficient, and in others that the we required would 
be too expensive to be commercially successful. 

The distance from Bala to Liverpool, measured along 
a course by which it would be practicable to convey 
water, is 78 miles; and the lake, which is situated about 
530 ft. above the level of the sea, is the chief source of 
the Dee. The lake is fed by streams rising chiefly in 
the silurian, and remarkably free from minerals; and 
the surrounding mountains are, to a considerable ex- 
tent, bare, cultivation being limited to their bases. 
The country in the immediate neighbourhood is but 
thinly populated, so that there are but very few sources 
of contamination. The Dee flows from the lower end 
of the lake, near the town of Bala, and the greater 
number of the feeders enter at the opposite extremity. 

As long ago as 1848, Mr. Rawlinson, C.B., proposed 
to supply water to Liverpool by what was then, and 
has been since, called a “Bala scheme.” In reality, 
however, Mr. Rawlinson proposed to take the water, 
not direct from the Bala iske, but from the River Dee 
at Llantfsilio, and his plan, therefore, differs materially 
from that of Mr. Duncan, although the merit of first 
proposing to take water to Liverpool from the Bala 
district is due to him. What Mr. Duncan proposes to 
do is as stated in the following extract : 

Ist. To render the lake more serviceable than its present state 
will permit, the embankment and road at its lower end should 
be raised so high as would impound and retain at pleasure all 
floods at the height of the present flood-mark, and as much 
higher as the works of the new railway now in progress on its 
south-easterly shore will admit. 

If this can be effected to the extent of 5ft., and works con- 
structed to permit 2 ft. to be drawn off below the ordinary water- 
level, power will be thus obtained over 7ft. of water— 
335,412,000 cubic feet, 2,090,321,125 gallons, equal to a supply 
of 20,000,000 gallons a day for 104 days. This would be alto- 
gether independent of any water flowing into the lake, which 
would be, supposing no rain to fall, at least 9,000,000 gallons 
per day. The quantity thus coming in wonld carry the 
20,000,000 gallons over 190 days. 

2nd. To construct strainers, sluices, overflows, and other 
works, and in some measure divert the present outlet of the 
Dee, insuring the purity of the water and a perfect control of 


8rd. To form a covered conduit from the strainers adjoining 
the lake down along the right bank of the river, crossing the 
Dee near Llangollen with such a fall as would raise it, when 
it would reach the shoulder of the hills below Llangollen, to a 
height of at least 450 ft. above the sea level, and 220 ft. above 
the home reservoirs. 

4th. To form a reservoir at the point last named, and from 
thence by lines of pipes laid along the high lands, with such 
balancing reservoirs as could be made, to the River Mersey 
above Runcorn, crossing the Dee, Weaver, and Mersey by spe- 
cial aqueducts; then onwards to Woolton, emptying itself into 
a reservoir there; with connexions to the home reservoirs, de- 
livering the water into them for the use of the inhabitants of 
Liverpool. 

The area of Bala lake is about 1100 acres, and that of 
its] watershed about 35,400 acres. The exact annual 
rainfall of the district has not been ascertained, but it has 
been assumed by Mr. Duncan at 36in., this quantity 
being believed to be within the mark. From this 
amount he deducts 25 per cent. for absorption and 
evaporation, this deduction leaving 27 in. available. 
According to these calculations, the — annually 
flowing into and through the lake would be 
3,469,554,000 cubic feet, or 21,622,607,483 gallons, 
this being equal to a daily yield of 59,000,000 gallons. 
An inch of rainfall over the entire area of the catch- 
ment basin would yield 809.837,314 gallons, and 
would, if none were allowed to flow to waste, or lost 
through other causes, raise the water-level of the lake 
32.18 in. 

Exclusive of Bala, the watershed of the Dee, be- 
tween the lake and Llantfsilio, amounts to 154,863 
acres, so that it would furnish a maximum ‘low of 
42,000,000 gallons per day, and this, with the compen- 
sation, would, during the dry years, maintain the 
river at a higher point than at present. A short dis- 
tance below the lake the river Dee is joined by the 
Tryweryn, a stream which has a drainage area of 
25,811 acres. The course of the Tryweryn has been 
examined by Mr. Duncan, for a distance of eight miles 
above its junction with the Dee, and he has found that 
at two poimts there are places where its waters could 


which it deserves. 





be favourably impounded so as to make storage 


resetvoirs equal in extent to the whole of thosé con- |” 


nected with the Rivington works. Between the lake 
and the confluence of the Dee and Tryweryn there are 
no water rights of importance on the former river, and 
Mr. Duncan therefore considers that it is not necessary 
to take the question of compensation for that portion of 
the stream into account. Assuming that a quantity 
equal to 20,000,000 gallons a day could with certainty 
be delivered fronr the Tryweryn if the reservoirs above 
mentioned were constructed, then all the water col- 
lected in the lake would be available for the use of 
Liverpool, so long as one-third of the quantity taken 
could be supplied to the Dee as compensation. As, 
however, Mr. Duncan estimates the minimum water- 
shed of Bala at 52,000,000 gallons per day, the water 
derived from that source alone would for many years 
be sufficient, not only for the supply of Liverpool, but 
for compensation also, and the reservoirs on the 
Tryweryn would therefore, for the present, be un- 
necessary. 
As far as Mr. Duncan has been able to judge from 
a general inspection of the country to be traversed, 
there would be but few engineering difficulties to con- 
tend with in carrying out his scheme. The heavy works 
would consist of a few aqueducts, and about 14 miles 
of tunneling, the remainder of the undertaking being of 
simple and ordinary character. The works would be 
much facilitated by the fact of railway and canal com- 
munication existing within a few miles of any point 
in their course, and from the necessary materials, such 
as stone and lime, being readily obtainable near all 
parts of the proposed line. Mr. Duncan estimates the 
cost of carrying out the scheme at about a million and 
a half sterling, the outlay being distributed between 
the various works as follows :— 
Works at Bala, including land, embankment, £ 
sluices, &c. ... ass sos eos «. 100,000 
Culvert from Bala to Llangollen, capable of 
conveying 60,000,000 gallons}per day ; 41,800 
cubic yards at 7/. per yard, land and works 


included ade pov ee mS «oe 292,600 
44-in. main to convey 15,000,000 gallons per 

day from Llangollen to Liverpool, including 

purchase of land, 94,160 yards at 6. 10s. 

per yard eee eee eo eve -» 614,040 
Four aqueducts, two across the Dee, one over 

the Weaver, and one over the Mersey +. 200,000 
Reservoirs on line at Llangollen, and three small 

ones between Llangollen and Liverpool 36,000 
Reservoir at Woolton... et sas bee 50,000 
Reservoir on the Tryweryn (this may not be re- 

quired for some years) eve eve eee 50,000 
Contingencies at 10 per cent. ... 139,064 


The scheme, however, if proceeded with, will in all 
probability call forth a strong parliamentary opposition 
from the various parties having an interest in the 
waters of the Dee, such as canal companies, mill- 
owners, and others, but it fortunately affords abundant 
means for satisfying any claims that may arise. These, 
however, are matters which may meet with further 
consideration when the scheme is more fully matured. 
In the mean time we may observe that the efficient 
supply of a town like Liverpool with water is a matter 
of the utmost importance, affecting, as it does, the 
welfare of the whole community, and we have no doubt 
but that before any new plan is carried out, it will 
receive the thorough examination and careful attention 
We quite agree with the following 
remark of Mr. Duncan, with which we conclude 
the present notice: “The supply of water to a town, 
“if I may be permitted freely to express my opinion, 
“ is not to be measured by money alone; it is as much 
“ 4 necessary for individual health and domestic com- 
“fort as the air we breathe: without it domestic 
“comfort is disturbed, trade must become stunted, 
“ and commercial enterprise be prevented from being 
“ developed.” 








Rartway AccripEents.—In 1859 the number of persons 
killed on the railways of the United Kingdom was 245; the in- 
jured, 464; making together 709 persons. In 1860, the num- 
ber of killed was 255, and of injured, 580; together, 835. In 
1861 there were 284 killed and 883 injured; together, 1167. 
In 1862 there were 216 killed and 600 injured; making 816. 
In 1863, which was the lightest year, there were 184 killed and 
470 wounded; together, 654. In 1864 there were 222 killed 
and 793 wounded ; together, 1015. The return for 1865 was 
not yet published. At the battle of the Nile, 218 men were 
killed and 677 wounded; together, 895; so that our railwa 
companies killed and wounded, in 1864, more persons than fe 
in that great fight. 

Tue rattan PLatep Suirs.— B.,” perhaps John Brown 
himself, writes to the 7imes from Sheffield, to say that the two 
vessels, Re d'Italia and Palestro, sunk during the action at Lissa, 
were both covered with French plates. The former was built 
in New York, and her plating was sent out to her; the latter 
was built and plated in a French yard. Every other armoured 
vessel present at the action, with the exception of the Affonda- 
tore, was covered with French-made plates. 


EXCAVATING MACHINES. 


In the course ofa dis¢ussion on M. Mazilier’s paper 
on excavating machines, which took place at the 
meeting of the Société des Ingénieurs Civils of France 
on the 20th ult., M. Sayn described some varieties of, 
the excavating machinery of MM. Frey Brothers and 
Sayn, and explained the manner in which it could be 
applied. The first machine described was one of 
large size intended for heavy work, and the second a 
lighter excavator mounted directly upon a traction 
engine. In January, 1865, some experiments were 
made with the last mentioned machine, when the fol- 
lowing results were obtained: The ground on which 
the experiments were made was very hard, and con- 
tained a large number of stones; it had, moreover, 
been frozen for some hours. The experiment com- 
menced at one o’clock, and terminated at 52 minutes 
past three, so that it lasted altogether 172 minutes ; 
from this time there has, however, to be deducted 81 
minutes for two stoppages—one of 26 and the other of 
55 minutes—so that the time actually at work was 
91 minutes only. 

The cylinder of the engine forming the motive 
power was 7.4 in. in diameter, with a stroke of 14.2 in., 
and it was — with steam ata pressure of 120 lb. 

er square inch, cut off at two-thirds of the stroke. 

he speed of working was 140 revolutions per minute, 
and this gave a speed to the bucket chain of 1.47 ft. 
per second, the number of buckets passing in one 
minute being 30. The capacity of each bucket was 
1.41 cubic ft., and if each bucket had been completely 
filled the quantity excavated at the above rate of working 
should consequently have been 42.3 cubic feet per 
minute, or 94 cubic yards per hour. During the trial 
of 91 minutes, however, the quantity excavated was 
76.4 cubic yards, this being at the rate of 50.38 cubic 
yards per hour, or 503.8 cubic yards per day of ten 
working hours. The amount actually excavated was 
thus about 54 per cent. of that theoretically due to 
the speed and capacity of the buckets. 

The coal consumed during the trial amounted to 
167.2 lb., and the water evaporated to 124 gallons; 
the consumption of coal was thus at the rate of 1104 Ib. 
per hour. Five men and one horse were employed in 
connexion with the machine, the daily cost for abour 
being as follows: one engineer, 5s.; one fireman, 8s. 4d.; 
two labourers, each, 3s. 4d.; one driver, 3s. 4d. ; anda 
horse, 4s, 2d.; making altogether, 22s. 6d. To this sum 
must be added 16s. 8d. for coal and 5s. for tallow, 
oil, flax, &c., making the total daily cost of workin 
the machine 2/. 2s. 6d. As we have already stated: 
the ‘pom J excavated was at the rate of 503.8 cubic 
yards per day, so that the cost of excavation was only 
about a penny per cubic yard. The earth was lifted 
to a height of about 11 ft. 6 in., and moved horizontally 
36 ft. 








STEEL RAILS. 


Ir is becoming well understood by engincers that, 
for rails at least, the quality of Bessemer steel, both 
for strength, in the sense of dynamic resistance, and 
for hardness, is under perfect control. . With no check 
upon him in the shape of a trial test of rails before 
acceptance, the manufacturer may make such as will 
readily break; but hardly any test can be imposed, 
within reason, so severe that he cannot meet it. The 
Great Indian Peninsula Railway Company have ordered 
many thousands of tons of Bessemer rails, and we be- 
lieve we may state with certainty that the latest speci- 
fications impose the following test for these rails : 
Upon 3 ft. 6in. bearings, the rail is to bear a central 
weight of 40 tons without breaking down, and it is to 
bear the fall of a weight of one ton from a height of 
twenty feet. Messrs. Sharp, of the Bolton Steelworks, 
have indeed tested an 841b. Bessemer rail, upon 3 ft. 
bearings, with a central load of 60 tons, and a deflection 
of only 4in. The carbon is to be tested for each 
charge, and 4 per cent. is to be present in all samples, 
it being endeavoured to keep as nearly as possible to 
this uniform proportion. Such rails will, we need 
hardly say, be ten times stronger than the average of 
iron rails, and in comparison with them will be almost 
indestructible. 








RAILways.—Major Jervis moved, last weck, in the House of 
Commons, an address to her Majesty to — a Royal Com- 
mission to inquire into the condition of the railways of this 
country as regards their ability to fulfil their engagements to the 
public, having due regard to the interests of all parties con- 
cerned. After some debate the motion was withdrawn. The 
report of the Commission now sitting to consider what, if any, 
share the Government should assume in the ownership and 
management of railways upon the expiration of the terms of the 
Act of 





1845, is expected to appear in November or December. 
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SWING BRIDGE OVER THE PENFELD, AT BREST. 
(For Description, see Page 77.) 
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Tue Uartford and New Haven Railway, on the line of which 
the work forming the subject of the present notice is situated, is 
one of the most prosperous in the United States, and forms a 
connecting link in the oldest railroad route between New York 
and Boston. It carries a very — traffic both of passengers 
and goods, and except for a short distance near the station at 
Hartford, and where it crosses over the Connecticut river bridge, 
it is a double line throughout. The crossing of the Connecticut 
River is made near the villages of Windsor Locks and Warehouse 
Point, the railway, after leaving the former place, following the 
bank of the river northward until it reaches the westerly end of 
the bridge, where it curves to. the right, and crosses the river in 
a straight line, at an angle of about 65°. It then turns again 
to the north and follows the east bank of the Connecticut to 
Springfield. In addition to crossing the Connecticut, the —_ 
also extends over the Connecticut River Company’s canal, whic 
is situated on the western side, and is used for manufacturing 
purposes, and for passing vessels around the rapids and falls of 
the river. From an excellent account of the bridge by Mr. 
T. G. Ellis, which has been just published, in America, we 
get the following particulars. 

The original bridge constructed on the site above mentioned 
in 1844 was a wooden one with stone piers. The trusses were of 
Howe’s pattern, the top and bottom chords being of timber 
connected by inclined braces and counterbraces, and the vertical 
ties being of round iron. This bridge was destroyed in a gale 
on the 13th of October, 1846, by being blown off the piers into 
river, the connexions between the trusses and the masonry not 
being sufficiently strong. After a delay of only forty-five days, 
however, a new bridge of similar construction was erected, and 
this remained in use until replaced by the iron bridge which we are 
about to describe. The wooden bridge, like the present iron one, 
was built for a single line only, and the part over the river 
consisted of seven spans of 177 ft.each, placed at a height of 
46 ft. above water level. There was also a span of 26 ft. at the 
eastern end over a roadway, and on the western side a ‘‘ draw- 
span” of 43 ft., whilst at this latter end there were also the spans 
over the canal and tow-path, these being 140 ft, and 76 ft. 6 in. 
—— The total length of the bridge was 1524 ft. 6 in., 
and the line was carried on the top of the girders over the river 
part of the bridge, and between them over the canal and tow- 
path, more headway being required under these latter spans. 

The new iron bridge, of one span of which we gave a e- 
tion at page 256 of our last volume, was designed by Mr. 
James Laurie, of Hartford, in 1862, and consists altogether of 
seventeen spans, as shown in the accompanying diagram. In 
arranging these spans all the old piers and abutments were made 
use of, alterations and additions being, however, made to bring 
them up to the proper height for the new girders. In the middle 
of each of the 177 ft. spans. across the river, with the exception 
of the middle or channel span, a new pier was built, like the old 


ones, so as to divide the seven river spans of the old bridge into | p 


twelve of 884 ft. each, with one of 177 ft. in the centre. With 
this exception the spans of the several openings remain the same 
as in the old bridge. 

The new piers were built, and, as far as possible, the work on 
the old ones was completed, before the ironwork was commenced. 
The piers were built up inside of the old bridge to the height of 
the bridge seats of the new iron girders, with the exception of 
the first two piers from the west end, where different arrange- 
ments had to be made, as it was necessary to remove the old 
bridge before commencing the new work. Such stones in the 
piers as could not be placed in their proper positions on account 
of the interference of parts of the old bridge were left out, to be 
put in after the old trusses were removed. 

The river piers and the bridge-seats and coping of all the 
piers and the abutments are of cut granite from William H. 
Flynt’s quarries at Monson, Massachusetts, where the stone was 
all cut to the proper dimensions before being brought to the 
bridge. The two piers next the westerly end of the bridge were 
originally built of brown stone from Portland, Conn., and have 
been rebuilt with the same material, so far as alterations were 
needed, with the exception of the bridge seats and coping, which 
are of granite. The abutments were —y built of granite, 
and the additions are of the same material. For convenience in 
bnilding the new piers, a temporary track was laid inside the old 
bridge, supported by the lower chords, over which the stone for 
the lower part of the piers was hauled and lowered to its place. 

With the exception of the short span at the eastern end of 
the bridge, and that of 43 ft. next the western bank of the river, 
both of which are formed of plate girders, the general form of 
girder adopted by Mr. Laurie is that of a truss composed of 
rolled plate, angle and T-irons, the struts being placed vertically, 
and the ties or tension bars being, except at the ends, inclined at 
an angle of 45°. Of this general form there are, however, three 
distinct varieties employed in the length of the bridge, the 
difference consisting in the arrangement of the tie bars, by 
which the use of bars,"beyond a certain size, is rendered un- 
necessary in the longer spans. Thus, in the.177 ft. span the 
ties cross three of the panels formed by the struts, whilst in the 
88 ft. 6 in. spans they cross two, and in the 76 ft. 6 in. spans 
one panel. ‘This difference in the arrangement of the ties will 
2 seen by comparing Figs. 1, 2, 3, and 4 of the accompanying 

iagrams. 

The length of the girders forming the channel span is 177 ft. 
3in., and their height between the horizontal plates of the 
chords 16 ft. 9in. ‘They are placed at a distance apart between 
centres of 10 ft. 6 in. 

These girders are divided into 33 panels of 5 ft. 3 in. each, by 
vertical posts, as shown in the diagram, Fig. 1. The end struts 
are composed of six T bars, 5 in.x84in.x}in., placed in 
pairs, with two side plates, 25}in.x in. and one end plate, 
12} inX Zin.; the whole having a sectional area of 48.18 square 
inches. The next strut has two T bars, 5 in. x 34 in. x 4 in., and 
two side plates, 10 in. x5, in., with a sectional area of 14.37 
square inches. Struts 3 to 5 are composed of two T bars, 
6 iv. X 4 in. x § in., with a sectional area of 11.72 uare inches, 
Struts 6 to 8 have two Tf bars, 6in.x4in.xjin., with a 
sectional area of 9.50 square inches. Struts 9 and 10 have two 
T bars, 5 in. x 34 in. x4 in., with a sectional area of 8.12 square 
inches. The struts from 10 to the centre of the truss have two 
T bars of 5in.x3}in.xyein., with an area of 7.10 square 
inches, All the struts have diagonal bracing between the T bars. 


They are divided into five spaces, between the chords, by cross 
plates 5in. x y;in., with diagonals of 2$in.x}in. Between the 
vertical plates of the chords the T irons are connected by plates 
13 in.x12in.x}in. The struts are placed between, and 
rivetted to, the vertical plates of the chords. Near the ends of 
the truss there are ten rivets on each side, top and bottom, two 
being through the angle irons which connect the vertical and 
horizontal plates of the chord, and the others through the 
vertical plates. This number is diminished towards the centre 
according to the sectional area of the strut. The rivets through 
the struts and chords are 1 in. in diameter, and those in the 
diagonal bracing of the struts of an inch in diameter, 

The tie bars are in pairs, and are placed as shown in the 
diagram, Fig. 1. The first from the end crosses one panel, the 
second two panels, and the third three panels ; being respectively 
the first ties of the three systems of braces of which the truss is 
composed. These ties extend, as shown in the figure, a short 
distance past the centre, there being two beyond the middle 
panel. This is shown by calculation to be all that is needed for 
counterbracing, with the heaviest load for which the bridge is 
intended, or ever likely to be placed upon it. 

The dimensions of the ties are as follows, commencing at the 
end of the girder: 


Two of 8in. by Sin. Area of pair = 10.00 square inches. 
One 9 . " = 11.25 is 

Two 8 eS = 10.00 ” 
Three 7 . s = 8.75 

Two 6 4 o = 7.50 9 
Three 5 * = 6.25 99 
Three 4 ; ne = 5.00 ” 

Two 38 q mA = 877 n 
Three 24 { = 





<9 = 8.12 * 

The ties are at an angle of about 45° with the chords, except 
the first two from the end, the height between the lines of in- 
tersection of the ties and struts being very nearly the same as 
the length of the three panels each tie crosses. The ties are 
rivetted to the outside of the vertical plates of the chords, part of 
- rivets also passing through the posts inside of the vertical 

tes. 

The number of rivets in each bar is so arranged as to make 
the sectional area of the rivets fully equal to that of the bar. 
They are placed in vertical lines, two rows of four each being in 
the side flanges of the T bar of the post, and the others on lines 
parallel to these and diminishing in number, so that they are 
arranged quincuncially on the tie bar, commencing with one 
rivet. The effective area of the tie bar is thus only diminished 
by the amount of metal taken out by one rivet hole. 

The top and bottom chords, of which a section is shown in 
Fig. 5, are composed of horizontal plates 26 inches wide, extend- 
ing from end to end of the girders and varying in thickness from 
the middle to the ends. At right angles to these are two vertical 
lates in each chord, placed 15 inches apart, and connected with 
the horizontal ~* four angle irons in each chord, to which 
both plates are rivetted. The horizontal and vertical plates, ex- 
cept at the ends of the girders, are mostly in lengths of 
15 ft. 9in., the joints coming between the struts of the truss, 
and being provided with covers of the proper size and thickness 
to make the strength uniform. The rivets in the chords 
are 3}§ in. apart and are one inch in diameter. 

Between the lower edges of the vertical plates of the upper 
chords there are wrought-iron distance pieces, one to each panel, 
by which the two plates are held securely in place, and give the 
chords additional stiffness, The top chord at the middle 
has two horizontal plates, 26in.xZin., four angle irons, 
4in. x4 in. x $in., and two vertical plates, 15 in. x § in. ; making 
a sectional area of 76.2 square inches. At the end there is one 
horizontal plate, 26 in. x $in., with angle irons 4 in. X 4 in. x fin., 
and vertical plates of the same dimensions as the middle; 
making an area of 50 square inches. The bottom chord is the 
same as the top, except in the thickness of the horizontal plates 
there being at the centre two plates of 26in.x in. an 
26 in. x fin, and at the ends one plate of 26in.xjin. The 
sectional area at the middle is 72.9 square inches, or, deducting 
ne it is 58.4 square inches. Near the ends it is 84.5 square 
inches. 

The horizontal bracing across the top and bottom of the two 
trusses is formed of Zz bars placed at right angles to the girders 
at intervals of 104t., bringing one over every second strut. 
They vary in size from 6in.x4in.X}in. at the ends, to 
4in. x4 in. x fin. at the middle of the span. Between these are 
horizontal diagonal braces of round iron, varying from 14 in. to 
l}in. in diameter. The vertical diagonal tie rods are 1} in. 
diameter at the ends, the rest being 1fio. diameter. These 
diagonals, both horizontal and vertical, are fitted with nuts and 
screws for tightening them when necessary. 

This span was originally framed with a camber of 8tin. It 
was built with a camber of 3} in., measured while the girders 
were still on blocks and nearly completed. When the support- 
ing blocks were removed, the centre of the girders fell 34 of an 
inch, and after having been over by heavy trains the 
lowered 3% more, making the present camber 2j, in. The ends 
of the girders rest upon cast-iron plates; one end is firmly fixed 
to the pier, and the other is provided with rollers to ioe for 
expansion and contraction. ‘The castings have a packing of oak 
boiled in tar, in two thicknesses of Jin. each between them and 
the masonry, and are firmly secured in their places by lewis bolts 
passing through them into the bed stones. 

The girders of this span were built in the position they perma- 
nently occupy. The great weight of the truss rendered it neces- 
sary to support the old bridge with trestles from the bed of the 
river during its construction. It was built entirely within the 
old structure, the interior bracing of which had to be altered to 
accommodate it. It was also necessary to raise the floor 
which carry the track, and — we them temporarily on blocks 
until the iron work was completed. The space in which the 
work was carried on was extremely confined, more so, in 
than in any of the other s as this is the widest of all which 
were constructed inside of the old bridge. 

The span extending over the canal and tow-path is, next to 
the channel span, the longest of the bridge, the length of the 
girders on ge it being 139ft. 8in, measured the 
bottom flanges. ‘The general form of the girder is shown in the 





diagram, Fig. 2, and is similar to that already described, except 
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that in this case the tie-bars cross two panels instead of three, 
and that the line, instead of ing over the top of the girders, 
is carried, on cross girders, between them. The height of the 
main girders between the horizontal plates of the chords is 
12 ft. 3 in., and their distance apart, from centre to centre, 16 ft. 
The span is divided into 24 panels by the vertical struts. Two 
of the s at one end only of each girder, are 5 ft. 10 in. ; the 
others are all 5ft. 8in. These spaces are adopted to make the 
struts come opposite each other to accommodate the floor beams. 
Owing to the obliquity of the bridge, one girder is placed just 
6 ft. in advance of the other. The first space or panel of the 
more advanced girder is 5 ft. 8in., while to reach the same 
distance on the other side there are two panels of 5 ft. 10 in. 
each, or 11 ft. 8in., making the difference of 6 ft. that one is in 
advance of the other. The end struts are of Similar construc- 
tion to those already described, and have a sectional area of 
80.26 square inches. The other struts are composed of two 

bars each, braced by diagonal bars and cross pieces, dividing 
them into three spaces, and are similar to those already de- 
scribed for the channel span. Their sectional areas are as fol- 
lows: two of 11.72 square inches, two of 9.5 square inches, 
two of 8.12 square inches, and the rest to the centre of 7.10 
square inches. 

The tie bars are placed in pairs, and are of the following 
dimensions and sectional areas :— 


One of 9in. by gin. Area of pair=11.25 square inches 


One 9 } ” «9 13.97 os 
One 9 é ” » =11.25 aa 
Two 8 & pe =10.00 ne 
One 7 § “ » = 8.75 os 
Two 6 " 9 ~ == 80 9 
Two 5 g ” 9 = 6.25 ” 
One 4 ; ” » = 5.00 * 
Two 8 & es 9 (= 8.76 es 
Two t t ” »y = 3.12 ” 
One 2 om 9 = 2.50 - 


It will be seen in the diagram, Fig. 2, that there are three of 
these ties beyond the centre. This is as far as calculation shows 
any strain in this direction, with the load the bridge is intended 
sustain. 

The top and bottom chords are of the same form that has 
been already described for the channel span, and are shown in 
the section, Fig. 11. The middle section of the top chord has 
two horizontal plates, 25in. x gin. and 25in. x {in., four 
angle irons, 4 in. X 4in. X y,in., and two vertical plates, 
15m, X 4in.; making an area of 62.6 square inches. The 
middle section of the bottom chord has two horizontal plates, 
25in. x g each, four angle irons, 4in, X 4in. x yj; in., and 
two vertical plates, 15in. x }in., making a sectional area ol 
59.5 square inches. Not including the amount of metal taken 
out by the rivet holes, it is 47.5 square inches. At the ends of 
the girders the area of the top and bottom chords is the same, 
There is one horizontal plate, 25in. x 4in., with the vertical 
plates and angle irons the same as in the middle. Except at 
the ends, the plates in these chords are in lengths of 17 ft. The 
floor beams are attached to the vertical struts by rivets through 
the angle irons of the end of the beam and the fF iron of the 
strut, and are supported underneath by short pieces of angle 
iron which are rivetted to the strut just above the vertical plate 
of the lower chord. The beams are 15 in. deep, and are com- 
posed of a vertical web ,', in. in thickness, with a top flange of 
angle irons, 4 in, x 4 in. x } in., one on each side, and a bottom 
flange of angle irons, 3}in.x3}in.x,% in. At the ends are 
vertical angle irons of the same dimensions as the lower 
flange. 

a the floor beams are horizontal diagonal tie rods which 
cross two spaces, passing at their intersection through the middle 
of each alternate floor beam. These rods vary in size from 
1} in, diameter, at the ends, to 1 in. at the middle of the span. 
From the floor beams to the struts are stay braces of T iron 
(4 in. x jin.) x (2 in. x } in), og to the top of the first of 
the three small panels into which the strut is divided by the 
bracing between the T bars. These braces are in line with the 
small diagonal brace of the strut in the panel above them. 


The ends of the girders rest upon castings as described fot 
the channel span, one end being fixed, and the other movable 
tpon rollers. Under these cast-iron plates are packings of oak 
in two thickness of jin. each, boiled in tar. In this span 1 in. 
rivets are used in the ends of the posts and tie bars, }% in. rivets 
in the chords, and # in. rivets in the bracing of the posts. The 
top chord is stiffened with wrought-iron distance pieces like those 
in the span already described. 


These girders were originally framed with a camber of 2tin., 
and were built with a camber of 2}in, After they were removed 
from the blocks, and had an ordinary train pass over them, the 
camber was ljin. This span, like the preceding, was built in 

psition. As the old bridge here occupied the space required 

‘or the new one, it was necessary ro remove it. To support the 

track and the new girders while in process of construction, a 
temporary trestle bridge was built under the old one, the caps 
being at the proper height to support the new girders. The 
track was supported by building up from the trestle caps with 
longitudinal and cross timbers, so arranged as to leave sufficient 
room for the rivetting and also to allow the iron floor beams to 
pass through under the track timbers. The foundation for the 
trestles was formed by driving piles into the bed of the canal, 
these piles being cut off above the surface of the water and 
capped, 

The 88 ft. Gin, spans, which form the greater part of the 
Tength of the bridge, are twelve in number, and the girders com- 

ing them are placed 8 ft. 9in. apart between centres, their 
epth between horizontal plates being 11 ft. They are divided 
by the struts into 17 panels, those at the ends being 5 ft. 2 in, 
and the others 5 ft. ‘The end posts are similar to those of the 


other spans, and have a sectional area of 28.4 square inches, 
The next two struts have an area of 8.8, and the rest to the 
centre an area of 7.6 square inches, the two T irons, of which 
éach strat is composed, being connected by a 3 in. plate instead 
of by diagonal bracing, as in the larger spans. The tie bars are 
placed in pairs outside the vertical plates of the chords, as in the 
other spans, and are of the following dimension: 





Two of Gin. by $in. Area of pair=7,.50 square inches. 
T j 25 


wo 6 a 99 =O % 
Two 4 $ ” » =5.00 ” 
Two 3 2 me 99 23.75 * 
Four 2) 2 2 9 323.12 ‘ 


’ 

A middle section of the chord is shown in Fig. 6. The top 
chord at its middle section has one horizontal plate, 18 in. x } in., 
two vertical plates, 12 in. x 4in., and two angle irons, 3} in. x 
8 in.x¥,in., making an area of 26.7 square inches. The 
bottom chord at the middle has one horizontal plate, 18 in. x 
ys in., with the same sized vertical plates and angle irons as the 
top chord. The area of the cross section is 25.6 square inches, 
or, deducting rivets, it is 22.0 square inches. At the ends, the 
top chord has a horizontal plate of ,§, in., and the bottom one of 
is with the same vertical plates and angle irons as at the middle, 
Between the vertical plates of the top chord there are cast-iron 
distance pieces, _— near the lower edge and bolted through 
the plates to stiffen them. There are two of these in each panel 
between the vertical posts. The girders are braced horizontally 
by T bars, 4in.x4in.X yj in., across the top and bottom, and 
wit diagonal braces lin. in diameter. These spans rest upon 
castings as before described, one end being fixed, and the other 
movable on rollers to allow for expansion and contraction. 


After being put in place, each two of these spans was con- 
nected together by plates riveted to the top chords at the fixed 
ends. ‘The fixed endsof each pair of spans are placed together 
and the expansion allowed for at the other ends. This connect- 
ing plate is only to retain the girders in their proper relative 
positions, and is not intended to act at all on the principle of a 
continuous girder. ‘These spans were framed and built with a 
camber of 2in. As near as could be measured, the actual 
average of the twelve spans was 1g: in. After the blocking was 
removed, and the girders subjected to heavy loads, the camber 
was yy of an inch less, making the present camber 11} in. In 
these spans, lin. rivets are used in the ends of the tie bars and 
posts, { in. in the chords, and in. rivets in the posts. These 
spans were all constructed in the same manner, inside the old 
wooden trusses, which were strengthened to bear the extra 
weight of the iron. The new girders were built about two feet 
above their proper position, so as to bring the top chord above 
the floor timbers upon which the track rested, and which were 
placed across the top of the old trusses. A flooring was put 
into the bottom of the old bridge, and a staging built up to the 
proper height for the bottom chords of the new girders. After 
the girders were completed in two adjacent spans, before the 
lateral bracing was put in, they were lowered into their proper 
positions. To do this it was necessary to remove the old floor 
timbers above mentioned, passing through the new girders below 
the top chord. The only interval of sufficient length during 
which no trains passed over the road was the time between the 
Sunday morning and Sunday night trains; which was, therefore, 
taken lor the operation of lowering thesé span into the position 
they were to occupy. Everything being in readiness, after the 
train passed early on Sunday morning, the old track and timbers 
were removed, and the trusses lowered by means of hydraulic 
jacks, and placed on the plates previously fixed on the piers to 
receive them. The new floor beams were put on and the 
track replaced in readiness for the Sunday evening train 

The tow-path span, which is shown by Fig. 4, differs from 
those above described in the tie bars extending across one panel 
only. The length of the girders is 76 ft. 9in., the depth between 
horizontal plates 7 ft., and the distance apart between centres 8 ft. 
9 in. Each girder is divided into 13 panels of 3 ft. 8 in., by struts of 
the same construction as those of the 88ft. Sin. The end 
struts have an area of 25.19 square inches. The next strut to 
the end, in addition to the two T bars and the connecting plate, 
has side plates, 9gin.x}in., to give it more stiffness. The 
sectional area is 13.47 square inches. The other struts to the 
centre are composed of two T bars connected by a plate, and 
vary in sectional area from 9.74 to 7.52 square inches, 


The tie bars are arranged in a similar manner to the other 
spans, and are of the following dimensions :;— 


Qin. by 2: in. Area of pair=12.37 square inches. 
9 4 ” yy) 11.25 ” 

8 t ” xy = 9.00 ” 

6 s ” eo = 7.50 ” 

5 § mm » = 6.25 ” 

4 a ” s = 5.00 ” 

3 a 9 » = 3.75 ” 

2 } ” » = 3.12 ” 

24 4 % » = 2.50 


” 
The ties extend two panels beyond the centre, being all that 
is required. . 

The top chord at its middle section has one horizontal plate, 
18in.Xin., two vertical plates, 12in.x4in., and two angle 
irons, 34in.x3}in.x,in., making an area of 31.2 square 
inches. The bottom chord, at its middle section, has one hori- 
zontal plate, 18 in. x $ in., two vertical plates, 12 in. x} in., aud 
two angle irons, 34 in. x3}in. x; in., making an area of 29 
square inches, or, deducting rivets, 25 square inches. At the 
ends, the top chord has a horizontal plate of ,°,in., and the 
bottom chord one of ,'; in. in thickness, with the vertical plates 
and angle irons of the same dimensions as at the middle. These 
chords are of the same form as the preceding span, a section of 
which is shown in Fig. 6, and like them have distance pieces 
and bolts between the vertical plates of the upper chords, two 
to each panel. ‘his truss has lateral bracing as follows: across 
the top and bottom are seven T bars, 4 in. x 4 in. x $in., between 
which are horizontal diagonal braces of 1 in. round iron. There 
are four sets of vertical cross braces of 14 in. round iron at each 
alternate T bar. The ends of the girders rest upon cast-iron 

lates arranged at one end with rollers, as before described, and 
fixed at the other. Lin. rivets were used for the ends of the 
ties and struts, Zin. rivets for the chords, and fin. rivets for 
the struts. This span was built with a camberot ljin. In the 
old bridge there was one continuous truss across the first two 
spans of 140 and 76} ft., framed as though it was originally 
intended for one long span of 2163 ft. The girders were above 
the level of the track, while in the new iron bridge the ‘track 
passes over the top of the girders of the second span. As the 
old superstructure had to te removed from the piers before 





bringing them up to the proper height for the new girders, it 





was considered best to support the lower chords of the old 
trusses with trestles, which likewise carried the cross pieces for 
the platform of the new girders. These were built in the same 
position as those of the 884 ft. spans, with the top chord above 
the old floor timbers, and were lowered into their places by 
similar means. 

The two remaining spans of 43 ft. and 25} ft. are formed of 
single-web plate girders, and do not require any detailed descrip- 
tion. An elevation and section of the former is given in Figs. 7 
and 9, and of the latter in Figs. 8 and 10. The draw span, being 
built on shore, was placed in its position as follows: The 
masonry being already prepared for it, each of the girders was 
placed on a car and carried on to the bridge. The old floor 
timhers were removed and the girder lowered to its x by 
means of hydraulic jacks. The cast-iron plates upon which the 
girder rests, and which, in the case of these girders, are not pro- 
vided with rollers, were attached to the girder and lowered with 
it upon the masonry, or rather upon the oak packing which had 
been prepared for it. After both of the new girders were in 
position, the floor beams were laid, and the old girders jacked 
up, loaded on cars, and removed. The girders of the 25} ft. 
span were placed in position in a similar manner, but, being so 
much lighter, with much less trouble. 

The superstructure of the whole bridge, with the exception of 
the canal span, is formed of wooden floor beams, 17 ft. 9 in. 
long, 7 in. x 12 in., laid across the tops of the girders 20 in. apart 
from centre tocentre. Upon these rest the longitudinal stringers, 
Yin. X15 in., which support the track. In the canal span the 
track timbers rest deeallyt upon the iron floor beams, and are 
composed of three pieces each, 6in.x12in. It was originally 
designed to have iron floor beams on the whole bridge, but the 
high price of iron and the increased cost led to the substitution 
of wood. The bridge is so constructed, however, as to admit of 
the substitution of iron beams for the wooden ones whenever it 
shall be deemed desirable. The deck of the bridge is to be 
planked, painted, and sanded, and is to have a handrail consist- 
ing of two iron rods supported by cast-iron posts 5 ft. apart. 
The whole of the ironwork has been thoroughly painted and 
protected from the effects of oxidation. 

Owing to the disturbed state of America at the time that this 
bridge was to be constructed, and the consequently inflated 
currency, and heavy duties on almost all manufactures, it was 
found better to let the contract for the ironwork to firms in 
this country, and it was accordingly divided between Messrs. W. 
Fairbairn and Co. and the London Engineering and Iron Ship- 
building Company, the former manufacturers taking the prin- 
cipal portion and the latter the two westerly spans. The iron 
of which the bridge is built was thoroughly tested in England. 
That of which the tie bars are made is capable of bearing a 
strain of 24 tons to the square inch before odie and that 
used for the chords has been likewise tested with a strain of 
20 tons to the square inch of section. The several spans 
are intended to bear a rolling load of one ton to the lineal 
foot in addition to the weight of the bridge, with a due allow- 
ance for snow and the effects of the wind. 

The total load for which the several spans are proportioned, 
including the weight of the bridge, is as follows:—F or the canal 
span 2} tons to the foot; for the tow-path span, 2 tons to the 
foot; tor the draw span, 2 tons to the foot; for the 88} ft. spans, 
2 tons to the foot; for the channel span, 23 tons to the foot; 
for the 254 ft. span, 24 tons to the foot. It is calculated that, 
with the greatest load that can possibly come upon the bridge, 
there shall be no tensile strain upon the iron of over 5 tons 
to the square inch, and no compressive strain of more than 4 
tons to the squareinch on the chords, and none of over 3 tons 
to the inch on the vertical struts. 

During the construction of the bridge, as soon as any part 
was finished and the track placed upon it, heavy trains, weigh- 
ing about 1 ton to the foot, were run over it to test its safety. 
These loads were not so heavy as it was designed ultimately to 
subject the bridge to as a test, on account of the rest of the 
bridge, where the ironwork was not completed, not being in a 
condition to bear the extra strain. The channel span, however, 
was subjected to a severe test by loading it with railroad bars, 
in addition to a heavy train of four cars loaded with iron, with 
the engine and tender—in all about 220 tons, This would 
be about 1} tons to the foot. With this load the deflection 
of the girders was 3?$in. on one side and ;% in. on the 
other. When the load was removed there was a permanent 
derlection of only ,*, in. on one side and none on the other. The 
canal span was also tested, after the bridge was completed, 
with a train of three cars loaded with railroad iron and an 
engine and tender. The cars were loaded with 120 bars, and 
weighed about 30 tons each, the engine and tender weighing 
about 40 tons—in all, 130 tons. This load was not quite as long 
as the canal span, being 132 ft. in length. It deflected the 
girders ,°,in. on one side and in, on the other while passing, 
with no permanent deflection to be observed after it had left the 
span. This load was run over the whole bridge, and tested the 
shorter spans more thoroughly than the canal span, as the part 
of the load at one time on each of the shorter spans was more 
than a ton to the foot. 

The total weight of the ironwork in the bridge is as follows: 


ft. in. tons cwt. qrs. lb. 
1 span of 140 0 ose ove 91 4 2 19 
1 ~ 76 9 - B26 
6 e?e! SS ore 's.4 3 
a. = ae wt* a ae ae 2 oO 
12 spans of 88 6 (av, 29190 4§)359 8 2 0 
1 span of 25 6 eee om © 2's 
Bolts for timber work... se 3 18 O 24 
Total weight ... ove ow. 623 i9 38 8 


The weight of the wooden superstructure, together with the 
rails, is about 325 pounds per lineal foot. This includes the 
whole length of the bridge except the canal span, where the rail 
stringers rest upon iron floor beams. The above weights do not 
include the proposed decking and railing which it has now been 
decided to put on. 

The cost of the bridge was greatly increased by the high rate 
of premium upon gold at the time that the payments for it were 
made. The details of the cost are given in the following state- 
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COST OF IRONWORK. 
624 tons of bridge iron at Liver- 

pool and London ingold § 53,400.22 

Tools and hydraulic jacks 943.12 


U.S. Currency. 


” 


Freight to New Yor’ ne 2,342.10 
Insurance to New York 579.18 
Commissions and charges _,, 1,544.65 
Duties Me 18,796.40 
Premium on above amounts of 

gold, in currency, ‘ 73,120.68 


ee 
Cost, delivered in New York, in U, §, curreney,} | $ 150,726.35 


Freight, New York to New . i 
aven, in curreney 1,140.22 
Insurance, New York to 
+ New Haven ” 689.62 
ransportation on is, 
ouluetinn iron * ¥e o 2,580.97 
Erecting ironwork, labour, iasebh 
and tools ue 9 16,985.34), 
Rivets and iron-in® United 
States ” 843.24 
Coal used ni 148.88} 


22,883.27 
$ 173,109.62 


Cost of ironwork of bridge erected, in U. s. 
currency Got bis, ee | nt ae 





COST OF MASONRY, TIMBER WORK, .&c. 
Masonry, 1906 cubic perches, including founda- 

tions ... a ra a ain ise 37,586.05 
Piling, staging, maintaining travel, removing 

old bridge, &c. - at po és 15,744.07 
Timber used in floor beams and decking 7,600.00 
Painting ironwork ase Pa was nai 1,949.82 
Add for completing iron side-railing, decking 

and painting ... ‘ eee eee 


: ev 6,500.00 
Engineering and miscellaneous ... see eee 


22,295.07 








Total cost-of bridge, in U. S. currency... $ 264,784.63 





__ The work of erecting the bridge was commenced the last week 
in June 1865, and progressed without interruption until the 
whole of ‘the ironwork was completed on the Ist Feburary of 
the present year. The difficulty of conducting the work was 
of course very greatly increased by the fact of the bridge being 
for a single line only, so that the ordinary method of construct- 
ing half the width of the bridge at one time, and carrying the 
whole of the traffic over on the up and down lines alternately, as is 
done in renewing double-line bridges could not be followed. The 
difficulty was also increased by the frequency of the trains, 
there being twenty-two regular and from two to four extra 
trains over the bridge daily, principally during working hours. 
The fact of the undertaking having been successfully carried out 
without the traffic being interrupted for a single day reflects the 
greatest credit on the engineer and those in charge of the works. 








Tue Sotway Viapucr.—Great progress has lately been 
made in the constrnction of the viaduct over the Solway. The 
report of Mr. Brunlees, the engineer, states that the progress of 
the works of the Solway viaduct has been satisfactory. The 

iles for 120 piers are now driven, and the contractors, Messrs. 
aring Brothers and. Eckersley, confidently anticipate that 
those for the remaining 51 piers will be finished in the course of 
three months from the’ present date. As the contractors’ efforts 
have been chiefly directed to the pile-driving, comparatively little 
has‘been done towards the erection of the superstructure; a 
length of 150 yards has, however, been completed, and the manner 
in which it withstood the unusually heavy gales that occurred 
during the high tides of last spring affords every guarantee of 
the stability of the structure. 

Pumpinc Macninery at DeMERARA.—Messrs. Gwynne 
and Co.’s pumping machinery supplied to the Goedverwagting 
estate, Demerara, was last month inspected by the Lieutenant 
Governor and a number of the leading gentlemen of the colony, 
who expressed themselves satisfied with its compactness and 
the efficiency with which it performed its work. The machinery 
had been at work at intervals during the previous month, and 
had been found capable of keeping the whole estate clear of water 
during the heaviest rainfalls. The consumption of coal was four 
hogsheads = day, and the height of the lift from 4 ft. to 
4ft. Gin. We hope to be able to give further details of the per- 
formance shortly. 

STAFFORDSHIRE Iron.—Prices cannot be quoted. Some 
sales were made at 3/. 10s. for mine iron, whilst some indepen- 
dent makers asked 3/. 17s. 6d., and cinder and common iron 
were reported to be sold at 2/. 7s. 6d. Nothing but ruin can 
follow this state of things, and the workmen must prepare for 
what, at least, must be called very trying times. Withal, our 
judgment inclines to the fact that no actual alteration in prices 
is needful, as no further orders would be given out —Charles 
Ryland and Son's Weekly Report. 

PANAMA AND SyDNEY.—The outward mail service from 
Panama to New Zealand and Australia was commenced on the 
24th of June, the appointed day, by the sailing of the Rakaia 
steamer for Wellington and Sydney. She embarked mails, pas- 
sengers, and cargo from the Royal West India Company's 
steamer, which left Southampton on the 2d of June. 

Tur. AMERICAN Navy.—The Chattanooga, one of the new 
American frigates, has attained a speed of 153 statute miles, 
equal to 13.687 knots per hour. She has engines, made by 

errick and Son, of Philadelphia, having 84 in. cylinders and 
4 ft. stroke. The consumption of coal was 12,000 lb., or 5 tons 
eta per hour. The revolutions averaged 444, the maximum 

ing 52. 

THe Acnities.—The report that, when the iron-clad 
Achilles-was recently placed in dock, it was discovered that one 
of her cylinders was split, has proved to be unfounded. One or 
two of the ribs, or division pieces, in the slide-valve ports were 
cracked through contraction, a casualty not unnsual in large 
castings. These cracks were soon repaired. 





RECENT PATENTS. 


Amoye the patent specifications published this week, 
we select about thirty for brief notice. 

T. F. Cashin, of Sheffield, and J. F. Allender, of the 
Parkgate Ironworks, patent (No. 2461, a.p. 1865) im- 
provements'in mechanical puddling apparatus, and with 
these “Wliey include a puddling furnace, of which the 
bed is citculat, and is made to revolve slowly upon a 
vertital spindle.’ The rabble is to be so worked by a 
crank lever and cam that it will rise out of the iron 
near the'end of each stroke and drop vertically into 
the he tigain at the beginning of the next stroke, the 
objest being to prevent the present motion of mecha- 
nigal fabblés: from working the iton to the outside of 
the bed. There is a dodge also for cleaning the grate 
of the puddling furnace from slag and clinker. The 
grate isto be made in two halves, each: half having a 
set.of bars connected at their ends to a pair of cross 
bars. The. Jatter, and, of course,’their attached fire 
bars, may be lowered, and then turned bottom upwards, 
being turned upon a pair of trunnions, and in that 
position they may be thoroughly cleaned. Before 
either half of the grate is lowered, a sliding flat plate 
is pushed forward between the burning coal and the 
grate to sapport the fire while the grate is removed. 
Messrs. Cashin and Allender speak of making their re- 
volving puddling bed of considerable depth, and of 
drawing off the iron by tapping, preparatory to its con- 
version by the Bessemer process. They allege that 
thus they may adapt inferior qualities of iron to the 
Bessemer process. This conclusion is doubtless based 
upon the ascertained fact that sulphur and phosphorus 
are partly removed during puddling, and even before 
the iron comes to nature, after which change it could 
not, of course, be run off by tapping. 

A. V. Newton, of 66, Chancery-lane, as the agent of 
G. W. Edge, of Jersey City, U.S., patents (No. 2465) 
a mode of burning out the carbon which forms within 
clay retorts in gasworks, especially near the hinder 
end or back in the case of retorts which open only 
from one end. ‘The plan consists of directing a swilt 
current of air, by means of a jet of steam in an air 
pipe, upon the carbon while it is red hot. 

W. §E. Newton, of the same address, and as the 
agent of a French inventor, patents (No. 2466) a 
curious scheme in connexion with guns. The inventor 
proposes to bore a number of holes through the sides 
of the gun, near the muzzle, and to surround these by 
an enlarged closed chamber. No rationale of the effect 
due to this chamber is given beyond a general state- 
ment, which must be taken for what it is worth, that it 
will “ augment the accuracy of flight by the detention 
“of the explosive gases,” and that it will diminish re- 
coil. But how? 

G. T. Bousfield, the agent of N. F. Potter, of Provi- 
dence, U.S., patents (No. 2469) apparatus for sepa- 
rating the undecomposed vegetable fibre from peat, and 
for moulding and drying it. 

George Eveleigh, of Southampton (No. 2472), pro- 
poses to grind or bruise the fibre of the palmetta plant 
to convert it into pulp for paper-making. 

Alfred Moore, of Moore, near Warrington (No. 
2474), patents a wonderfully ingenious system of self- 
acting railway danger-signals, which each train is to 
put on as it passes, automatic apparatus being schemed 
to take off the signal again after a certain short interval 
of time. The wheels of the train are to strike and press 
down the short end of a long lever, which is to put on 
the signal, lock it in place, and set to work a pneu- 
matic apparatus of air cylinders, pipes, weights, levers, 
catches, &c., which after a certain time shall release 
the signal again, and leave it as before. Most inge- 
nious, but, we fear, from what we have seen of such 
contrivances, not entirely practicable. Everything 
must move like clockwork, to be of any use, although 
the train may be tearing over it at sixty miles an hour. 

William ‘Tatham, of Rochdale (No. 2476), patents 
self-weighting top rolls for doubling and spinning 
frames. In some cases, the top rollers are to be made 
of lead to obtain greater weight for a given size. 

William Morgans, of Brendon Hills (No. 2477), 
patents coke and charcoal ovens. ‘The ovens are espe- 
cially constructed to facilitate their being easily and 

uickly emptied. ‘They are to have movable bottoms ; 
they are to be tilted when the charge is drawn; the 
doors are to be of the full width of the oven, &. In 
some cases, the coke ovens are to revolve upon trun- 
nions or upon rollers. A hollow core, with its sides 
perforated with holes to take off the gas, is to be set 
up in the centre of the oven. Bars are to be thrust 
into the coal, and withdrawn after it has caked, so as 
to form flues or channels to facilitate the escape of 
. And the coke is to be trapped, as drawn, in close 
Cath: so as to exclude the air from it until it cools. 





John Boffey, of Sheerness, and C,.W. Smith, of 19, 
Salisbury-street, Strand, patent a coating for boilers and 
steam pipes. For boilers a coat, } in. thick, of the follow- 
ing mixture is to be put on, and allowed two or three 
days to dry: | ewt. of mastic, 5 ewt. of whiting, and 
14 gallons of linseed oil. Before it dries, its surface is 
to be stuck over with sharp bits of oyster-shell. A 
further mixture, as follows, is to be afterwards laid on 
in }in. coats: 1 ewt. Roman or Portland cement, 
3 ewt. sand, 101b. cowhair, the whole to be mixed 
with water to the consistency of putty, and to be laid 
on with a trowel like plaster. Other mixtures are 
also specified. 

J. J. McComb, of Liverpool (No. 2481), patents a 
paddle-wheel with helical floats, as if that were new. 

C. H. L. Wintzer, of Hanover (No. 2482), patents, 
as we some time since described, the employment of 
chlorine gas, or chloride of calcium, in the blast fur- 
nace, puddling furnace, and Bessemer converter, for 
the purpose of removing phosphorus from the iron. 
This invention has been tested at Sheffield, but without 
satisfactory results. 

Benjamin Wren, a miller, of Stockton-on-Tees (No. 
2485), patents means for cooling the.meal and precipi- 
tating the stive in corn mills. The meal-spout has a 
fluted delivering-roller revolving within it, and occupy- 
ing its full diameter. With the protection of this roll 
a blast of cool air may be blown up the meal-spout 
without causing a back pressure in the millstone 
case. Cold air is also blown into the millstone case, 
and there is a system of depositing floors or shelves 
for stive, the same in principle, we think, as Perri- 
gault’s, already in use in a number of English mills. 
Mr. Wren’s patent also includes the drying of damp 
grain by means of warm air. 

W. LE. Metford, of Taunton (No. 2488), has a speci- 
fication divided into five chapters, and which includes 
the rifling of ordnance, explosive bullets and helical 
vanes at the front end of the bullet to assist in con 
tinuing its rotation during flight. The twist of the 
rifling is to be lajd out by a given formula, the object 
being to give equal increments of rotation in equal 
times. The patentee states that he invented explosive 
bullets in 1861, and that Mr. Whitworth subsequently 
patented them. 

A. M. Bennet, of Oakfield, Gateacre, near Liverpool, 
patents (No. 2490) avery neat apparatus for deter- 
mining the specific gravities of bodies from their dis! 
placement. Bodies lighter than water- are first floated 
in the water, and their displacement carefully noted, and 
are afterwards wholly immersed, and ‘the additional dis- 
placement observed. The specific gravity is then easily 
obtained by computation. Bodies heavier than water 
are first wholly immersed, and then floated ina vessel 
of known displacement. The different displacements 
give the elements needful for calculating the specific 
gravity. 

Isaac Smith and W. FT’. Batho, of Birmingham 
(No. 2494), patent boilers and heating and evapo- 
rating apparatus. ‘The plan is a modification of Jacob 
Perkins’s pendent tubes as now used in the Field 
boiler. Perkins used an internal tube to obtain due 
circulation of the water, and Mr. Field has improved 
upon this very considerably by the simple expedient of 
flaring out the top of the inner tube. Messrs. Smith 
and Batho propose to divide the tube diametrically by 
a partition reaching nearly to the bottom, the water 
being expected to come down on one side of the parti- 
tion and to rise on the other. 

C. F. Cotterell, of Cannock, Staffordshire (No. 
2503), patents a mode of making the connexions be- 
tween service pipes, for water or gas, and the mains, 
the object bemg to prevent, as far as possible, all 
escape from the mains. 

Joseph Duke, of Puriton, Somerset (No. 2505), 
patents the burning and grinding of the slaty limestone 
of the Devonian slate deposit, the schistose limestone 
of the Grauwacke group, or limestone slate, as a sub- 
stitute for chalk in the manufacture of cement. 

J. and G. Addenbrooke and P. A. Millward, the 
first-named gentlemen of the Rough Hay Ironworks, 
near Darlaston (No. 2507), patent the mode of taking 
off the gases of blast furnaces described in an article 
upon the subject in our last number, and to which we 
must refer those interested in the subject. 

J. A. Mee, of Frailsworth, near Manchester (No. 
2509), patents a cylindrical metallic sheath between 
the core and the outer covering of submarine cables. 
The cylindrical sheath is formed of wires of segmental 
section laid closely together and helically around the 
core. Over this sheath comes the Manilla, and over 
this the usual outer wires, 


J. D, Hurst, of Deptford (No. 2510), patents a life 
raft, formed of two parallel pontoons with a deck rigged 








86 


ENGINEERING. 





[Aveusr 3, 1866. 








_——  - 


between them. We do not think the idea is at all new, 
but the apparatus looks promising. 

J. W. iyler, of 12, Abingdon-street, Westminster 
(No. 2522), patents a mode of attaching metallic 
roofing sheets to their purlins, rafters, &c., which is, 
we think, but a slight variation of that patented a 
week earlier by Robert Fox, and noticed in our last 
number. The difference is rather an apparent than an 
essential one. 

David Greig and R. Burton, of the Steam-Plough 
Works, Leeds (No. 2524), patent a travelling over- 
head crane, in which the travelling motion and winding 
are performed by the same endless rope; but this, 
upon the arrangement shown, requires a strong rope 
at a slow speed, and hence the patentees employ the 
late Mr. Fowler’s clip-drum to gripe the rope. We 
ae | yet illustrate one of these cranes. 

S. C. Salisbury, of New York (No. 2527), patents a 
metallic retort, to be placed among the buraing fuel 
upon the grate-bars of steam-boiler and other furnaces, 
and within this retort coal oil is to be gasified to mix 
with the gases already in the furnace! The details 
are schemed as if it were the most natural thing in the 
world to maintain a light metal vessel filled with oil 
amid a mass of incandescent fuel, upon which lumps 
of fresh coal were being frequently thrown, and which 
would be opened up every little while by the dart or 
poker of the stoker. 

The same patentee (No. 2528), patents the intro- 
duction of petroleum vapour along with the blast of 
blast-furnaces. It is easy to perceive that the object is 
to gain increased heat for smelting. The practical re- 
sult, however, if not an explosion, would be to main- 
tain a flame within the tuyeres themselves, and thus to 
rapidly burn them out, no matter how made or pro- 
tected. 

H. A. Bonneville, of 38, Porchester-terrace, Bays- 
water, as the agent of M. Bouniard, of Terre Noir, 
one of the principal ironworks in France, patents (No. 
2529) the Seontion of plate-metal cylinders by rolling 
from a hollow ingot. These cylinders are to form the 
rings of boilers, which would thus have no longitudinal 
joints. Mr. Ramsbottom, of Crewe, had, however, 
_— much the same thing a few weeks earlier. 

e briefly noticed this patent a few weeks ago, when 
we received a letter from W. S. Longridge, of the 
Alderwasley Ironworks, referring us to a still earlier 
patent for the same mode of forming boiler rings—a 
patent which he held in his own name. 

Charles Walker and William Preston, of Batley 
Carr, Yorkshire, patent an improvement in scribblers, 
or the first carding-engines in woollen factories. The 
object is, when working short-stapled wool, to obtain 
an unbroken roping from the doffer of the card cylin- 
der. To this end the patentees employ a vibrating, 
beating, or flapping plate, which, by means of a quick 
crank motion, flaps upon, and in a manner felts toge- 
ther, the fleece of wool coming off the doffer, and 
which thus readily takes and retains the rope form. 

W. E. Newton, of Chancery-lane, as the agent of a 
Mr. Needham, of New York, patents (No. 2537) a 
circulating system of pneumatic railways, in which 
trains are to be shot in one direction in one tube, and 
in the — direction in another, by the same suck- 
ing and blowing instrument. The details of this 
scheme appear to be very loosely worked out. 

James Dodge, of Manchester (No. 2548), patents 
what would appear to be most common-sense yet 
valuable ideas in connexion with the construction of 
file-cutting machines; although we know nothing of 
Mr. Dodge or his machines except from his specifica- 
tion. He causes his cutter to be followed, cut by 
cut, by a feeler, which, on coming to an imperfect cut, 
will stop the machine. Next, a very simple arrange- 
ment graduates the force of the blow in cutting, ac- 
cording to the varying width of the file, or rather the 
blank, being cut. He also prevents the rebound of the 
cutter from the blank by providing for a certain amount 
of elasticity in the bed of the machine. The table is 
made to return quickly when it has finished its cut, and 
to stop of itself, at each end of its travel. 

James Webster, of Birmingham (No. 2549), patents 
r gas meter with helical blades, instead of the usual 
orm. 

W. H. Phillips, of Nunhead, Surrey, the original 
patentee of the “ fire annihilator,” is out with a kindred 
patent (No. 2559). Mr. Phillips appears to have re- 
flected upon Major Vignon’s Exéincteur, or portable 
fire-engine, and he has patented placing the water, in 
the close vessel, under the pressure of compressed air, 
instead of carbonic acid gas. Air is to be pumped into 
the closed metallic vessel, to press upon the water, and 
thus to force it out through a cock and jet pipe when 
it is required to throw it upon a fire. This is, we 
think, a very old idea, and we might tun to one or 
two early patents which anticipate it. 








MESSRS. AVELING AND PORTER'S TRAMWAY LOCOMOTIVE. 
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In almost all parts of the kingdom there are to be found, in 
connexion with mines and quarries, tramways, some of them of 
considerable length. Within the last few years the horse power 
which was formerly employed for working these lines has, in a 
number of instances, been replaced by locomotives, and the cost 
of traction has thereby been materially reduced. In answer to 
the demand thus created, a number of engine-makers have 
brought out designs for small locomotives more or less specially 
adapted to the work to be performed, and amongst these is that 
of Messrs. Aveling and Porter, of which we give a perspec- 
tive view in the accompanying engraving. 

Messrs. Aveling and Porter are well known as successful makers 
of traction engines, and in their tramway locomotive they have 
adhered in many points to their usual plan of construction for 
road engines. In fact their locomotive may be described as a 
traction engine placed upon railway wheels, these wheels being 
coupled by the pitch chain which is employed to communicate 
the motion to them. Onur illustration represents one of three 
engines of this class supplied by Messrs. Aveling and Porter to 
the Grays Chalk Quarries Company, at whose works they are 
now regularly employed. The engine is rated at 10 horse power 
nominal, and has a_ single cylinder 10 in. in diameter, with a 
12in. stroke, this cylinder being fixed on the top of the boiler 
and surrounded by a steam jacket, as in Messrs. Aveling’s 
other engines. From the crank-shaft the motion is communi- 
cated by spur gearing to a countershaft carrying at its end the 
wheel for the pitch chain, the bearings of this shaft being 
placed in cupveleetn formed in the supporting brackets, so that 
the shaft can be raised and the chain tightened when necessary. 
The crank-shaft carries a flywheel, and the engine is fitted 
with the usual link-motion reversing gear. 

The pitch chain extends from the countershaft round the chain 
wheels fixed one inside each of the carrying wheels, and the 
chain thus couples the wheels together as well as communicates 
the motion of the countershaft to them. The carrying wheels 
are 4ft. in diameter, and are placed at a distance of 5 ft. 3 in. 
apart from centre to centre, the leading axle passing under the 
barrel of the boiler, and the trailing one being placed behind the 
firebox casing. The wheels are of cast iron, and the tyres of 
Naylor, Vickers, and Co.’s steel. The total weight of the engine 
is 9 tons, and this weight is equally distributed between the two 
axles. There are no springs. 

The boiler is of the ordinary locomotive class, and contains 60 
tubes 2} in. in diameter outside, and 5 ft. 6 in. long, these giving 
an external heating surface of 194 square feet. The firebox is 
3 ft. long by 2 ft. 7in. wide and 2 ft. 7in. high, and deducting 
the space taken up by the firehole door, &c., it consequently has 
a heating surface of about 28 square feet, making the total heat- 
ing surface of 222 square feet. The firegrate area is 7} square 
feet, and the boiler is usually worked at a pressure of 80 Ib. per 
square inch. The boiler is fed by a pump worked by an eccen- 
tric on the crank-shaft, and the feed-water is carried in a couple 
of tanks, one placed at the leading and the other at the trailing end 
of the engine, these tanks holding together about 350 gallons. 
The fuel is carried in a coal bunker formed on the footplate 
behind the firebox, sufficient space being provided to accommo- 
date from 10 ewt. to 20 ewt. of coal, according to the mode of 
packing. 

At Grays the line leading from the quarries to the wharfs is 
about a mile in length, and is laid to the 4 ft. 8} in. gauge, 
At the quarries it divides into two branches, one of these having 
a heavy incline of from 1 in 36 to 1 in 41 against the traffic, the 
incline being, moreover, situated where the line makes a series 
of reverse curves. The other branch has also a steep incline 
where it leaves the pits. On the branch first mentioned the 
regular load of each engine consists of fifteen wagons weighing 
about 1} tons each, and each containing 1} tons of chalk, the 
total load thus being 45 tons in addition to the weight of the 
engines. The engines are, however, capable of taking twenty of 
the loaded wagons up the bank, and a stil] heavier load has been 
drawn in some instances. On the other branch the load of 
each engine also consists of fifteen wagons, but in this case the 
wagons ure heavier, weighing 30 cwt. each, and they are each 
loaded with 23 tons of chalk. In this case, therefore, the total 
regular load is 56} tons besides the weight of the engine. Two 
of the engines supplied by Messrs. Aveling and Porter to the 
Grays quarries replaced two other locomotives previously at 
work there, and the saving effected by the change has been very 
great. During one week last year the two engines:formerly 








used conveyed 3138 tons of material from the quarries to the 
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whart, with a consumption of 141} ewt. of coal, the fuel 
consumed being thus equal to.51b. per ton drawn. On the 
other hand, two of Messrs. Aveling and Porter’s engines trans- 
ported during the corresponding week of the present year 
5100 tons of material with a consumption of 125 cwt. of coal, 
the expenditure of fuel being in this case equal to rather less 
than 22 lb. of coal per ton hauled. It is estimated that this 
difference in the quantity of coal required to perform a given 
work will save the company upwards of 260/. per annum in their 
expenditure for fuel alone, and a very considerable additional 
saving is also effected in wages, the present engines being 
worked by ordinary labourers instead of requiring skilled drivers. 
The price of each engine was 530/., and they can be used as 
ordinary portable engines for working pumps, &c., if required. 
In addition to the engines at the Grays quarries, Messrs. 
Aveling and Porter have made a number of others for various 
places, amongst them two for the Royal Dockyards at Chatham 
and Devonport, as well as one for Portsmouth, now in hand. 
One for the 3ft. gauge has also been sent to Brisbane, the 
wheels for the pitch chains being in this case placed outside the 
carrying-wheels, and one for the 5 ft. 6 in. gauge is being made 
for India. At Devonport the engine (which is of 10 h.p.) has 
been working regularly on rails weighing from 36 to 42 1b. per 
yard, its daily consumption being about 5 ewt. of coals; and at 
the Halling Lime Works, one of these engines has been for some 
time working on inclines of 1 in 20 and 1 in 12, the load in the 
former case being 5 and in the latter 4 tons. At the Lamb 
Wharf Chalk Works, Greenhithe, these engines are also 
in use. The line leading from the cliff to the wharf is about a 
uarter of a mile long, and rises 1 in 100. Up this bank one of 
the engines can take thirty loaded wagons, each weighing 2} tons ; 
it is found, however, more convenient to work with regular 
trains of ten wagons. The consumption of fuel is about 1} lb. 
of Hartley’s coals per ton transported. Altogether these engines 
have given abundant evidence of being well adapted for use in 
quarries and similar places where heavy loads have to be moved 
at slow speeds, and in such situations it appears that they will 
do the work at about half the cost incurred by the employment 
of horse power. 








Great Biowine Enoine.—The great blowing engine at 
Dowlais has since it was built, until lately, been the largest in 
the world. It has a 12 ft. blowing cylinder for a12ft. stroke, 
the steam cylinder being 56 in. in diameter, with a stroke of 
13 ft., the beam being unequally divided in length. A still 
larger engine is about being started at Ebbw Vale. The steam 
cylinder, as we are informed, is 72 in., and the blowing cylinder 
12 ft., while the stroke of both pistons is 13 ft. ‘This engine will, 
we believe, blow four furnaces at a pressure of blast of about 
4b. per square inch. 

Tue Prince Consort MemortaAt.—A vote was taken last 
week in the House of Commons for 71 tons of old gun-metal, at 
702. per ton, for the Prince Consort Memorial. The gun-metal 
is to be supplied from the dockyards. 

Tue Scnoot or NAVAL ARCHITECTURE.—This school, at 
South Kensington, numbers twenty-six pupils, whose fees are 
paid by the Admiralty. The vote taken for all expenses for the 
present year is 28007. The most promising young men in the 
dockyards are selected, and these study six months during the 
winter, and work practically in the yards during the summer. 

An American ‘tour.—Mr. George Berkley, Memb. Inst. 
C.E., sails to-morrow (Saturday) for a tour of a few weeks in 
the United States. 

Naputua.—An explosion of naphtha vapour occurred on 
Wednesday week at Bolton, causing the deaths of four persons, 

Tue Lancaster Ovat Bore.—It was stated in the House 
of Commons, on Monday night, by General Peel, in answer to a 

uestion put by Mr. Osborne, that the Lancaster oval-bore rifle 
das supplied to the Royal Engineers), when converted to the 
Snider breech-loader, had given better shooting than either the 
Enfield or five-grooved rifle; and that it was the intention that 
the Lancaster rifles should be converted into breech-loaders. 

TWEDDELL’s TUBE-FIXER.—At a recent trial of Tweddell’s 
hydraulic tube-fixer, at Messrs. Thompson, Boyd and Co.’s, at 
Newcastle, sixty-three tube ends were fixed by the machine in 
an hour and five minutes, and the average rate of working was 
forty-tive ends per hour. The tubes were all tight, and did not 
require to be touched by any tool after the machine had finished 
them. We gave an illustrated description of the hydraulic 
tube-fixer at page 313 of our last volume. 
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IMPROVED CONSTRUCTION OF LARGE ORDNANCE, BY DIFFERENTIATING OPPOSING 
PRESSURES BETWEEN CONCENTRIC TUBES.* 
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Tue annexed engraving represents an improved construction 
applied to a 12 in. steel smooth bore, for use in turret ships or 
elsewhere. It is in the larger guns for smashing as well as per- 
forating armour-plate where the full advantage of this system 
will be obtained. 

As this improved construction involves a distinct principle of 
its own, it will be more readily understood by describing it apart 
from all other considerations involved in the question. 

For this purpose, the system may be stated to consist in 
differentiating opposing pressures between concentric tubes, 
whereby the pressures increase in simple arithmetical ratio, 
from the outermost to the innermost small annular space 
enclosed between each consecutive tube and the next. = 

These pressures are created by the hydrostatic injection into 
these annular spaces of a molten alloy, fusible at a low red heat 
of iron, and allowing this. fluid alloy to cool and consolidate 
under great pressures, the relative rates of contraction on 
cooling between the alloy and material composing the concentric 
tubes being made as nearly identical as = In the 
adjoining rough sketch (A) of the differential principle applied to 
strengthening a hyérostatic press cylinder (which is composed 
of four concentric wrought-iron plate tubes and a cast-iron core), 
the tubes are 3 in. in thickness, and are turned and bored to fit 
at the ends only. They are then shrunk on one another, and 
on to the cast-iron core. The molten alloy is then pressed into 
the four successive annular spaces, with the respective pressures 
of one, two, three, and four tons per square inch. This can be 
effected in one operation by means of a differentia! valve attached 
to the press used for injecting the alloy. Consequently, each 
tube, whilst bearing only its own safety strain of one ton per 
square inch, and which is the difference or arithmetical ratio of 
the series, contributes its quota of strength and is summed up 
upon the cast-iron core, thus collectively with the others to 
exert its external crushing force before the internal bursting 
strain takes place. 

In the construction of ordnance on this principle, one additional 
operation to that described above is required, viz., to secure the 





concentric tubes from shifting with the shock of explosion by 


inserting a great number of small screws through the whole of 
the thicknesses of the concentric tubes, which can easily be done, 
when the gun is cool, without any fear of impairing the pres- 
sures in the annular spaces. 

The most striking advantages Claimed for this system may be 
described as follows: 

1st. Great strength; as every lamina of the material em- 
ployed is called into action, and, from the nature of tubes or 
plates, a greater percentage of strength may be calculated upon 
than if the same weight of gun was solid; and this is true, ir- 
respective of the indisputable fact that, after a certain thickness 
of solid metal has been arrived at, any addition thereto is of no 
further use in strengthening the cannon. 

2nd. A certainty of result; because the superimposed strains 
can be adjusted with the utmost nicety by hydrostatic pressure, 
which is perfectly determinable, and can be regulated to any 
required extent, and consequently the possibility of flaws or of 
unequal and partial shrinkages avoided. 

8rd. The ease of adaptation of the principle to the cast-iron 
service already in existence ; its simplicity recommending it as an 
admirable and economical substitute for the uncertainty of the 
“ coil” or other built-up processes applied to that purpose. 

The mode of stopping the breech requires no explanation, as it 
is simply an alternative design to the objectionable plan of 
piercing the side of the breech for admission of the breech-piece, 
and also to avoid any edges or corners, either in the gun or 
stopper, which can be damaged by the tremendous initial heat 
and force of explosion. The bar attached to the stopper and 
pulley thereon are merely shown in the engraving as the means 
whereby the stopper can be easily removed, with the addition of 
a lever and a chain slung from the top of the turret. 

These guns can be manufactured at a cost of fifteen per cent. 
less per diameter of bore than by any other mode of construction 
giving the same strength for the same weight of metal; and for 

ydrostatic press cylinders a reduction of at least half the weight 
per diameter of plunger than if made entirely of cast iron—a fact 
of considerable importance when carriage for any distance into 
the interior of a foreign country is necessary. 


* By H. Temple Humphreys, Assoc. Inst. C.E. 








BALANCE BEAM FOR LOCK-GATES. 


Fy 

WE give, above, an engraving showing an arrangement of, 
balance-beams for lock-gates, designed by Mr. James L. Watson, 
of the Indian Public Works Department. According to this 
plan, the bracket A, which forms the socket for the upper hinge- 
pin of the lock-gate, is formed with a sort of wu branch 
carrying a pin upon which the balance-beam bears, this pin being 
concentric with the hinge-pin of the gate. The balance-beam, 
which may be formed of iron, as shown in the illustration, or of 
wood, if that material is more convenient, is coupled to the upper 
end of the mitre post of the gate at B, by means of a pin pass- 
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ing a and a hole at the end of the beam; this hole 


being slightly slotted, so as to admit of some “ play” and the 
socket on the under side of the beam which bears upon the pin 
fixed in the bracket, A, being made rather “ bell-mouthed” for 
the same purpose. 

The balance-beam carries a loading-box at C, and this is in- 
tended to be loaded until the outer corner, D, of the gate swin 
clear of the ground, so that the outward pull upon the wall, 
which would otherwise be exercised by the top hinge, is done 
away with. This is a great advantage in cases where, as in 





India, there is a difficulty in obtaining a solid wall, owing to large 
blocks of stone not being always procurable, and where, conse- 
quently, all has to depend upon brick masonry. Of course the 
strain upon the wall could be prevented by balance beams applied 
in the ordinary way, or by friction rollers placed under the outer 
edge of the gate, as is frequently done; but in the former case 
the whole weight of the gate and balance beam has to be carried 
by the pin at the foot of the heel-post, and in the latter the 
rollers are liable to clog, particularly where there is much silt. 
In Mr. Watson’s arrangement the weight of the balance beam, 
loading-box, and half that of the {a is carried by the centre 
pin at the top of the bracket, A, and this, being always exposed 
to view, can thus be readily examined; whilst the remainin 
half of the weight of the gate rests upon the pin at the foot o 
the heel-post. Under these circumstances it seems probable that 
the gate would move very freely, and that the bearings could be 
readily kept inrepair. There are, no doubt, many cases in which 
the plan would be worthy of adoption. 








THE EMBANKMENT ON THE SouTit SIDE OF THE THAMES. 
—On Saturday last the first stone of the embankment, which is 
to extend along the south bank of the Thames for a distance of 
4300 ft. above Westminster-bridge, was laid by Mr. Tite, M.P., 
in the presence of a number of gentlemen. The first pile for 
the staging necessary to construct the coffer-dam was driven on 
the 21st of September, last year; and the dam itself, begun in 
less than a month afterwards, has since proceeded at the rate of 
about 50 piles a day, a length of 2300 ft., or rather more than 
half the full extent, being now finished. At a point about 
1200 ft. south of the bridge there is a cross-dam, from which 
the water was finally shut out on the 10th of May last, when 
the permanent work of the river-wall was commenced. We 
may here mention that the work to be ultimately accomplished 
will comprise the embankment of the river from Westminster- 
bridge to Gun House-alley landing-stairs at the bridge, and a 
—- and footway, forming a direct pan py ft. wide, 
from Westminster to Vauxhall. The amount of the contract, 
which is in the hands of Mr. Webster, is 809,000. The coffer- 
dam is formed of two rows of piles, 35 ft. or 40 ft. long, and 6 ft. 
apart, driven about 6 ft. into the stiff London clay. The river 
bed between the two rows is thoroughly dredged of gravel and 
all such loose substances down to the clay, and the space is filled 
in with puddle to a height of 3ft. above Trinity high-water 
mark, ‘The driving of the piles has been performed by the 
— steam pile-engine of Messrs. Sisson and White. The 
ine of the river wall will be about 20 ft. inside the line of the 
coffer-dam ; and, above Lambeth-bridge, it will be about 100 ft. 
within the existing wharf walls, thus considerably increasing 
the width of the river opposite Millbank. We believe that the 
minimum of this addition to the river’s width will be 700 ft. 
The foundation is taken out to a depth of 29 ft. Gin. below 
Trinity high water, which is 14 ft. lower than the bed of the 
river, and to a width of 16 ft. 6in, The trench is then filled in 
with Portland cement concrete to a height of 7 ft., and this is 
the level at which the brickwork commences. That work is 7 ft. 
thick in the front of the wall; and counterforts or buttresses run 
out for 6ft. more at the back, at intervals of 6 ft., the spaces 
being filled in with the concrete above named. The brickwork 
is carried up 2ft. higher, or 9 ft. above the lowest level of 
foundation, and then constitutes a bed to receive the first course 
of the granite facing. It is to this level that the wall is at pre- 
sent built, with its concrete foundation, for a length of about 
1000 ft. There are now on the ground between 4000 and 5000 
tons of Jersey, Guernsey, Cornwall, and Dartmoor granite 
making up a mass of 58,600 cubic feet. The construction o 
the coffer-dam is still being continued beyond the cross-dam, or 
end of the first section, and is completed for a further length of 
1100 ft. to Ferry-street Dock, about 100 ft. south of Lambeth- 
bridge, where in a short time another cross-dam will be made, 
and the water shut out of this second section. Cast-iron caissons 
were used instead of the timber piles, under Lambeth-bridge, in 
order to avoid risk to the foundations of the abutment. ‘The 
river foreshore has been excavated above low-water mark all 
along the line of wall as far as the end of Gun House-alley; 
and the gravel so displaced has been used for filling at the back 
of the intended wall, and for the making of concrete. The fore- 
shore enclosed by the first section of the dam, as far back as 
Palace-road and Bishop’s-walk, is the site ot the new St. 
Thomas’s Hospital, which will consist of seven distinct blocks, 
and of which the foundations for the third block have alread 
been commenced by the same contractor. When completed, 
this southern work of embankment will include 195,000 cubic 
yards of excavation, 175,000 of filling in, 37,000 of concrete, 
28,000 of brickwork in Portland cement, 420,000 cubic feet of 
granite, and 56,000 ft. of Yorkshire stone. A paved promenade, 
20 ft. wide, for foot-passengers, will be made along the top of 
the wall, and in front of the new hospital. This will be ap- 
proached by a handsome flight of steps from Westminster-brid 
and will extend to Lambeth Palace—a distance of 2000 ft. e 
roadway for carriages from Stangate will be along the line of 
the present Palace-road and Bishop’s-walk, and thence skirting 
the river to Gun House-alley and High-street, Vauxhall. 

Tue CiLEeveLAND Disrrict.—Among the furnaces now 
damped out in the Cleveland district are 8 at Eston, 9 at South 
Bank, 6 at Clay Lane, 7 at Cargo Fieet, 3 at Cleveland, 6 at 
Teeside, 3 at Thornaby, and, we believe, 4 at Newport. Nearly 
3000 men are locked out. 

Tue CuRVELINEAR SLOTTING-MACHINE.—Messrs. Sharp, 
Stewart, and Co., of the Atlas Works, Manchester, have just set 
to work acurvilinear slotting-machine, for shaping the inner sur- 
faces of wheel rims, and which is similar to that designed by 
Captain Webb, while at Crewe, where it has for some time been 
in regular and successful use. 

Tue BLAKELEY OrpNANCE CompaNy.—An order was 
finally obtained on Friday last for the compulsory winding up 
of this company, which has had a meteoric career, dazzling by 
its promises, and disastrous by their non-fulfilment. 

Krupr’s Guns.—It is understood that Krupp will send next 
year to the Paris Exhibition two 15 in. cast-steel guns, weighing 
each 50 tons. These will be first fully proved, and in case o 
the least failure they will not be exhibited at all. 
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THE CARNFORTH BLOWING ENGINES. 


WE last week gave engravings, accompanied by a par- 
tial description, of the engines erected at the works of 
the Carnforth Hematite Iron Company, by Messrs. 
Rothwell and Co., of Bolton, and we now intend to 
supply some further particulars respecting their con- 
struction and working. As we mentioned last week, 
the steam cylinder of each engine is 46 in, in diameter, 
and has a stroke of 10ft., and the weight of each 
cylinder casting with bottom and cover is 9 tons 10ewt., 
the steam chest weighing 4 tons 8 cwt. in addition. 
The steam pistons are of cast iron fitted with steel rods 
6 in, in diameter, and with metal packing kept up to its 
work by steel springs. 

The blowing cylinders are each 100 in. in diameter 
with the same stroke as the steam cylinders, and the 
weight of one of them, including the cover, bottom, and 
air valves, is 27tons. The pistons of the blowing 
cylinders are of cast iron, and are fitted with leather 
packing secured to wooden segments for convenience 
of removal and exchange. The air valves are of leather, 
with cast iron “grid” seatings, and the clear area 
through the inlet valves is not less than 20 square feet, 
and that through the delivery valves 10 square feet. 
The piston rods are of steel, and are 63 in. in diameter. 
The chamber between the blowing cylinders, into 
which the air is delivered by them, is made of wrought- 
iron plates, yin. thick, and has a capacity of 513 
cubic feet. 

The valves of the steam cylinders are of the Cornish 
double-beat class, and are worked by means of cams 
nlaced on a cam-shaft situated just above the floor of 

he engine-room, and driven from the crank-shaft 
through the intervention of a longitudinal shaft and 
bevel wheels. ‘The steam valves are 12in. and the 
exhaust valves 14 in. in diameter, and the cams are ar- 
ranged so that the steam can be cut off at three 
different points in the stroke. The valve spindles are 
of brass, and handles, &c., are provided, so that any 
one of the valves can be lifted separately. 


The beams are formed of wrought-iron plates and 
angle-irons, as stated last week, and are 4 ft. 8 in. deep 
in the centre and 1 ft. 9 in. at the ends. The whole of 
the beam centres are made of Bessemer steel, the main 
centres being 13}in. in diameter where they pass 
through the beams, and their necks being 10 in. in 
diameter by 15in. long. The centres of the steam and 
blowing cylinders are 9 in. in diameter in the beams, 
and have necks 73 in. in diameter and § in, long, and 
those for the air-pumps are 5 in, in diameter in the 
beam and 3} in. in Facute at the necks, the latter being 
4in. long. The centres to which the connecting-rods 
are attached have necks 7$in. diameter and 10 in. 
long, the part passing through the beam being 9 in. 
in diameter. The centres for the hot and cold water 
pumps are fitted to the beams in the same manner as 
the others. The weight of one beam, with centres, is 
11 tons. 

The air-pump of-each engine is 2 ft. 8 in. diameter, 
with a stroke of 5 ft., and the cover is jointed to the 
cylinder of the pump with an india-rubber ring. The 
air-pump brackets are of cast iron, with india-rubber 
valves, and the bolts and nuts are of tough brass. The 
foot and delivery valves are also of india-rubber. The 
hot well of each engine is cast on the air-pump, and 
the condenser, which is a separate casting, has a 
capacity of about 30 cubic feet. The force pumps are 
12 in. in diameter, with a stroke of 5 ft., and they 
deliver the water into a tank placed at the top of the 
engine-house, whilst the hot-water pumps are 5} in. in 
diameter, with a stroke of 2ft. Gin., and deliver into 
the hot-water cistern, 

The crank-shafts are o7 Bessemer steel, and are 
1 ft. 7in. in diameter in the middle, with bearings 
1 ft, 2 in. in diameter and 1 ft. 10 in. long. They are 
turned all over, and the weight of each shaft is 3 tons 
Lewt. The diameter of the flywheels is 25 ft., and 
each weighs 18 tons ; they are each keyed on the cor- 
responding crank-shaft by four steel keys 44 in. wide. 
The connecting-rods are of English oak, 20 in. by 
13 in, at the centre, and 9 in. square at the ends. The 
wrought-iron strap by which each of them is 
strengthened is 9 in. by }in., and the edges are 
polished. The ends are fitted with guu-metal steps 
and wrought-iron gibs and cotters. The pedestals for 
the crank-shafts and main centres are fitted with brass 
steps, and those for each main centre are supported 
by a massive entablature weighing 124 tons. 

The engines, which form a fine example of modern 
construction, are supplied with steam from boilers 
heated by the waste gases from the blast furnaces, the 
boiler pressure being 40 lb. per square inch. ‘The 
blast pressure is from 31b. to 34 1b. per square inch. 





The ordinary working speed of the engines is 15 
revolutions per minute, and at this speed they supply 
air to six large furnaces. 





THE IRONCLAD ARMAMENT. 

Tue armament of our iron-clad fleet has only at last been 
definitively settled, and for the present we may consider that it 
is not armed at all, The final intended armament is as follows; 

IN COMMISSION, : 

1. Prince Albert, turret ship, four 12 ton 9 in, muzzle-loading 
rifle guns, 

2. Royal Sovereign, turret ship, five 12 ton 9 in. muzzle-load- 
ing rifle guns, ‘ 

3. Wyvern, turret ship, four 12 ton 9 in, muzzle-loading rifle 
guns. 

4. Achilles—Main deck, four 12 ton 9in. and eighteen 6 
ton 7 in. muzzle-loading rifle guns; upper deck, four 6 ton 7 in. 
muzzle-loading rifle revolving guns. 

5. Black Prince.—Main deck, four 9 ton 8 in. and twenty-two 
6 ton 7 in. myazzle-loading rifle guns ; upper deck, six 6 ton 7 in, 
muzzle-loading rifle guns—four as chase and two as side guus. 

6. Hector.—Main deck, two 9 ton 8 in, and twelve 6 ton 7 in, 
muzzle-loading rifle guns; upper deck, four 6 ton 7 in. muzzle- 
loading rifle guns, as chase guns. 

7. Defence.—Muin deck, two 9 ton 8in. and ten G ton 7 in. 
muzzle-loading rifle guns; upper deck, four 6 ton 7 in, muzzle- 
loading rifle guns, as chase guns. 

&. Resistance.— Main deck, two 9 ton 8 in, and ten 6 ton 7 in. 
muzzle-loading rifle gans; upper deck, four 6 ton 7 in. muzzle- 
loading rifle guns, as chase guns. 

9. Caledonia.—Main deck, four 9 ton 8 in. and sixteen 6 ton 
7 in. muzzle-loading rifle guns; upper deck, four 6 ton 7 in. 
muzzle-loading rifle guns, as chase guns. 

10. Prince Consort.—Main deck, four 9 ton 8in, and sixteen 
6ton 7 in. muzzle-loading rifle guns; upper deck, four 6 ton 
7 in. muzzle-loading rifle guns, as chase guns. 

11. Bellerophon.—Main deck, ten 12 ton Yin. and four 6 ton 
7 in. muzzle-loading rifle guns; upper deck, two 110-pounders 
and two 40-pounder breech-loading rifle guns for chase. 

12. Pallas.—Main deck, four 9 ton 8 in, muzzle-loading guns 
and two 64-pounder muzzle-loading rifle guns, as chase guns, 
on rear-chock carriages; upper deck, two 40-pounder rifled 
breech-loading guns, as chase guns, on common carriages. 

18. Favourite.—Upper deck, eight 6 ton 7 in. muzzle-loading 
rifle guns and two 64-pounder muzzle-loading rifle guns, re- 
volving. 

14. Enterprise.—Upper deck, four 6 ton 7 in. guns. 

15. Research—Main deck, four 6 ton 7 iv. muzzle-loading 
rifle guns. 

16. Royal Oak.—Main deck, four 9 ton 8 in. and sixteen 6 ton 
7 in. muzzle-loading rifle guns; upper deck, four 6 tons 7 in. 
muzzle-loading rifle guns, for chase. 

17. Lord Clyde.—Main deck, four 9ton 8in. and sixteen 6 
ton 7 in. muzzle-loading rifle guns; upper deck, four 6 ton 7 in. 
muzzle-loading rifle guns, for chase. 


NOT IN COMMISSION, BUT RIGGED AND STORED, RIGGING 
AND STORING, REPAIRING OR REFITTING, BY THE STEAM 
FACTORIES AND RESERVES OF THE SEVERAL PORTS. 

1. Scorpion, turret ship, repairing in dock, four 12ton 9 in 
muzzle-loading rifle guns. 

2. Warrior, repairing and refitting —Main deck, four 9 ton 
Sin. and twenty-two 6ton 7 in. muzzle-loading rifle guns; 
upper deck, six 6ton 7in. muzzle-loading rifle guns, four as 
chase and two as side guns. 

3. Agincourt.—Main deck, four 12 ton 9 in. and eighteen 6 ton 
7 in. muzzle-loading rifle guns; upper deck, four 6ton 7 in. 
muzzle-loading rifle guns, for chase, 

4. Minotaur.—Oa the main deck, four 12 ton 9in. muzzle- 
loading rifle guns and eighteen 6 ton 7 in. muzzle-loading rifle- 
guns on iron carriages and slides; on the upper deck, four 6 ton 
7 in. muzzle-loading rifle guns, as chase guns. 

5. Northumberland.— Main deck, four 12ton 9 in. and eigh- 
teen 9ton 8in. muzzle-loading rifle guns; upper deck, four 9 
ton 8 in. muzzle-loading rifle guns, for chase. 

6. Valiant.—Main deck, two 9 ton 8 in. and twelve 6 ton7 in. 
muzzle-loading rifle guns; upper deck, four 6 ton 7 in. muazle- 
loading rifle guns, for chase. 

7. Ocean.—Main deck, four 9 ton 8 in. and sixteen 6 ton 7 in. 
muzzle-loading rifle guns; upper deck, four 6 ton 7 in. guns, for 
chase. 

8. Royal Alfred. —On the main deck, ten 12 ton 9in. and four 

6 ton 7 in, muazile-loading rifle guns, on iron carriages and slides 

like those of the Minotaur; on the upper deck, four 6 ton 7 in. 

muzale-loading guns, as chase guns, 

9. Lord Warden.—Main deck, sixteen 9 ton 8 in. muzzle-load- 
ing rifle guns; upper deck, four 6 ton 7 in, muzzle-loading rifle 
guns, for chase. 

10, Zealous.—Main deck, sixteen 6 ton 7 in. muzzle-loading 
rifle guns ; upper deck, four 6 ton 7 in. guns, for chase. 

11, Viper, double screw; upper deck, two 6 ton 7 in. guns, 

12. Vixen, double screw ; upper deck, two 6 ton 7 in. guns, 

13, Waterwitch, hydraulic propulsion ; upper deck, two 6 ton 
7 in. guns. 

ORDERED TO BE BUILT AND BUILDING. 

1. Monarch, turret ship, four 22 ton guns, in two turrets, 
two 6 ton 7 in. guns as revolving chase guns. 

2. Hercules —Main deck, eight 18 ton gun and two 12 ton 
9 in. guns; upper deck, two 64-pounder revolving chase guns. 

3. Penelope, double screw.—Main deck eight 12 ton 9 in. guns 
and one 40-pounder breech-loading revolving gun; upper deck, 
two 40-pounder breech-loading revolving guns. 

Our iron-clad fleet, therefore, consists of sixteen vessels now 
in commission, fourteen vessels built and preparing for commis- 
sion, and three vessels building. For the armament of this 
fleet we require 4 guns of 22 tons weight each, 8 guns of 18 
tons each, 59 of 12 tons each, 82 of 9 tons each, and 341 of 6 
tons each, giving a grand total of 494 muzzle-loading rifled guns, 
irrespective of 64-pounder rifled muzzle-loaders and breech- 
loading shell guns, apportioned as shell guns, for service on the 
ships’ upper decks, 





NOTES ON STEAM VESSELS. 


THE first iron boat ever built is believed to have been a canal 
boat, constructed by J. Wilkinson, of Bradley Forge, in 1787. 
Thomas Jevons, of Liverpool, launched an iron boat on the Mer- 
sey in 1815. The Aaron Manby, built in Staffordshire, and 
launched in London in 1821, was the first iron steam vessel. 

The celebrated vessel, Wave Queen, built by J. Scott Russell, 
was 239 ft, long, 18 ft. beam, drew only 6 ft. of water. The 
length was thirteen times the breadth, The jens, pediile- 
steamer, of Mes. Thom of Glasgow, in 1855, was 
226 ft. long, 21 ft. beam, and 9 ft. deep. The length was 10} 
times the breadth, and the speed, with 46 in, eylinder oscillating 
engines (4 ft, stroke), was twenty miles an hour. 

The screw wry 4 Himalaya is 340 ft. long on the keel, 
44.4 ft beam, 81.4 ft. depth of hold, and 8437 tons register. 

In 1847, the largest steam war vessel in the British navy was 
the Simoom, iron screw, of 1952 tons. 

The screw steamship North American, on two occasions 
within a year, struck upon rocks at the mouth of the St. Law- 
rence river, her fore compartment immediately filling with water ; 
notwithstanding this, she in each case kept on her voyage, 
crossed the Atlantic, and arrived safely at Liverpool. 

The speed of the steamship Adriatic, on her trial at the mea- 
sured mile in Stoke’s Bay, was 15,908 knots per hour. Her en- 
gines (101 in, cylinders and 12 ft. stroke) ayeraged from 17 to 
18 revolutions, the pressure of steam being 25 Ib., and vacuum, 
with surface condenser, 25in. Draught of water 17 ft. 2 in. 
forward and 18 ft. 10 in. aft. 

A light iron boat has been drawn by horses along a canal ata 
speed of fourteen miles an hour. 

_ The engines of the smaller steamers on the Thames are from 
20 to 24 horse power. The Woolwich boats have 32 horse power 
engines, 

The engines of the large ocean paddle steamers make about 
200,000 turns in crossing the Atlantic, between Liverpool and 
New York. 

According to Colonel Beaufoy’s experiments, the deduced 
friction through the water of each square foot of a vessel’s bottom 
would be 1.2 1b. at 13 knots an hour. 

The Enterprise fishing steamer, built in Scotland, in 1858, 
was propelled by the reaction from two jets of water discharged 
backwards at the sides. The water was forced out by a centri- 
fugal pump, driven by asteam-engine. he speed of the vessel, 
which was 95 ft. long on deck, 16 ft. beam, with a draught of 
4 ft., was on one occasion twelve miles an hour. 

A steamboat at one time running upon the river Saoue, in 
France, had a length of thirty times her breadth. 

About 2000 years ago Ptolemaeus 'Philopater built a ship at 
Alexandria, 420 ft. long, 56 ft. broad, and 72 ft. high, having two 
prows and four rudders. It carried 4000 rowers, 2820 mariners, 
and 400 servants. Its tonnage was 6445 tons, and its bulk 
about 831,759 ft. The ship Baron of Renfrew, built at Quebec, 
in 1825, by C. Wood, of Port Glasgow, was 304 ft. long, 61 ft. 
in breadth, and 34 ft. deep. Tonnage, 52944 tons. 

The screw steamship Himalaya has run 345 miles in the 
Mediterranean in 24 hours, an average rate of 14.6 knots per 
hour, her highest _— having been 16% knots. 

Mr. William Bridges Adams describes the first iron vessels as 
follows: “The earliest iron vessels, emanating, if I recollect 
right, from the Clyde, were large, flat-bottomed, wall-sided, open 
troughs of sheet-iron, rivetted together at the seams, precisely 
like a long tank fitted with a wooden lid in the sha bo dnk 
Had it been required to boil a whale entire, one would have formed 
an admirable kettle, by | removing a deck. Form or pro- 
—, there was none, and the only framing was the deck 

eams. 

In many of the gunboats constructed for service in the Crimean 
war, projecting plank keels were applied to the bilges, to prevent 
rolling under the recoil of the guns. 

The resistance to motion in a fluid of a cylinder with hemi- 
spherical ends is but about three-fourths that of a sphere of a 
diameter equal to that of the cylinder. In some experiments 
the resistance to such a cylinder at a given speed was 46.29 lb., 
whilst that of the globe was 64 87 lb. 

The Industry, timber-built steam-vessel, launched on the 
Clyde in 1814, is still in existence, 

The Australian screw steamship, built by Messrs. J. and G. 
Thompson, ran 16 nautical miles in the Clyde in 57} minutes, 
and on the gory hong in Stokes Bay, with 1200 tons of 
cargo, made 14.575 knots per hour. Register tonnage, 1512 
tons; 700 horse power. 

Mr. Robert Duncan, of Glasgow, ina paper on the propor- 
tions of ships, lays down the best proportion of ocean paddle 
steamers as follows: Length equal to 10 beams; depth, 6 beam ; 
draught of water, .7 of depth, or .42 beam; a co-efficient of 
tonnage of .6 of parallelopiped of dimensions and a co-efficient of 
displacement of .55. 

According to the deductions of Don Georges Juan, ships may 
sail faster than the wind which impels them, and Mr. Bourne 
adds that this is ‘‘ a result well known to nautical men to be 
sometimes attained.” 

With the assistance of the current in the Clyde, the trip from 
Glasgow to Greenock, twenty-four miles, was made, more than 
seventeen years ago, by a steamer in 1fh. 3m. 

The Holyhead and Kingstown steamers Ulster and Munster, 
have oscillating engines, with cylinders 8 ft. (96 in.) in diameter 
and 7 ft. stroke. ‘These engines work up to 4100 indicated horse 
power. The eight boilers of each boat have 18,400 square feet 
of heating surface. The engines weigh 220 tons, the boilers 
230 tons, the water in the boilers 170 tons, and the paddles 110 
tons, making a total weight of 730 tons for 750 nominal horse 
power. 

The Holyhead and Kingstown steamer Leinster has oscillating 
engines, with cylinders 8 ft. 2 in. (98 in.) in diameter, with a 
stroke of 6 ft. 6 in. 

Rafts, buoyed by 200 or 300 inflated skins, are employed in 
the conveyance of goods on the river Tigris. 

Steamboats with four paddle-wheels, only 6 ft. in diameter 
each, have been built and run upon the Indian rivers. 

The cost of labour in the construction of wooden ships may be 
taken at from 1. 15s. to 20. per ton, that for iron ships being 
from 5/. 10s. to 7/. a ton. : 





Aueust 10, 1866.] 


ENGINEERING. 


89 








WELDLESS TUBES. 


Tue Bessemer ages has practically made steel the 
principal material for engineering purposes, and the 
tendency to substitute steel for wrought iron is con- 
stantly 084 The processes of manufacture, as 
applied hitherto to iron, must therefore undergo a 
change in order to be adapted to the peculiar qualities 
of the new material, the power and proportions of the 
tools must be altered, and new methods of manipulation 
introduced. 

One of the most striking consequences of the intro- 
duction of steel is the total elimination of the weldin 
process from the forge. It has been often asserte 
that steel, however soft it may be made, is incapable 
of being welded. This, however, is contrary to facts. 
Steel welds as easily and soundly as iron. We have 
seen bars of Bessemer steel doubled up and welded 
together in the most perfect manner, without the 
exertion of any unusual skill on the part of the work- 
man. Nor is a weld in steel essentially weaker than a 
weld in iron; but a weld in steel is weaker than the 
homogeneous mass of the steel subjected to the weld- 
ing process. This at once explains the inapplicability 
of welding to the manufacture of steel forgings. The 
strength of a forging is no more than the strength of 
its weakest part. With iron, the weld is not a weak 
part, a good weld being fully as strong as the solid 
material itself. With steel, however, the weld is a 
weak point, and, though not weaker than iron, it has 
a than is expected and required from solid 
steel. 

It is not, therefore, the impossibility or difficulty of 
the welding operation when applied to steel, but the 
inferiority of the product which has banished this other- 
wise convenient process from the steel forge. 

With the almost unlimited sizes of ingots in the 
Bessemer manufacture, the necessity for welding dis- 
appears as far as solid pieces are concerned ; I the 
manufacture of rings, tubes, and other hollow forgings 
required a different mode of treatment from the cus- 
tomary methods of iron manufacture. 

The simple and ingenious method applied by Mr. 
Bessemer, Mr. Allen, Mr. Ramsbottom, and others 
to the manufacture of weldless tyres have been 
described in these columns. We have also noticed the 
owe of drawing steel tubes, cold, from cylindrical 

locks, with holes drilled through the centre. 

There is another method of producing hollow 
cylinders of steel without weld, which seems to be one 
of the simplest and most promising modes of manu- 
facture. This has been patented by Mr. James 
Thompson, of Bilston, and the patent is now in pos- 
session of Messrs. Deakin and Johnson. The process 
consists in punching a hole into a solid steel cylinder, 
applying the punch from two opposite sides alternately, 
so as to leave only a very short cylindrical piece in the 
middle, which is ultimately driven out by the punch. 
The hole is widened by a succession of larger punches, 
and afterwards the hollow cylinder is swaged and 
drawn out to a considerable length upon a mandril. 

This produces a homogeneous forged steel tube of 
great strength and tenacity, which can afterwards be 
reduced to any required proportion by the process of 
rolling or drawing. 

The first application Mr. Thompson-proposed in his 
specification was the manufacture of gun barrels, 
which are to be rolled from those forged steel tubes 
over fixed mandrils, the rolls being cut so as to per- 
mit the barrels to be made taper or to have any 
irregular projections that may be required by the design 
of the gun. 

Another application of highest importance is the 
manufacture of weldless steel tubes for locomotive 
boilers. This operation is very simple and cheap. 
It requires nothing but passing the original swaged 
tubes of steel through the same kind of rolls as now 
applied for welded iron tubes, the only requisite being 
+ more rolling power and stronger rolls. 

Increasing the size of the punched blocks, the manu- 
‘facture of hollow shafts, axles for railway carriages, 
locomotives, and similar articles are produced. This 

- will revive an old idea, which seems to have been pre- 
mature in the days of iron, viz., the application of 
hollow axles to the rolling stock of railways, and it is 
to be hoped that steel will be better suited to supply 
the demands made by theory, when advocating the 
— axle for railway wheels, than iron has proved 
to be. 

There is only a difference of size between the above 
branches of manufacture and one more apparently and 
strikingly novel—viz., the manufacture of heavy ord- 
neath the process of rolling. This also has been 
specified by Mr. Thompson. ‘He proposes to roll a 
steel gun from a punched block in exactly the same 





manner as the small gun barrels are produced. The 
— and power of the machinery must of course 

e suitably increased. This being done, it is equally 
feasible to roll a steel gun with solid breach cylindri- 
cal or taper outside according to design, or a homo- 
geneous tube of any required size and proportion for 
the different systems of built-up guns. 

We understand that a license has been taken by 
Messrs. John Brown and Co., of Sheffield, for the 
manufacture of punched steel ordnance and tubes 
under Mr. Thompson’s patent. 

We may point out another step forward to which 
the application of the punched steel will in all proba- 
bility lead. This is the manufacture of cylindrical 
boiler plates without seams or welds. The longitudi- 
nal seam of a cylindrical boiler shell being not only the 
weakest part, but also the point of attack for corro- 
sion, buckling action, and irregular strains of all kinds, 
the advantage of getting homogeneous cylindrical boiler 
plates cannot be overestimated. It is not necessary 
for the beginning to go to the full stretch of Mr. 
Krupp’s idea, who is said to have under construction a 
set of rolls 20 ft. long and of proportionate other 
dimensions for the manufacture of the cylindrical shells 
of steel locomotive boilers all in one piece, although it 
may come to that or something similar in the end. 
The transverse seams of a cylindrical boiler are less 
objectionable by far than those parallel with the axis, 
and the length of the cylindrical tubes might therefore 
be limited at first to something like 3 ft. or 4 ft., so 
that three lengths of such plates would make up the 
cylindrical barrel of a locomotive boiler. With double 
rivetted joints covered by a ring of similar nature as 
the boiler plates themselves, this would give the 
strongest al best form of boiler that the most ab- 
stract theory could point out. 

We have already noticed Mr. Ramsbottom’s recent 
patent on this very subject; and names like Ramsbot- 
tom and Krupp, when once connected with a problem 
of this kind, justify the strongest hopes that so great a 
desideratum will before long be within the reach of 
engineering practice. 








Tue QuEENsLAND Raitways.—The gauge of the 
Queensland railways, as many of our readers are aware, 
is but 3 ft. Gin. It has steep gradients, one of twelve 
miles, rising 1 in 45, and there are frequent curves of 
330 ft. radius. The engineers of the line, Sir Charles 
Fox and Son, have adopted Mr. R. F. Fairlie’s plan of 
engine, with two bogies of six coupled wheels each, or 
twelve wheels in all. These engines will have two 
pairs of 1lin. cylinders and 18 in. stroke, the wheels 
will be each 3 ft. in diameter, the total weight will be 
about 30 tons, corresponding to 24 tons per wheel, and 
the total wheel-base will be 20ft. They are to draw 
120 tons, including their own weight, up the twelve- 
mile gradient of 1 in 45, and we presume that they will 
be found equal to a still greater load. Messrs. James 
Cross and Co., \pf St. Helen’s, and Messrs. Neilson 
and Co., of Glasgow, are the makers of the engines, 
and the carriages are in course of construction by the 
Ashbury Carriage Company, of Openshaw, Manchester. 
We hope shortly to present drawings of this unique 
rolling stock to our readers. 

SuPERHEATING.—Mr. C. H. Holt, engineer, of Hud- 
dersfield, makes a form of superheater, of which a 
large number are in use in the manufacturing esta- 
blishments in Yorkshire, no less than twelve having 
been fitted at Saltaire. The tubes are but $ in. bore 
inside, and are formed to admit of free expansion and 
contraction. At Saltaire the steam comes from the 
boilers at 270°. It is superheated to from 550° to 
600°, and yet, so different is the case from that of ordi- 
nary steam, in passing the throttle valve the tem- 
perature is so brought down that the steam enters the 
engine at only 300°. These superheaters have given 
great satisfaction, and a drawing of them, with full 
“‘adeongguane is in course of preparation for our co- 

umns. 

ComMmuNIcATION witH RaiLway Guarps.—The Select 
Committee on Railways (Guards and Passengers’ Communication) 
Bill reported to the House of Commons that they thought it 
highly desirable that there should be such acommunication, but, 
considering the late period of the session, they suggested that 
the Bill should be postponed till next year, expressing their hope 
that in the mean time the railway companies will use their best 
exertions to carry out the suggested communication between 
guards and passengers. 

Tue Miptanp Rarway.—The train mileage for the last 
half-year upon this great and growing line was 5,867,423 miles, 
or at the rate of nearly 12,000,000 miles per annum. During 
the last half-year 1,350,4832. were expended upon lines and 
works in course of construction. The new Settle and Carlisle 
line, which has received the royal assent, will complete the 
Midland main line as a great thoroughfare from London to the 
West of Scotland. 


THE WILSON FURNACE. 


Tue Wilson furnace, which, as applied to puddling, 
we illustrated in our impression of June 8th, of 
the success of which we have since received almost 
weekly accounts from Messrs. W. H. and G. Dawes, 
of the Milton and Elsecar Ironworks, whose interest 
in this invention is that of ironmasters only, has from 
the first met with the most determined opposition 
from the puddlers there. We stated, two months 
ago that a strike was impending, and long since then 
the men have struck. One of the grounds upon which 
they have refused to work the new furnaces is that 
they cannot bring out from them as much iron by 
30 cwt. in a ton as from the old furnaces. Were 
this the case, it would of course be equivalent to a re- 
duction of wages to insist upon the men continuing to 
work the Wilson furnaces at the usual rate per ton; 
but, so far from this, the Messrs. Dawes have satisfied 
themselves that the new furnaces turn out their 
heats in less time than the old furnaces. There is no 
clinkering, no showering the iron with smoke, sudden 
streams of cold air, and cinders. ‘The time within 
which a heat can be turned out and the weight balled 
up depends, to a great extent, upon the quantity and 
intensity of the heat in the furnace, and in this respect 
the new furnaces are, like those now in use, under 
perfect control. The size of the “fuel plate,” its in- 
clination, and the proper air-admission are all matters 
of easy adjustment, and it is as much for the interest 
of the masters as for that of the men that each fur- 
nace should turn out its full work. In the previous 
trials of the Wilson furnace at Blochairn and ness, 
it was found that more iron was taken out in a week 
than from the old furnaces; and were the men at 
Milton and Elsecar really epoets they would pro- 
bably have no difficulty in obtaining yo good 
results. It was, however, given out at Milton that 
the men would not allow the masters to make their 
expected profit by the use of the new furnaces unless 
they, the men, were permitted to obtain some advan- 
tage at the same time. We think enough has been 
seen to show how ready are colliers, blast furnace 
men, puddlers, mill men, and other like classes of 
workmen to strike upon the least pretext ; but there 
is nothing against which they will strike sooner than 
improved machinery, or machinery of any kind in place 
of handlabour. How the Sheffield file-grinders and file- 
cutters have stood out against the introduction of ma- 
chinery ! how the brickmakers have actually torn down 
walls laid with machine-made bricks! Only afew weeks 
since twenty thousand machine-made bricks laid in the 
lower courses of a new building near Manchester were 
all pulled down in a single night, and no one was to be 
found who would say who did it! When the men 
cry out that machinery or mechanical improvements 
will destroy their trade, the complaints can be under- 
stood and allowed for, but in the case of the Wilson 
furnace it is clear that the opposition of the men must 
be founded upon something else than the alleged ~~. 
sibility of getting out the heat on each turn. e 
masters would be as ready as the men to complain did 
this difficulty exist; but even in this case there is no 
reason why the furnace should not be at once ad- 
justed to do its full work. Another pretended griev- 
ance of the men is that with the new furnaces they are 
not allowed a man to clean the firebars. There are no 
firebars to clean, and the refuse from a ton of even the 
dirtiest slack is found to be but a trifling quantity. 
Those interested in the subject may rest assured that 
Messrs. Dawes are determined not to lose the advan 
tages of an invention which, matured and perfected as 
it has been at their works, promises such important 
results. It will go through, no matter against what 
opposition. 








BESsEMER STEEL-MAKING.—Mr. Alexander L. Holley, well 
known as the author of a valuable work on ordnance and 
armour, is a member of the firm of Winslow, Griswold, and 
Holley, Bessemer steel manufacturers, at Troy, U.S. Mr. 
Holley has, we are informed, made several improvements in tle 
apparatus for melting and charging the iron into the converters, 
and these are such that he obtains twice as many casts, in 4 
given time, from a given plant, as are obtained in Sheffield. 

, Hiecu Sream.—The Pittsburg Price Current has seen a cer- 
{tificate allowing the use of steam of 188 lb. per square inch, in 
ja boiler that las been proved to the enormous pressure of 
/2701b. The boiler was built to test thoroughly the economy 
of high-pressure steam, five times expanded. The initial steam 
| in the cylinder is intended to be 165 lb. per square inch, and 40 
jindicated horse power is calculated upon being realized with 
|60 1b. of combustible per hour, or 1.51b. per hour per horse 
| power. 

P’Locosssexen Borer Exprosion.—The boiler of a locomo- 
tive belonging to the Earl of Durham, and employed in con- 
nexion with fis lordship’s collieries, exploded at Sunderland on 
Tuesday morning. Four men were on the engine, all of whom 
were injured, two of them dangerously. 
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THE INDIAN MAIL ROUTE. 

One of the most important lines of communication 
in the world is that connecting this country with India, 
and it is in the highest degree necessary that such a 
line should follow a route which can be traversed at a 
due speed and with perfect certainty at all seasons. 
Under existing circumstances, it is evident that our 
route to India must pass through Egypt, and it is pro- 
hable, therefore, that the only alteration which could 
at present be advantageously made in it would be one 
shortening the sea passage between this country and 
Alexandria. 

The route at present followed by the fast mails, that 
vid Marseilles, is, as far as mere distance is concerned, 
one of the shortest between London and Alexandria ; 
the distance from London to Marseilles being 853 
miles, and that from Marseilles to Alexandria 1460 
nautical miles. As, however, a given distance can be 
traversed on land, by the aid of good railways, at twice 
the speed that can be attained on water, it is evident 
that aline of communication which shortened the sea 

ssage at the expense of a correspondingly increased 
fength of land transit would present important advan- 

zes. ‘The opening for traffic, in May 1865, of the 
railway down the eastern coast of Italy, directed atten- 
tion to the advisability of substituting one of the 
southern Italian ports for Marseilles as a point of the 
departure for the mail steamers to Alexandria, and in 
June of the same year Captain Tyler pointed out the 
advantages of this route, in his report on the experi- 
mental railway over the Mont Cenis. In February of 
the present year Captain Tyler received instructions to 
examine the railways and ports of Italy, and obtain 
further information on the subject of the conveyance 
through Italy of the Eastern mails. This visit of in- 
spection was made by Captain Tyler in May and June 
last, and he has embodied the information obtained in 
a very able report which has just been published by 
order of the House of Commons. 

From this report it appears that the nearest Italian 
port to Egypt which has as yet been furnished with 
railway accommodation is Brindisi, which is distant 
822 nautical miles from Alexandria and 1054 English 
miles from London—these distances showing a de- 
crease of 638 nautical or 734 English miles in the sea 
passage, and an increase of 651 miles in the land pas- 
sage, as compared with the Marseilles route. The 
total distance from London to Alexandria is also 83 
miles less vid Brindisi than vid Marseilles ; and as the 
distance between Brindisi and Alexandria differs but 
little from that between Alexandria and Valetta, it 
may be said that the whole of the sea passage be- 
tween Marseilles and Malta would be saved by adopt- 
ing the Brindisi route. In order, however, that this 
route could be advantageously followed, it is necessary 
that Brindisi should possess good harbour accommo- 
dation, and that good means of communication should 
be provided between the Italian and French railways ; 
pad it was to these points that Captain T'yler’s atten- 
tion was particularly directed. 

The harbour at Brindisi consists of an outer port 
about 2200 ron long by 1100 yards wide, connected 
by a channel 284 yards long and 65 yards in width, 
with two inner arms, one—the western—about 1640 
yards in length by 273 mm in width, and the other 
or eastern arm about 1200 yards long by 220 yards 
wide. In the fifteenth century the Prince of Taranto 
sunk ships in the channel to prevent his enemies from 
getting access to the inner arms of the harbour, and, until 
ately, there appears to have been no serious attempt 
made to remove the sand and silt which prmtnaeen 
accumulated. At the present time there is a clear depth 
in the channel of 19} ft., and it is understood that 
this is to be increased to upwards of 26ft. The an- 
chorage is good, and the entrance to the harbour is 
well lighted. The contract steamers of the Italian 
Government (the Adriatico-Orientale Company) now 
run between Brindisi and Alexandria only, the service 
between Trieste and Ancona having been discontinued. 
These steamers are 267 ft. long by 24ft. beam, and 
are less than 1000 tons measurement ; they draw 15 ft. 
when loaded, but those which were in the harbour at 
the time of Captain Tyler’s visi were not drawing 
more than 13 ft. 6in. or 14ft. With this draught 
they experience no difficulty in going to their coaling- 
hulk in the western arm. ; 

Owing to the small rise and fall of the tide, which 
only amounts to about 1} ft., graving docks cannot be 
worked with such facility as when a great range of 
tide exists, and there is therefore a tendency on the 
shores of the Mediterranean to employ inclined planes, 
or “scale d@’alaggio,” instead. A slip of this kind, 
capable of accommodating vessels of 2000 tons burden, 
is to be constructed at Brindisi, at the extremity of the 





western arm, by April, 1868, the Italian Government 
having granted a concession for carrying out the work. 
Contracts have also been signed for the construction 
of a quay 1640 ft. in length, at a cost of 24,166/., and 
a wall for the channel between the inner and outer 
harbours at a cost of 22,916/., these works having to 
be completed in thirty months from June last. A 
breakwater 1246 ft. long, for closing the “Bocca di 
Puglia,” between the mainland and the island of St. 
Andrea, a mole, 858 ft. long, projecting towards the east 
from the Forte di Mare, and a retaining wall, 3120 ft. 
long, on the Costa Morena, are also to be finished in 
the course of three years, at a cost of 70,833/. In 
addition to these works, 858 ft. of quays are in course 
of construction, and the harbour is being cleared out 
to a depth of 243 ft. A coaling-stage is likewise to be 
provided, and a project has been brought out for con- 
structing a graving dock, 377 ft. long, at the extremity 
of the eastern arm, but this has not yet been deter- 
mined upon. 

The mole and breakwater above mentioned will not 
only protect the anchorage to the south of the fort, 
but will prevent deposit trom being brought into the 
harbour * the littoral current, which runs south at 
this part of the coast at the rate of about a quarter of 
a knot per hour. All that is absolutely required, 
however, in order that mail steamers may conveniently 
use the port is that the dredging should be carried on 
so that they can be run alongside a convenient landing 
stage. In the event of the British Government adopt- 
ing the Brindisi route for the transmission of the 
Eastern mails, the Italian Government express their 
readiness to provide the necessary accommodation, if 
required, by the spring of next year, care being taken 
that the arrangements are such that the mails can be 
transferred from the railway to the vessels, and vice 
versd, without delay, 

Besides Brindisi, there are other ports in the south 
of Italy, such as Taranto, Reggio, Otranto, and Galli- 
poli, which, as regards distance from Alexandria, are 
as favourably situated as Brindisi; indeed, the distance 
from both Otranto and Gallipoli to Alexandria is 37 
miles less than that between the latter port and Brin- 
disi. At Otranto and Reggio, however, the harbour 
accommodation is bad; at Gallipoli it has not been 
developed, although the place possesses great natural 
advantages ; whilst it appears probable that the Italian 
Government intend making Taranto their principal 


southern naval station, and that they would therefore 
be unwilling that it should be used as a port for mail 
steamers; in addition to this, the entrance of the Gulf 


of Taranto is dangerous in some weathers. Under 
these circumstances, it appears that, taking all things 
into consideration, Brindisi is, as far as harbour accom- 
modation and general situation are concerned, decidedly 
the most eligible of the Italian ports as a point of de- 
parture for the Eastern mail steamers. 

The next thing to be considered is the nature of the 
railway accommodation connecting Brindisi with 
western Europe. The trains conveying the English 
mails would, as at present, run, vid Paris, as far as 
Macon; but at this latter point they would diverge 
from the present route, and, instead of proceeding 
from Macon to Marseilles, they would follow the line 
to Amberien, Culoz, Chambery, and St. Michel, the 
distance from Macon to St. Michel being 146 miles. 
As far as Culoz, the railway above mentioned, 
which is now in the hands of the Paris, Lyons, and 
Mediterranean Company, is a double line, but from 
Culoz to St. Michel it is a single line doubled only at 
the stations. There are steep gradients and sharp 
curves at some parts of the line, particularly between 
Amberien and Culoz, and between Culoz and St. 
Michel there are nine single-line tunnels, the united 
lengths of which amount to 3445 yards. The sharpest 
curve between Culoz and St. Michel has a radius of 
400 metres, or 1312 ft., and the steepest gradient near 
St. Michel is 1 in 483. The line is laid with rails of 
various sections, weighing from 68 to 72 lb. per yard, 
some being used with, aa some without, chairs. The 
joints are all fished between Culoz and St. Michel, 
but the fishing on the other parts of the road has not 
yet been completed. The rails or chairs, as the case 
may be, are secured to transverse sleepers by trenails, 
spikes, or dog-spikes. The distance from Macon to 
St. Michel is now run by the “direct” train in six 
hours and five minutes, but it might be done by a mail 
train in an hour less, and by constructing a new curve 
at Amberien it would be rendered unnecessary to run 
into that station and out again as at present. As yet, 
there is no night service by this line, so as to provide 
for a train for Italy leaving Paris in the morning; the 
only through train now leaves Paris at 8.40 p.m. 

At St. Michel there is at present an interruption in 





the line of railway communication, the service between 
that place and Susa over the Mont Cenis being per- 
formed by horses and mules. It is at this point that 
two important engineering works are now in course of 
being carried out, the one being the grand tunnel 
through, and the other Mr. Fell’s line over, the Mont 
Cenis. Of the progress of both these works we shall 
speak directly, but we must first say afew words about 
the present means of communication. The regularity 
of the service by the horses and mules is, of course, 
greatly dependent upon the seasons and state of the 
weather. In summer time the passage over the moun- 
tain is made with as much regularity as that on any 
other portion of the route, but in winter serious delays 
sometimes occur. Thus the courier who left St. 
Michel on the 20th of January, 1863, was 48 hours 
and 25 minutes on the road; and on the llth of 
March of the same year, 14 hours 30 minutes were 
occupied by the journey. During five winters out of the 
last six, however, the courier made the journey either 
by sledges or diligence in times varying from 7} hours 
to 12 hours 35 minutes, and it is stated that the Italian 
Government are quite willing to undertake the con- 
veyance of twenty passengers and their luggage, in 
addition to mails weighing from 10 to 12 tons, be- 
tween St. Michel and Susa in eight hours, besides 
delays at these places amounting together to 2 hours 
40 minutes, this time being made up of a stop of 1 
hour and 40 minutes at one end, and one of 40 minutes 
at the other. The total time occupied in changing 
from the French to the Italian railways, and vice 
versé, would thus be 10 hours 40 minutes, including 
stops. 

When the Summit Railway cver the Mont Cenis is 
completed, this time will be reduced to six hours, or 
even less. The trials made on the experimental por- 
tions of the Mont Cenis line were concluded last year 
to the satisfaction of the French and Italian Govern- 
ments, and (subject to the approval of the detailed 
plans) a concession for the construction of the railway 
was granted by the former on the 4th of November, 
and by the latter on the 12th of December last. The 
year 1865 was unfortunately lost for the works, and 
the spring of the present year has been principally oc- 
cupied in preparing plans on a scale of 55 for the two 
Governments. The works are, however, now pro- 
gressing actively throughout the whole of the line, the 
number of men employed being, according to the latest 
accounts, 1456, and it being stated that the number 
would shortly be increased to 2100. At the time of 
Captain Tyler’s visit, tunnels and embankments for 
the rectification of the sharpest curves were in pro- 
gress, as well as the covered ways ; and, in addition, the 
works of a number of bridges and deviations on the 
French side were in hand. Out of 80,000 sleepers 
50,000 had been purchased and 30,000 cut, and ballast 
had been provided for about 12} miles of permanent 
way. The rails for the Italian side have been con- 
tracted for by Messrs. Brogden and Co., and two 
steamers and several sailing vessels laden with them 
have already left England for Genoa. It is expected 
that, if the quarantine recently established does not 
interfere, the delivery will commence at Susa by the 
15th of the present month. The rails, chairs, &c., for 
the French side have been contracted for by the “ Terre 
Noire ” Company, and their delivery is now going on 
at St. Michel at the rate of 30 to 40 tons per day. 
The late war has not interrupted in any way the pro- 
gress of the works, and it is expected that the tine 
may be opened for traffic on the 1st of May, 1867. 

Considerable progress has also being made with the 
tunnel through the Mont Cenis during the past year, 
notwithstanding that the works were seriously re- 
tarded at the Italian end by the workmen at Bardon- 
neche being visited with a severe attack of cholera 
during September and November last, and from some 
other adverse circumstances. At the Modane or 
French end hard quartz rock was met with, on the 
13th of June, 1865, at a distance of 2094.1 metres 
from the entrance, and up to the 9th of May last the 
heading had been driven through that rock for a 
distance of 198.9 metres, making the total advance at 
that end during the twelve months preceding the 
latter date 302.75 metres, and from the commence- 
ment of the works in 1857, 2293 metres. 

At the Bardonneche or Italian end the same schist- 
ose rock has been found from the commencement of 
the works, and through this material the heading has 
been driven more rapidly than’ that at the other end. 
Between May 9th, 1865, and the same date in the 
present year 772 metres were pierced, making the 
total advance at that end 3361.5 metres. The total 
distance pierced during the twelve months ending on 
the 9th of May last was thus 1074.75 metres, making 
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the total length driven since the commencement of the 
works 5645.5 metres, or about 34 miles, out: of a 
length of 12,220 metres, or about 7} miles ; and 
there thus remains 6565.5 metres, or about 4 miles, 
to be pierced. The greatest distance driven in any 
one year by manual labour was that, 257.57 metres, 
attained at the Bardonneche end in 1858. At the 
same end 193 metres were driven by hand labour in 
1861, and 243 metres in 1862. The progress made 
by the boring machinery has increased as follows : 


Year. Bardonneche. Modane. 
BOGE acice<ccsese 170 metres. 

a 380 

18638 ....ccccccee _ ee 376 metres. 
TOGA cccecececced __* ae 466.65 ,, 
BEGD cncceccscose WUD 96 esbaknacaund 4584 ,, 


The visit of the cholera retarded the full-sized ex- 
cavation and the masonry lining at the Bardonneche 
end more than the heading, and the permanent work 
is thus rather behindhand at that end. Two extra 
water-wheels are, however, being constructed at Bar- 
donneche to assist the five already at work,.and, if 
money and labour is forthcoming, there seems to be 
no reason why the lost ground should not be made up. 
The question as to when the tunnel will be com- 
pleted depends, of course, upon the nature of the ma- 
terial to be penetrated and the supply of money and 
labour. At present the thickness of quartz which 
will have to be pierced cannot be determined, as its 
thickness where it crops out—500 metres—gives no 
certain indication of its thickness on the line of the 
tunnel. The nature of the rock lying between the 
quartz and the schistose rock at the Bardonneche end 
is also uncertain. It has been stated that it is com- 

act limestone, and that its thickness is 2500 metres ; 
Dut it is believed by the engineers of the tunnel to be 
gypsum, more easy to work than the schist of Bardon- 
neche or the anthracite rock of Modane, and to be 300 
metres thick. If an average distance of 800 metres a 
year can be driven at the Bardonneche end for the 
next five years, and an average of 513.1 metres a year 
at Modane during the same time, then the junction of 
the two headings would take place by May, 1871, and 
the permanent tunnel might be completed by the end 
of that year. The approaches to the main tunnel, 
amounting altogether to about 35 miles, also include 
some tunnels and heavy works which have not yet 
been commenced. The approach on the French side 
is to be constructed by the Victor Emmanuel, now the 
Paris, Lyons, and Mediterranean Railway Company, 
and that on the Italian side by the Italian Government. 
Even under favourable circumstances it seems scarcely 
likely that the permanent line could be completed 
before the end of 1871, and its completion may x de- 
layed beyond that date by questions of a financial 
nature. It may, however, be reasonably expected 
that not long after 1871 mail trains may be run 
through from Calais to Brindisi—a distance of 1390 
miles—without break of gauge, in about 54 hours. 
The gradients through the tunnel will, however, be 
very steep, that rising from the French side and ex- 
tending halfway through the tunnel being 1 in 454, 
and the steepest gradient on the line being 1 in 28. 

The railway route from Susa to Brindisi will pass 
from Susa to Bologna (via Turin, Alessandria, and 
Piacenza) over part of the system of the Ferrovie del’ 
Alta Italia, and from Bologna to Brindisi over a por- 
tion of the Strada Ferrata Meridionale, or Meridional 
Railway of Italy. The distance from Susa to Bologna 
by rail is 387 kilometres, or about 240} miles, and of 
this distance 253 kilometres are laid with a single and 
134 kilometres with a double line of rails, and alto- 
gether 281 kilometres of the total length have the 
joints of the rails fished. ‘The rails are flat-bottomed, 
and secured to the sleepers by dog-spikes only, and the 
fences are inefficient in some parts of the line. There 
are 24 kilometres of gradients of from 1 in 70 to 1 in 
100, and 39 kilometres of between 1 in 100 and 1 in 
200; the remainder are less steep than the inclination 
last mentioned. The curves are not very severe, there 
being only three which have a less radius than 600 
metres ; one of these is between Bologna and Piacenza, 
and has a radius of 500 metres. The company offer 
to run a mail train from Susa to Bologna in 7 hours 
45 minutes, including stoppages at various stations 
amounting altogether to 40 minutes ; this is 10 minutes 
less time than is taken by the “ direct ” train of the 
summer service. From holeees to Susa the time re- 
quired would be 8 hours 8 minutes, the gradients being 
against the traffic in this direction ; and this latter time 
with 10 minutes added, for the stoppage at sO 
will be taken in estimating the total time occupied by 
the new route. 

From Bologna to Brindisi the distance by the 
Meridional Railway is 763 kilometres, or about 474 





miles, and the line is single throughout. At 47 inter- 
mediate stations there are excellent station buildings, 
most of them completed, as well as crossings and suffi- 
cient siding accommodation. As in other parts of 
Italy, good masonry houses (case cantonieri) have been 
constructed along nearly the whole length of the line 
at about five-eighths of a mile apart; these buildings 
each contain four rooms for the accommodation of the 
plate-layers and “ guardians,” and these men are there- 
fore most of them always on the spot. The line is 
straight for 645 kilometres out of its total length of 763 
kilometres, and its six sharpest curves, the united 
lengths of which amount to 4.08 kilometres, have a 
radius of 400 metres, or about 1312 ft. The steepest 
gradient is a short distance south of Ancona; itis ] in 67, 
and there is no other gradient steeper than 1 in 100. 
The permanent way is laid with flat-bottomed rails 
in lengths of from 18 to 194 ft. The rails weigh about 
74\1b. per yard, and all the joints are fished. The 
sleepers are of oak, except for a distance of about 188 
kilometres between Monopoli and Lecce, where they 
are partly of oak and partly of beech ; they are placed 
transversely ata distance apart of about one metre 
from centre to centre, and the rails are secured to them 
by dog-spikes. The bridges and viaducts on the line 
have been carefully constructed, but there are as yet 
no fences for a great part of its length, and, except at 
the most important level crossings, there are no gates, 
a swinging a ora chain on two posts being used 
instead, under the charge of a servant of the company. 
The company now have 93 locomotive engines and 
329 passenger carriages, and 84 additional engines and 
219 additional carriages are now under construction. 
The telegraph is only used in connexion with the run- 
ning of special trains, and not with those working 
according to the printed time-tables. At present the 
traffic has not been such as to demand the running of 
fast trains over this line, but the company are quite 
willing to undertake to run a mail train from Brindisi 
to Bologna in 18} hours, including stoppages at seven- 
teen intermediate stations, these stoppages amounting 
in all to 1 hour 22 minutes. They are also willing to 
run this “Indian mail” at any time of the day or 
night, within two hours after the arrival at Brindisi of 
the steamer from Egypt. The train taking the out- 
ward mail will, of course, be run at a stated time. 

The Italian Government are willing to perform the 
mail service above mentioned between Susa and Brin- 
disi at the rate of 0.75 lire, or 75 centimes, per ounce 
of letters, and the same per kilogramme (or 0.33975 
lire per — pound) of printed papers, and they 
are also willing to undertake the sea service between 
Brindisi and Alexandria with their contract steamers 
of the Adriatico-Orientale Company. For the sea ser- 
vice the charges first given to Captain Tyler were 0.5 
lire, or 50 centimes, for each ounce of letters, and the 
same for each kilogramme of printed matter; but sub- 
sequently he was informed that if the British Govern- 
ment really had an idea of entrusting the sea service 
to the Italian Government and were inclined to make 
a positive offer of it, a tariff of 0.3 lire, or 30 centimes, 
per ounce of letters or kilogramme of printed papers, 
or a lump sum of 3000 lire per voyage for mails not 
weighing more than 12 tons as a maximum or 4 tons 
as an average, going and returning, might probably 
be accepted. 

We may now compare the time occupied by the ex- 
isting route with that which would be required vid 
the Mont Cenis and Italy. By the present Marseilles 
route, taking Macon as the point of departure, the 
time required is, 

hrs. min. 
From Macon to Marseilles .., 10 43 
Transfer mails at Marseilles ... eee wo 2 0 
Marseilles to Alexandria, 1460 nautical miles, 
including 4 hours’ detention at Malta ... 150 0 


Total, Macon to Alexandria +» 162. 43 


According to the present mode of transit over the 
Mont Cenis, the time occupied on the Italian route 


would be, 





° hrs. min, 

Macon to St. Michel ... 6 5 
Delay at St. Michel ... ose 1 40 
Passage of Mont Cenis to Susa 8 0 
Delay at Susa... ote ese 0 40 
Susa to Bologna “se : ese 8 8 
Delay at Bologna... ove ene «. «08 10 
Bologna to Brindisi ... ove eee «- 18 30 
Transfer mails at Brindisi... ooo mo. x 
Brindisi to Alexandria, 822 nautical miles... 82 15 

Macon to Alexandria... ss eo. 127 28 


This shows a saving of 35} hours as compared with 
the Marseilles route; and when the summit line over 
the Mont Benis is completed, the saving will amount to 





394 hours, as is shown by the following statement : 


gt 

hrs. min, 

Macon to St. Michael bee be wa * g 
Delay at St. Michael ... ose ove wa FF 
St. Michael to Susa ... eas am we 4 80 
Delay at Susa oe oe eee oo O 45 


Susa to Bologna | a oe 
Delay at Bologna... eee toe oo 0 
Bologna to Brindisi ... see eos cn 28 
Transfer mails to steamer at Brindisi a 2% 
Brindisi to Alexandria, 822 nautical miles,... 82 


Total ... 123 8 


In the above table the time occupied in making the 
journey over the Mount Cenis, by the summit line, is 
taken at 44 hours, this being the time given in the 
programme prepared for the French and Italian 
Governments; recent experiments, however, have shown 
that the passage can be made in 4hours. The sum- 
mit line is laid to a gauge of 3 ft. 7in., and the 
delays at St. Michael and Susa are therefore rendered 
necessary for the transfer of the mails, &c.; but when 
the grand tunnel is completed this break of gauge 
will be avoided, and the passage of the Mont Cenis can 
then be accomplished, including stoppages, in 3 hours, 
making the total saving of time effected by this route, as 
compared with that vt@ Marseilles, 423 hours. 

Considering that land service can always be per- 
formed with greater certainty than that by sea, and 
that, by doing away with the crossing of the Gulf of 
Lyons, the most dangerous part of the passage to 
Alexandria would be advoided, it certainly seems that 
the Italian route possesses very important advantages 
for the transmission of the Eastern mails. We have 
mentioned that the Italian Government are willing to 
transmit the inward mails by special service, and, from 
an interview that Captain Tyler had with M. Vandal, 
the Director General of the French posts, it seems 
probable that the scheme would meet with general co- 
operation in France. In concluding the notice, we may 
say that we quite agree with Captain Tyler that, im- 
portant as would be the saving of time caused by the 
adoption of the Italian route, it would be less important 
than the saving which may at some future time be 
effected by the construction of a railway from the coast 
of the Mediterranean, along the valley of the Kuphrates, 
to the Persian Gulf. By such a line the dangerous 
navigation of the Red Sea would be avoided, and many 
miles of distance, and consequently many days of time, 
saved in the passage from London to Bombay. At 
present the Euphrates valley scheme is in abeyance, 
partly for financial reasons; but we trust that, some 

y, it will be carried out. 








BREECH-LOADERS.—At the late Exhibition of breech-loadin 
rifles at Beaufort House, Walham-green, the Remington nfle 
was fired by Mr. Kerr, of the London Armoury Company, at 
the rate of nineteen shots per minute. The Peabody rifle, 
which alone bore all the tests to which a committee appointed 
by the United States War Office subjected sixty-five competing 
guns, has been fired at the rate of twenty shots per minute, and 
now we hear of a reservoir gun which is capable of one hundred 
discharges per minute. 

Tue Merropotitan RarLway OmntBuses.—The Metro- 
politan Railway Company have this week commenced runniig 
omnibuses between the Portland-road station and Regent-circus, 
between the hours of 9.30 a.m. and 7.30 p.m. Passengers by 
them ean book through from any station on the Metropolitan 
line to Regent-circus, and, vice vers, from Regent-circus to any 
station on the railway. The omnibuses have been built expressly 
for the railway company by Messrs. M‘Naught and Smith, of 
Worcester. They are intended to carry 40 passengers, 23 out- 
side and 17 passengers inside. The interior of the omnibus is 
divided transversely into two compartments; the back eompart- 
ment is entered in the usual way at the end of the omnibus, and 
appropriated to the reception of second and third class passen- 
gers. The front compartment is for the accommodation of first- 
class passengers, and is entered by doors placed on each side of 
the carriage, between the fore and hind wheels. There are two 
flights of steps and brass rails at the end of the omnibus to 
ascend to the seats on the roof for 16 second and third-class 

sen, There is also a seat across the top, immediately 

ehind the driver, and also on each side of him, for seven first- 

class passengers. The omnibus is drawn by three horses, and is 
spacious and well-ventilated. 

Tue FortH Brivce.—We understand that, in view of the 
anticipated effect upon the through traffic between England and 
the north of Scotland resulting from the transference of the 
Scottish North-Eastern Railway to the Caledonian Company, 
the North British directors have resolved to abandon all further 
outlay upon the bridge of Forth. The chairman and some of 
the directors, we believe, visited the experimental pier at Charles- 
town on Friday last, and gave orders for the discontinuance of 
the preparations—which were rapidly approaching completion— 
for the submersion-of the platform and cylinders. The large 
body of bricklayers and other workmen employed on the 
structure were ordered to be paid off, with the exception of a 
sufficient staff to take charge of the pier and lighters attached, 
which will be floated with the first spring tide, and deposited in 
Burntisland harbour.—Scotsman, 

Tue Great Eastern Rartway.—We regret to hear that 
Mr. William Kitson left the Great Eastern Railway on Satur- 
day last. Mr. Kitson had been connected with the locomotive 
department of the line for a number of years, and was greatly 
respected by all employed on it. 
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WE give, on the present and s 98 and 96, engravings 
showing 0 side hevetion, halfeplan, ey. details of a pai nt hori- 
zontal condensing Corliss engines as designed by Mr. William 
Inglis, of Manchester, and constructed by Messrs. Hick, Har- 
greaves and Co., of Bolton. The arrangement of these engines, 
which have been made for Messrs. Wallis and Pollock, of Cork, 
differs in many respects from that of ordinary horizontal engines, 
the chief peculiarity being, of course, the valve gear, which is 
arranged on the Corliss principle, — to the improved plans 
patented by Mr. J. F. Spencer, of Newcastle. The cylinders are 
2 ft. Gin. in diameter, with a stroke of 5ft., and are provided 
with steam jackets, the covers being jacketted as well as the 
cylindrical Each cylinder is connected at its front end 
with a framing of somewhat peculiar shape extending to the 
crank-shaft, and having the plummer blocks for the bearing of 
the latter formed in it. 

The frames are of hollow box section, and their shape is shown 
by Figs. 1, 2, and 3, from which it will be seen that in front of 
the cylinders they assume a partially tubular form, in order to 
support the guide-bars. The crosshead blocks are each 1 ft. 
8in. by 8in., and the connecting rods are 14 ft. long from 
centre to centre. The crosshead pins, crank pins, and valve 
spindles are of steel, and the crank and crank shaft of wrought 
iron, the journals of the latter being steeled. The brasses of 
the crank-shaft bearings are made in four pieces, and are ad- 
justable both vertically and horizontally. The piston-rods are 
carried through both covers of the cylinders, that end of each 
rod which projects through the back cover being attached to a 
= block working on a single guide bar, as shown in the 

res. The air-pumps are each 1 ft. 8 in. in diameter, with 
2 ft. stroke, and are worked by the arrangement shown in Figs. 
land 2. From these it will be seen that the piston-rod of 
each air-pump piston is coupled, by means of a crosshead and 
side links, to a pair of arms fixed on a rocking shaft, this shaft 
having also fixed upon it another arm connected by a pair of 
links with the main crosshead. The air-pump valves are of 
india-rubber. 

We must now describe the valve gear, the arrangement of 
which is shown by Fig. 3, whilst Fig. 4 gives details of the steam- 
valve rods which are made according to Mr. J. F. Spencer's patent. 
Each cylinder has four vibrating cylindrical valves, two for the 
admission and two for the release of the steam, the former being 

laced at the upper and the latter at the lower part of the cylin- 

er. The spindles of these valves are provided at their end 
with levers which are connected by valve rods to pins at the 
back of a circular plate, called a wrist-plate. This wrist-plate 
oscillates upon a centre - fixed to the cylinder as shown in 
Fig. 3, and is provided with a pin on the front of it, which is en- 
gaged by the gab of a valve-rod, connected with the end of a 
vibrating link, the rod from an eccentric fixed on the crank 
shaft being attached to a higher point on this link as shown in 
the engraving. It will thus be seen that the motion is commu- 
nicated from the eccentric to the wrist-plate, and thence by the 
valve-rods to the valves, The valve-rods connecting the wrist- 
plate with the exhaust valves are merely links, and these valves 
are therefore opened and closed regularly at a certain fixed point 
of the stroke dependent upon the proportions of the valves them- 
selves and the position and throw of the eccentric by which they 
are driven. In the case of the steam valves, however, the case 
is different, the valve rods being made as shown in Fig. 4, the 
objeet of which shall be explained directly, The levers on the 
end of the spindles of the steam valves are double, one arm of 
each of them being connected to one of the valve-rods just men- 
tioned, and the other and shorter arm to a rod leading to the cy- 
lindrical casing shown, placed on the upper part of the steam cy- 
linder, in Fig. 3. Each end of this casing contains a spring acting 
upon a piston placed upon the rod connecied with the lever of the 
corresponding steam valve, the action of this spring tending to 
close the valve. The central part of the casing forms a couple 
of air-cylinders in which the pistons just mentioned work, the 
escape of air from the inuer rod of the cylinders being regulated 
by means of the two small screws shown in Fig. 8. When the 
steam valves are released, as will be explained presently, the 
pistons are forced towards the inner ends of the cylinders, com- 
ye the air before them, so that it forms a cushion and re- 

uces the shock. 

The point of the stroke at which each steam-valve closes is 
determined by the action of the governor as follows: The valve- 
rods connecting the steam-valve levers with the wrist-plate are 
made as shown in Fig. 4; that part which is coupled to the 
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valve-lever being made of brass, and terminating in a tubular 
socket, which slides on the end of the other part of the valve- 
rod. ‘The part attached to the wrist-plate has a block forged 
on it, to the sides of which are bolted a couple of springs form- 
ing a sort of fork. The inner sides of these springs are notched 
so that they clip projections on that part of the valve-rod con- 
nected to the valve-lever: the form of the clips is clearly 
shown in the figure. In a recess formed in that part of the 
valve-rod attached to the valve-lever is placed a T-shaped 
lever working on a steel pin. This lever is so arranged that, 
when the long projecting arm is ae towards that end of the 
valve-rod which is coupled to the valve-lever, the other arms 
press against the inner sides of the springs, forming the fork 
already mentioned, and thrust them apart. The notches or 
claws are thus pushed clear of the projections on the other part 
of the valve-rod, which is tly released, and the valve 
is thus left free to be acted upon by the springs in the cylindri- 
cal casing. 

The projecting arm of the T-shaped lever in each steam-valve 
rod is connected by a link with a lever shown in Fig. 3, these 
levers being so arranged that they are acted upon by the 
governor. In the engine we are describing, a water governor is 
used, the regulating power depending upon the resistance offered 
to vanes revolving in a cl case containing water. The 
action would, however, be the same if any other governor was 
employed. From the arrangement shown by Fig. 3, it will be 
understood that the steam-valves are pulled open by the action 
of the eccentric and wrist-plate; al after they have been 
moved to a certain extent, the governor, acting through the levers 
and rods above mentioned, causes the catches on the valve-rods 
to release the valves, which are then closed by the springs. 
This closing of the valves takes place earlier or later in the 
stroke, according to the position of the governor, an increase in 
the speed of the engine causing the valves to be released, and 
consequently closed, earlier, and vice versd. If, however, the 
valves are not released by the governor before a certain point in 
the stroke, they are closed by the action of the eccentric and 
wrist-plate in the same manner as the exhaust valves, the ad- 
mission in this case extending nearly to the end of the stroke. It 
will thus be seen that the governor controls the engine by varying 
the amount of expansion, and our engravings only illustrate one 
out of a great number of different ro of gear for effect- 
ing this result, on the Corliss principle. The two cylinders of 
the engine which we illustrate are situated at a distance cf 10 ft. 
apart from centre to centre, the connecting rods — coupled to 
overhung cranks placed at each end of the crank-shaft. The 
engines are contained in an engine-house 50 ft. long by 24 ft. 
wide, and the whole of the parts are exceedingly well propor- 
tioned ; our engravings of them were prepared from drawings 
with which we have been kindly furnished by Mr. Inglis. 











Tue East Inpran Rattway.—The Government of India has 
published a series of *‘ observations” on the recent malpractices 
in the = department of the East Indian Railway. The chief 
blame falls on the directors in London, and justly, it would 
seem. We give the Governor-General’s words: “ It is stated by 
the Government of Bengal that the directors distinctly refused 
to comply with demands for more locomotives, made in December, 
1863, and January, 1864; that 35 goods engines indented for 
in 1862 are still due; that during the year 1865 not one 
engine was received in India, and that it is probable that none 
will be received till the end of 1866.” It is understood that 
215 engines are now on order for this company. 

Tue Mont Cenis Rawtway.—The shareholders of this 
company held their first general meeting on Tuesday. The 
works axe in active progress along the whole line. The number 
of men employed up to the latest dates amounted to 1456, 
which would be shortly increased to 2100. The rails on the 
French side were now being delivered at St. Michel at the rate 
of from 30 to 40 tons per diem. Two steamers and several 
sailing vessels have left England for Genoa freighted with rails 
and iron work, and it was expected, should the quarantine now 
established at Genoa offer no impediment, that the delivery 
would commence on the Italian side at Susa not later than the 
15th of this month, and continue as rapidly as the road could 
be laid. The line is expected to open on the Ist of May next. 

Lourep Companizs.—Mr. Watkin has given notice that 
he will move, in the next session of the House of Commons, for 
an inquiry into the action of the law of limited liability com- 








panies. We think the inquiry must result in their favour. 





STEAM YACHTS. 


A smaLL steam yacht which Mr. George Salt has 
lately launched upon the river Aire possesses some 
noteworthy peculiarities in its machinery. Drawings 
of the engine and boiler are in course of preparation 
for this journal, but we may in the mean time give a 
few general particulars. The yacht is but 25 ft. lon 
and 5 ft. beam. The whole weight of the engine ont 
boiler complete is but 16 cwt. 1 qr. 21 1b., yet Mr. 
Salt believes that it works up to fully 25 indicated 
horse power. The boiler has not a rivet in it, but is 
welded throughout. It has been proved to 300]b., 
and works regularly at 2501b. to the square inch. 
Steam is raised easily from cold water in ten minutes, 
and in fifteen minutes the pressure reaches 30 lb. 
The engine has a single cylinder, 6 in. in diameter 
and 8in. stroke, and the regular speed is 350 revolu- 
tions, or 700 single strokes per mimute. The engine 
has piston-valves and link-motion. Mr. Griffiths has 
made a little screw for the yacht, and Mr. Salt has 
also a set of Rigg’s blades. As from the engines of 
Messrs. Penn, Messrs. Maudslay, and Messrs. Rennie 
for twin-screw launches, we think our agricultural 
engineers may take a few hints for a moderate advance 
in Pa and speed when they see the drawings 
and further particulars of Mr. Salt’s yacht. And 
while we are upon the subject of quick-working en- 

ines, we may just note that Messrs. Gwynne and 

o. inform us that their new direct-acting engines, for 
high-lift centrifugal pumps will be tried next week. 

ith a 10 in. stroke, these are intended to run at 
700 revolutions per minute. Mr. Charles T. Porter, 
the well-known patentee of the Allen engine, has 
been consulted in the design of these engines, the 
trial of which is looked forward to with much in- 
terest. 








Tue InpiaN TeLeGRAPH.—In the evidence given before 
the committee on our communications with the East, Mr. Craw- 
ford mentioned, among other things, the irregularity and incor- 
rectness with which telegraphic communications were trans- 
mitted. He mentioned one circumstance in which a message 
was sent to India to purchase 1000 bales of cotton, and as 
received it was “to purchase 21,000 bales.” Another message 
was sent toa gentleman in India that his lady had presented 
him with a fine daughter, and the message was received “ pre- 
sented him with five daughters.” 

WarTeER SupP.y For PutLapELpHta.—Mr. Birkenbine, the 
chief engineer to the Philadelphia Waterworks, proposes to 
obtain a supply of water from Perkiomen Creek, and to form a 
lake or reservoir of supply in Montgomery county, nearly 27 miles 
from the city, and to conduct the water through an aqueduct to 
some high point within or near the limits of the city, on which 
a pay meer shall be constructed. This, it is thought, 
will give a head of 75 ft. above that of Fairmount, and the 
estimated expense is about 10,000,000 dollars. The reservoir at 
Fairmount is 112 ft. above the waters of the river Delaware. 

Tue Great Westminster Ciock.—This clock reports its 
own rate automatically twice a day to Greenwich by electric 
telegraph, 4 test to which no other public clock has ever been 
subjected. Persons taking the time from it should remember 
that exact Greenwich time is indicated by the first stroke of the 
great hour bells, and also by the first stroke of any of the 
quarter chime, except those at the hour. 

Tue Irish RarLways.— When the bill for making temporary 
advances to certain Irish railways went through the Torda’ 
Committee on Monday, Lord Redesdale made the followin, 
observation: “‘I have not the slightest, hesitation in saying 
consider the Bill to be a very great job.” 

AMERICAN BrickLAYeRS.—The bricklayers of Memphis 
have struck work. They ask an advance of wages which will 





amount to seven dollars per day. 
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THE CORLISS ENGINE. NEW BLOWING ENGINE AT EBBW VALE. 


Tae new blowing engine at Ebbw Vale, of which drawings and particulars are 
in course of preparation for this journal, is the largest ever constructed, having a 
72 in. steam and a 12 ft. blowing cylinder, with a stroke, at both ends of the 
beam, of 12 ft. The great blowing-engine at Dowlais has an air-cylinder of the 
same size, but the steam cylinder is of 55 in. diameter, fora 13 ft. stroke. The 
new engine at Ebbw Vale was started on Tuesday week, and was named the 
Darby, in honour of the founder of the company. It was made by Messrs. Loam 
and Son, of Liskeard, the woodwork having been made by Messrs. William 
Eassie and Co., of Gloucester. The fly-wheel is 30 ft. in diameter, the wrought- 
iron main shaft being 19in. square, and weighing 8 tons. The delivery-pipe is 
6 ft. in diameter, and sends the blast into a receiver or regulator 40 ft. long and 
14 ft. in diameter. The piston-rods are of cast steel, forged by Messrs. Henry 
Bessemer and Co., of Sheffield. The beam is 40 ft. long, and 7 ft. 6 in. deep at 
the centre, and is made from ae cold-blast iron. The engine was designed, 
and its construction superintended, by E. Windsor Richards, Esq., engineer to 
the Ebbw Vale Company. 








MR. FAIRLIE’S LOCOMOTIVE. 


Tue engine “ Mountaineer,” tried by Messrs. James Cross and Co., at St. 
Helen’s, on Thursday week, was of the pattern illustrated and described in Enet- 
NEERING of March 23rd last, page 180. It had two pairs of 10 in. cylinders 
(equal to a single pair of 144 in. diameter), 16 in. stroke, two bogies of four 
coupled wheels, each 4 ft. in diameter, an extreme wheel-base of 19 ft. 11 in., and 
weighed, loaded, about 34 tons. The wheel-base of each bogie was 4 ft. 11 in. 
The two barrels of the boiler contained in all 804 square feet of tube surface, 
while the firebox surface was 54 square feet, and the area of the grate 12} 
square feet. 

The engine was run to the bottom of the St. Helen’s bank, which for several 
miles averages 1 in 80, one portion being as steep as 1 in 65. At the bottom of 
the incline it was attached to a train of fifteen loaded coal wagons, loaded to 
10 tons each, or 150 tons in all, and a brake van, the total weight, including engine, 
being 194 tons. The pressure of the steam was 130 lb. on starting ; but this fell off 
very considerably as the engine went up the bank, but about 80 lb. having been 
left at the top. The speed up was, for part of the way, 24 miles an hour, falling 
off, on the steeper portion of the incline, and with a diminishing pressure of 
steam, to 13 miles. The resistance of gravity, of a weight of 194 tons, upon an 
incline of 1 in 80, would be 5432 1b., while the total steam tractive force of the 
engine, with 100 lb. mean effective pressure, would be 6667 lb. only; and as the 
total rolling resistance and engine friction cannot well be estimated at less than 
10 lb. per ton, it would appear that a mean cylinder pressure greater than 100 lb. 
was maintained, the pressure corresponding to the estimated gravity and train 
resistance being 110} lb. 

The observations were not made, however, with that degree of care which 
would give entire precision to these results ; but there was no doubt that the 
engine did her work very well, with the exception only that the supply of steam 
a y was insufficient. It will doubtless be found desirable, in further engines upon 
«a this plan, to make a separate firebox to each barrel, and to somewhat enlarge the 

P present grate area. ‘The utmost steam tractive force of the engine would be 
hardly more than one-tenth of her total weight, and thus, although the weight 
on each wheeldid not exceed 44 tons, there was a great proportion of adhesion 
weight to steam force. And at the same time the wheels can easily traverse the 
shortest curves, the governing wheel-base being that of each bogie, or 4 ft. 11 in. 
only. The engine worked with the utmost steadiness, as was to have been expected 
from its length, and from the fact that with four cylinders the strains tending 
to cause either sinuous motion or rocking are but one half as great, at a given 
point, for a total given power, as would be the case with but one pair of 
cylinders. The trial on Thursday week was attended by Lord Richard 
Grosvenor, Messrs. Henry Maudslay, Walter M. Neilson, George England, Mr. 
Holt, locomotive superintendent of the Neath and Brecon Railway, and upwards 
of a dozen other gentlemen interested in the trial. 
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Tue Nava EncinzEers.—With a change of Government the naval engineers 
have gained a substantial improvement in their position. By a recent Admiralty 
circular it appears that under the authority of her Majesty’s Order in Council of the 
6th of July, 1866, it has been decided to create a new rank of chief inspector of 
machinery afloat; such officers to rank with paymasters-in-chief and secretaries 
to admirals of the fleet, and to be paid full pay at the rate of 1/. 7s. 5d. a 
day, or 500/. 7s. 1d. a year. These appointments will be held by the three 
inspectors of machinery afloat for the steam reserve, whose pay will be in- 
creased to 500/. 7s. ike year accordingly ; and by the two assistants to chief 
engineers in the steam factories, whose salary of 400/. a year will be increased 
to 500/. The full pay of other inspectors of machinery afloat will be increased 
to 1/. 4s. 8d. a day, or 450/. 3s. 4d.a year. Their Lordships have also, under 
the authority of the same Order in Council, granted ordinary pensions of 40/. 
a year to the widows of engineers in the event of their not being entitled to the 
special rates of pension established for those whose husbands have been slain in 
action, drowned, or killed on duty, or have died from the effects of any injury or 
disease caused by extraordinary near or exertion on service within six 
months after being first certified to be ill; and also compassionate allowances 
according to the following scale for the children of engineers: 5/. to 10/ a 
year, ordinary compassionate allowance; 6/. to 12/. a year, if the father was 
drowned or killed on duty, or died from injury or disease caused by ex- 
traordinary exposure or exertion on_service, within six months after being first 
certified to be ill; 8/. to 14/. a year, Vf the father was killed in action, or died 
within six months of wounds received in action. The same regulations are to be 
followed in awarding these pensions and compassionate allowances as in the 
cases of the widows and children of other officers. 

Tue LANcAsHiIrE AND YORKSHIRE RarLwAy.—This line of railway carried,in the half 
ear, ending with June last, nearly 10,000,000 passengers an average distance of &} miles. 
‘he normal rate of increase of traffic has averaged ten per cent. per annum for the last sixteen 

years. 
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DUTIES OF CIVIL ENGINEERS—INDIA. 


Tnx question has before now been mooted, whether 
there might not be some line of distinction drawn be- 
tween the duties to be performed in India by the 
civil and military engineer officers of the Public Works 
Department. At present there exists no such distinction, 
but the civil and military officers alike are liable to be 
called upon to carry out any work, of whatever cha- 
racter, whether it be the execution of an irrigation 
project, or the construction of barracks or even of a 
fort. That much good might result from a separation 
of the two branches of the service can scarcely admit 
of a doubt, for with it would be removed all those 
causes of jealousy and the heart-burnings which from 
time to time find vent through the medium of the 
press; but while, at the same time, that a division of 
the department into its civil and military elements, and 
their distinct formation into two separate departments, 
would facilitate the distribution of their respective 
branches of the science over India more evenly than 
at present, and thus lead to an absolute economy of 
practice, there would exist no reason why the members 
of the one branch of the department should not, in 
times of necessity, be called upon to render assistance by 
serving with the other branch. With a fixed esta- 
blishment of officers in each grade of both branches, 
distinctly laid down, any one entering the service 
would better be able to estimate his chances of promo- 
tion, and there would for ever be an end to- that jealousy 
which we have too good reason to believe exists in 
the service, caused, not without some show of reason, 
by the difference of pay, position, and prospects of 
retirement of the civilian and the military man; but 
by the proposed separation, each branch being, to a 
certain extent, an establishment distinct from the 
other, its members would work with more harmony, 
and their more certain prospects would tend to the 
promotion of greater contentment, which would bear 
fruit to the Government, and exhibit itself in the 
greater energy and assiduity of its engineers. With 
these remarks on what, in our opinion, should be the 
arrangement of the engineer establishment of the 
Public Works Department in India, we proceed to 
point out what are the duties expected of officers in 
the several grades of that department. 

Assistant engineers are oe under the orders of 
executive engineers, to assist them in the performance 
of their duties, and have their head quarters at any 
place in the division which the executive engineer may 
appoint. They are employed generally in examining 
and reporting on any matter requiring investigation ; 
in making surveys, collecting iniionelion concerning, 
and drawing up, projects, designs, and estimates ; in 
superintending the construction of important works ; 
in conducting the general duties of superintendence 
and control in any portion of the division that may be 
assigned to them; holding specific charge of one or 
more subdivisions; or in assisting the executive 
engineer in any other way that he may require, under 
the approval of the superintending engineer. When 
detached, an assistant engineer, under the control of 
the executive engineer of the division, will correspond 
with the local authorities, and conduct his duties 
generally agreeably to the rules laid down for 
executive engineers. It is the duty of assistant 
engineers to make themselves acquainted with the re- 
sources and capabilities of the districts in which they 
may be serving, and to take every opportunity of im- 
proving themselves in professional knowledge. Asa 
rule, they will be kept at the head quarters of the 
division until they have made Genctie thoroughly 
acquainted with the office work and forms of account, 
with the general routine of daty, and with the native 
languages, sufficiently to enable them to pass the 
various tests required for promotion. 

The territories of each local government or adminis- 
tration are divided into a certain number of divisions 
of Public Works, the limits of which are determined 
either with reference to a geographical arrangement 
or to the nature of the works, ol separate divisions 
are organised for lines of canals or of roads. The 
public buildings of a station are sometimes attached as 
part of the charge to a division of road or canal which 
passes through or near the station, instead of to an 
ordinary division of Publie Works, when such an ar- 
rangement is considered desirable. - 

The executive engineer is the officer in immediate 
In him is vested the manage- 


He 


charge of a division. 
ment of all public works within that division. 


arranges all the details of their construction, super- 
intends the work and the accounts, receives all cash 
advances and distributes funds to his subordinates, 
is responsible for the proper custody and efficient re- 


pair of every work or building, and is answerable for 
the exact performance of all duties, of whatever de- 
scription, connected with the department, and the 
punctual execution of all orders issued by his superiors. 
It is part of his duty to suggest public improvements, 
and to prepare detailed designs for them; and he is 
also required to report on, and suggest measures for, 
the protection of any public monument or building of 
architectural or historical interest which appears likely 
to fall into decay. The executive engineer is also, in 
addition to his other duties, to consider himself to be 
ex officio the professional adviser of all departments 
of the administration within the limits of his charge, 
and he will habitually have to transact business of this 
sort with the chief military or civil authorities within 
his division. An executive engineer can only receive 
positive orders from his own departmental superiors, 
the head of the administration, the chief engineer, or 
the superintending engineer of the circle to which his 
division belongs, excepting in the case of works con- 
sidered urgent by an officer commanding a station, who 
can, under certain circumstances, issue an order to the 
executive engineer for the execution of a work. He 
will correspond with the local authorities in their 
divisions, addressing general officers and brigadiers 
through their staff officers. 

Executive engineers are not expected to interfere 
directly with works not under their charge, but they 
may give advice to any unprofessional officer carrying 
out public works, and they are expected to report to 
superior authority any bad work, or important defects, 
coming under their cognizance in such cases. They 
will have their head-quarters at any places in their 
divisions which the superintending engineer may direct, 
and they will receive their orders from, and make their 
reports to, the superintending engineer of their circle. 
They have to prepare designs and estimates under the 
orders of the superintending engineer, but they may 
prepare and submit to that officer any design and esti- 
mate on the requisition of the local authorities, pro- 
vided the work be one of the necessity for which they 
are themselves convinced. Executive engineers are 
responsible for the accuracy of all drawings they sub- 
mit, and must attest them with their signatures. It is 
their duty to pay strict attention to the economical 
application of all labour and materials, and to prevent 
the expenditure on any work exceeding the amount of 
the sanctioned estimate. They should also strive to 
make arrangements for bringing economically into use, 
on all occasions, the articles procurable in the local 
markets, and the natural resources of the district. 
They are held responsible for the ~ quality of all 
work done under their orders, and cannot, without 
proper authority from their superiors, transfer to any 
one else the executive charge of any works entrusted 
to them for construction. 

Executive engineers must take the necessary steps 
for obtaining cash for the works under their control, 
and must submit their accounts punctually to the cen- 
tral office. They are expected to keep up their accounts 
regularly from day to day, in order to be able to make 
over charge of their divisions at any time on the 
shortest notice. These officers have power to sanction 
improvements and repairs connected with the internal 
administration of the Public Works Department, or 
required in connexion with works of public improve- 
ment, to the extent of 200 rs. (20/.) for each work, and 
also the purchase or manufacture of tools and plant to 
a similar amount; they are also authorised to sanction 
repairs for other departments, up to a similar amount, 
within the limits of the budget allotment. They are 
also authorised to accept tenders for the execution of 
work by contract, up to 2000 rs. (200/.) Every execu- 
tive engineer is required to report immediately to the 
superintending engineer any important accident, or un- 
usual occurrence, connected with the performance of 
his duties, and to state how he may have acted in con- 
sequence. 

Becoutive engineers are er officio members of the 
district committees for the management of the road 
and ferry funds within their divisions, and are ex- 
pected, as the professional members, to afford the 
committees all the assistance in their power, particu- 
larly by inspecting the state of roads, and pointing out 
improvements required, furnishing designs for bridges 
&e., and looking after works in progress ; and they are, 
moreover, liable, under the orders of the local govern- 
ment or administration, to have to undertake the 
execution of local fund works. They are responsible 
that proper measures are taken to preserve all the 
buildings and works in their divisions, and to prevent 
encroachment on Government lands in their charge. 
In order to facilitate the transaction of business, 





and complete the chain of responsibility, divisions of 





public works are sometimes divided into subdivisions, 
the charge of each of which is held by an assistant- 
engineer or an officer of one of the subordinate 
establishments, who has, under the instruction of the 
executive engineer, the immediate control of all the 
subordinates and all the details of duty in his sub- 
division. 

The superintending engineer is the officer next in 
rank, in the executive branch, above the executive 
engineer. Under the orders of the chief engineer, he 
directs the whole of the executive operations carried 
on within the circle assigned to him. Superintendents 
of works exercise similar powers to those of super- 
intending engineers. 

Superintending engineers exercise the exclusive 
control of all details of business arising in their circles, 
subject to the supervision of the chief engineer ; they 
are expected to dispose at once of such matters as 
they are permitted to dispose of, submitting to the 
chief engineer all questions which may be beyond their 
powers. They have nothing to do with the actual 
execution of public works, or with the disbursement 
of public money on account of works, nor with the 
provision or custody of any materials for the con- 
struction of public works, otherwise than as an officer 
of control, except when, on any emergency, they may 
be required ry sang to take executive charge of a 
division. But they are responsible for the efficiency of 
the executive system throughout the several divisions 
within the limits of their respective circles, and that 
the regulations of the code are strictly maintained in 
them, both as regards works and accounts ; and it is 
their duty to see that the orders received from 
superior authority for the execution of works are 
promptly and effectually carried out, and that no un- 
sanctioned outlay is incurred. 

Although the preparation of the detailed designs 
and estimates for works are commonly entrusted to 
the executive engineer, the whole of the arrangements 
and general plan of the works should be concerted 
with the superintending engineer, who is responsible 
for the engineering character of every project that he 
passes on with his approval. 

Estimates for new works not exceeding 5000 rupees 
(500/.) may be finally dealt with by superintending 
engineers, so far as relates to the engineering merits 
of the design and the rates of work, after having been 
submitted (in the case of buildings) to the head of the 
department for which the work is to be executed, for 
his opinion ; and a report by him, accompanied by an 
abstract of the estimate, must be sent on to the chief 
engineer. It is the duty of the superintending engi- 
neer to make frequent tours of inspection, and not 
only to minutely survey and report upon the state of 
the various public works within each division, but also 
carefully to inquire into the system of management 
prevailing at each station, in respect to the prepa- 
ration and cost of materials, the style of execution, 
and the price of labour. He should ascertain that the 
resources of each district are brought into use in the 
most efficient and economical manner, and that mate- 
rials are collected in proper quantity and quality for 
the works in progress or about to be commenced. He 
should also be careful to ascertain whether proper 
arrangements are made for the custody and super- 
visiqn of the public stores; he should bring specially 
to notice the case of any executive engineer dm he 
might consider incompetent or disqualified from any 
cause for his public duties, and see that all books of 
account are properly kept. Besides his regular tours 
of inspection, a superintending engineer is expected 
to proceed at any time to any place within his circle 
to report upon any —_e design, on the pro- 
gress or completion of any large work, or on any 
serious accident or threatened danger to any works 
or buildings, or on any calamity, actual or anticipated, 
the remedy for which may appear to be within the 
range of engineering skill. He is also liable under the 
orders of the local Government or administration to 
have to assume, in addition to his regular duties in the 
Public Works Department, the direction of the local 
fund expenditure in his district. 

All rules relating to the general duties and powers 
of chief engineers are held to apply also to all officers, 
under whatever designation, at the head of indepen- 
dent branches of the Public Works Department, acting 
directly under the orders of any local Government or 
administration. 

No chief engineer is to be concerned with the execu- 
tion of public works, th@ disbursement of public 
money on their account, or with the provision or cus- 
tody of any materials for their construction, except as 
an officer of control. The duties of a chief engineer 
are to control generally the engineering operations of the 
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province or department to which he belongs; to exact 
from all persons og ow in the department a strict 
performance of the duties assigned to them ; to receive 
reports and communications from superintending and 
executive engineers ; to check and examine estimates 
and drawings, and the progress and completion of 
works; to suggest projects and designs suitable for 
effecting certain proposed objects ; to dispose of such 
matters as may be left to his Sovestion by the rules of 
the department, and to bring clearly and faithfully 
before the local Government or administration, ac- 
companied by his own remarks, all subjects reserved 
for its decision, or that of the Government of India. 
A chief engineer, who is also secretary in the Public 
Works Department to the local Government or ad- 
ministration, must exercise his powers as chief 
engineer on his own authority and responsibility, sub- 
mitting to the head of the Government schedules of the 
business he disposes of in that capacity ; but when he 
is not also a secretary to the local Government, he 
must submit schedules of his proceedings to the secre- 
tary in the Public Works Department. 

The chief engineer is responsible that all projects for 
new works submitted by him to the local Government 
or administration, and estimated to cost more than 
5000 rupees, are prepared in a complete and proper 
form. He is also professionally responsible for the 
character of all such designs and estimates passed 
upon his recommendation, to which end all projects 
submitted by him (excepting those whose estimated 
cost is under 5000 rupees, for the details of which the 
superintending engineer is responsible) must be 
accompanied by a distinct expression of his opinion on 
them, recorded by him as chief engineer. The pro- 
vincial chief engineer will have his head-quarters at the 
seat of the local Government or administration under 
which he serves, and will accompany its head on tours 
of inspection whenever required to do so. The head- 
quarters of other officers exercising the powers of 
chief engineer are fixed by the local Government. 
The chief engineer may, with the sanction of the local 
Government, make journeys to satisfy himself by per- 
sonal inspection concerning any important question, 
project, or work that may be in hand. In such cases, 
the current duties of his office may be carried on by 
his assistant under his orders. 

A chief engineer, who is also Public Works secre- 
tary, is held responsible that no expenditure on public 
works is incurred in excess of the imperial budget 
grant for the province; and other officers exercising 
the powers of chief engineers are, in like manner, 
responsible for observance of the budget restrictions on 
the expenditure under their control. The chief en- 
gineer has to prepare annually the portion of the 
provincial budget estimate relating to his charge, to 
prepare, as soon as possible after the close of each 
year, a report of the progress made in the public 
works under his charge, giving a brief but clear 
account of the operations of the department during 
the year in the province with which he is concerned, 
and to prepare such pened reports and returns 
connected with the Public Works Department as are 
required by Government. 

uch are the duties, in brief outline, assigned to the 
several grades of the engineer branch of the Public 
Works Departesent in Tadia. In drawing up the 
above statement we have purposely avoided going into 
all the minute details contained in the Public W orks 
Code, but have endeavoured to confine ourselves to an 
account of the principal duties imposed on officers 
according to their position in the department. The 
foregoing affords sufficient information to enable any 
one to judge, tolerably correctly, of the nature of the 
work expected from engineers taking service under 
the Government of India; those already in the ser- 
vice will, in accordance with the standing rules of the 
department, have provided themselves with a copy of 
the “Code,” from which they may learn, with the 
greatest minuteness, tle whole nature of their duties 
and responsibilities. 








Tue Rartway to Hampsreap.—Five of the locomotives 
for working the long incline of 1 in 27 upon the Metropolitan 
and St. John’s-wood Extension have been ordered from the 
Worcester Engine Works, They will have 20 in. inside cylinders, 
with the slide valves on top, Allan’s straight link and a rocking 
shaft being used. They will have six coupled wheels 4 ft. in 
diameter, no bogie or other wheels being employed. 

Fortirications.—The Fortifications Bill of the present ses- 
sion authorises a further advance of 50,0002. for works of de- 
fence, to be raised by the sale of annuities for a term not exceed- 
ing thirty years. The 50,0002 is required for Tilbury and 
Tavern forts. The sums already voted amount to 5,150,000/., 
which will now be raised to 5,200,000/.; and as the estimated 
cost of the works is 6,997,0004 the sum of 1,797,0U0/. will 
still remain to be voted in future sessions. 





PHYSICAL MAPS OF INDIA. 


Tne small amount of interest in all subjects con- 
nected with India, which is, we regret to say, pecu- 
liarly characteristic of the English people at home, 
arises, no doubt, in a great measure from the compara- 
tive ignorance which pervades all—with very few ex- 
ceptions—in all matters relating to that empire, which 
forms not only the largest, but undoubtedly the 
wealthiest, of our possessions, The empty benches to 
which the Secretary of State for India is ever wont 
to address annually his speech when laying before the 
House of Commons his Indian Budget testify but 
too clearly to the total want of interest on the part of 
our legislators in this distant land, and notwith- 
ae that about sixty millions sterling of British 
capital has now been subscribed towards the construc- 
tion of railways there, while the East India revenues 
are, in addition to that amount, liable (according to the 
latest returns which were presented to Parliament in 
February last) for a further sum of 114,708,7937., of 
which 85,835,957. is debited to the several local Go- 
vernments in India, and 28,872,836/. is chargeable on 
the East India revenues at home. Of these sums the 
British people no doubt are creditors for a not incon- 
siderable portion of the whole, and, therefore, for this 
cause alone it might have been expected that some in- 
terest in India and Indian affairs should exist amongst 
those who are creditors for so large an amount; but 
experience shows that it is otherwise, and we cannot 
but regret the fact. But whilst we complain of igno- 
rance in matters relating to India on this side of the 
hemisphere, what shall be said of the ignorance, nearly 
as deep, which is often to be found amongst those who 
have not only been in India, but passed many years of 
their life under its tropical skies? The truth is that, 
owing to the vast extent of the empire, and the diffi- 
culties that existed, until quite lately, in travelling 
there, many have passed their days within the limits 
of one or other of the Presidencies and know little of 
the world beyond. 

Now that there are prospects of a more rapid and 
vigorous prosecution of public works throughout India, 
and the consequent employment of increased capite 
and a greater number of engineers to conduct its pro- 
fitable employment, it is more than ever necessary that 
measures should be taken for diffusing a general and 
correct knowledge of the resources and capabilities of 
our Eastern empire, which may lead to and facilitate 
the preparation of schemes for their development. 

By referring to the Public Works Code of Regula- 
tions, chapter 3, section 2, it will be seen that every 
superintending engineer is directed to keep a skeletou 
map of his circle, showing, 1. the boundaries of the 
executive divisions and subdivisions, and the head 
goa of provincial public works functionaries ; 2. 
the chief stations and outposts at which public build- 
ings exist in charge of the department; 3. the roads, 
canals, and embankments made and kept in repair by 
the Public Works Department ; 4. the extent of the 
districts under each local committee or union; 5. the 
roads made and kept in repair by local committees ; 
6. the lines of rivers, the principal towns, and the 
main features of the country. There are doubtless 
many “oy which can be better illustrated by maps 
than by the most elaborate description, and it is by an 
extension of this principle, the nucleus of which 
already exists in the offices of superintending engi- 
neers, that an amount of information might be collated 
and placed in a most intelligible form. This is no new 
idea, neither is it now published for the first time. 
The author of it is Mr. George Preston White, C.E., 
and we were first induced to consider the subject on 
seeing a letter from that gentleman published in the 
Times, of March 30, 1861, of which the following ex- 
tract gives tke general outline of what is required so 
fully, that we prefer giving it as an extract, rather than 
putting the subject in our own words: 

“ It is impossible to study Indian questions without 
feeling the great want which exists of a collection of 
physical maps, showing the statistical, commercial, 
social, and physical condition and features of the 
country. It is submitted that a series of maps on the 
following subjects would prove of the utmost value : 
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1. A geological map, showing the various strata, coal- ; 


fields, iron mines, mineral productions, &c. 2. A 
physical map, we the river systems and moun- 
tain ranges by contour lines. 3. Hydrographic chart 
of the Indian Ocean, denoting its currents, direction of 
hurricanes, regions of the monsoons, trade routes, &c. 
4. Meteorological map, marking the distribution: of 
heat and the fall of rain. 5. Botanical map, showing 
the geographical position of the more important food- 
producing plants, as rice, corn, maize, sugar, tea, &c. 





6. The geographical position of the wild bread-plants, 
tobacco, indigo, cotton, flax, opium, the oil palms, the 
medicinal plants, forest timbers, &e. 7. Natural his- 
tory map, showing the location of useful animals, &c. 
8. Reksographion! map of the different races, religions, 
castes, languages, &c. 9. Health and disease map, as 
connected with natural phenomena, pointing out 
districts most suitable for Europeans, the cure of 
disease, and — stations. 10. Crime map, show- 
ing districts where female infanticide, dakcoitee, thug- 
gee, suttee, &c., exist. 11. Progress of education, 
manufactures, &c. 12. Public works, marking the 
annual progress of railroads, tramways, canals of navi- 
gation and irrigation, roads, &c. 13. Map of com- 
parative density of population: 14. Traffic map, of 
passengers, goods, merchandise, &c. 15. Electric 
telegraph, with stations marked. 16. Military map, 
showing forts, military stations, disposition of troops, 
&e. 17. Land-tenure map, marking zemindar, ryot- 
war, settlement, and other systems. 18. Revenue 
map. 19. Map showing exports and imports. 20. 
Map marking districts where famines have periodically 
occurred, a showing the nearest rivers and canals in 
their vicinity, and if irrigation be practicable. 

“There are many other subjects which could be 
illustrated in the same way, this principle being capa- 
ble of almost indefinite extension. It is unnecessary 
to dilate upon the amount of valuable information 
which an atlas of this kind would convey, and which 
would prove in the Government offices and colleges, 
both in this country and in India, of the utmost im- 
— The diversity of opinion which exists on 

ndian questions must to a great extent be attributed 
to the physical and social differences which exist on 
this great continent. Such a work would tend to cor- 
rect erroneous views, and clear up apparent anomalies. 
Subjects connected with India cannot be too much 
simplified. Such a work would prove most useful to our 
statesmen, capitalists, merchants, engineers, and others 
in forming a correct and comprehensive view of the sub- 
ject, and afford information which could not be readily 


derived from other sources. It would likewise oo 
of value in pointing out the vast resources of the 
country, and the best means of developing them. 


Much valuable information already exists for the com- 
pilation of such a work, and further information might 
easily be acquired by furnishing to the heads of the 
civil and military departments in India skeleton maps, 
and requesting each to furnish such local information 
as came within his own immediate knowledge. The 
cost of such a work would be trifling as compared with 
its practical value, and the sale of the maps would to 
some extent cover the expense.” 

We have little to add to the above words by Mr. 
White. The subject is one of vast importance, and 
deserves the immediate attention and consideration of 
the Secretary of State for India. The proposed atlas 
would doubtless bé much increased in value, if to each 
map were attached a short statement, which would not 
only make the work more complete and interesting, 
but would serve also to furnish additional information 
on each subject. Care should, of course, be taken to 
limit the amount of letter-press in every case, so that 
the entire work might be comprised within the smallest 
— compass consistent with the amount of in- 
ormation it would contain, and it should be sold at a 
price only just sufficient to cover the actual cost of its 
production, so that it might be brought, with respect 
to price, within the means of the largest possible num- 
ber of purchasers. Once compiled, the maps should be 
annually revised and corrected by the officers of Go- 
vernment in India, and a new edition published, at 
first, say, once every five years, would probably be 
found to diffuse, more widely, a knowledge of India, 
aud an interest in its progress and prosperity, than 
any other means which have hitherto been put forward 
and suggested with that view. 








TUNNELLING THE MississipPi.—The project of bridging the 
‘Father of Waters,” at St. Louis, has met with such strenuous 
objections that it has been abandoned, and the railroad com 

inies, whose roads cevtre there, have conceived the idea of tun- 
lling the river, Consent to construct the work will be usked 

Congress, and as soon as it is obtained, it is proposed to begin 

ve work. The cust is estimated at 3,000,000 dollars, and the 
me required for the completion of the work, three years. The 
tannel will not be more than three-fourths of a mile long, 

Tne Steam Rotter —One of the new steam rollers in use 
in Paris weighs 29 tons. Between 10 p.m. and the next morn- 
ing it rolled to a smooth surface a newly-laid coating of broken 
granite over the whole length of the Pont Royal, one of the 
most frequented of the Paris bridges. 

S1x-wHEEL Bocires.—The Michigan Central Railroad uses, 
and has fully tested and proved, the superiority of the six- 
parser y= instead of four commonly used, and a> all 
casualties happening upon the road no passenger inside of a car 
has been injured. sii ” 
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INGLIS’S CORLISS ENGINE. 
(For Description, see Page 92.) 
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LOCOMOTIVE ENGINES. 


Attnoveu there is nothing new in coupled wheels— 
the very first railway locomotives made in England hav- 
ing their wheels geared together—we are decidedly ex- 
tending the use of coupling rods. It is but a few years 
since it was most unusual to see coupled wheels em- 
ployed for passenger a gs whereas they are now 
er general on all lines, even on those with 
moderate gradients. The Great Western, South 
Western, and even the Midland have coupled wheels 
of 7 ft. diameter ; but, with the exception of an engine 
made in 1854 by Gouin, of Paris, and having coupled 
wheels 9 ft. 44 in. in diameter, these are the largest 
that have yet been coupled together, and the newer 
engines of the South Western and Midland, and most. 
of those now making at Crewe, have coupled wheels 
6 ft. Gin. in diameter. The general need of additional 
adhesion weight, without concentrating too great a 
weight upon a single wheel, will doubtless lead to the 
almost universal adoption of coupled passenger engines 
with wheels of from 54 ft. to 63 ft. and in some cases 
7 ft. diameter, and thus we shall, after a time, see the 
last of the 8 ft. 2in. single wheels now used on the 
Caledonian line, and those of 9 ft. on the Bristol and 
Exeter. 

The Americans have for several years employed 
coupled passenger engines exclusively, and they have 
used eight coupled goods engines very extensively, in 
order to distribute their weight over a greater number 
of points upon their lighter permanent way. Indeed, 
we lately described one American locomotive having 
twelve coupled wheels worked by one pair of cylinders, 
although this, of course, is quite an extreme case. But 
it is only very lately that, with the increasing weights 
of our engines, eight coupled wheels have been adopted 
to any considerable extent in English practice. There 
is an eight coupled engine, weighing 56 tons, now at 
work on the Great Northern line, in connexion with 
the Metropolitan traffic, and additional engines from 
the same plan are ordered, while others are working 
upon the Vale of Neath Railway. It is more especially 
for the Indian lines, however, that heavy eight coupled 
engines are making, or already in use. The ten-wheel 
(six coupled and bogie) plan, by Mr. Kershaw, is now 
no longer followed for the Bhore Ghat incline of the 
Great Indian Peninsula Railway, the eight coupled 
engine being now preferred. r. Hawkshaw, too, is 
having heavy eight coupled engines made for the Mau- 
ritius railways, and a very original design of eight 
coupled engine, which we shall probably illustrate in 
an early number, has been carried out by Messrs. 
Sharp, Stewart and Co., of Manchester, for the Indian 
Branch Railway. We should particularly state, how- 
ever, that this firm are in no way responsible for the 
design, which is that of Mr. James E. Wilson. 

It has now become one of the most interesting as 
well as one of the most important questions in con- 
nexion with locomotive practice whether four pairs of 
wheels may be most economically driven by one pair 
of cylinders or by two. The French engineers have 
for some time adopted four cylinder-engines having 
twelve wheels in two groups of six each, and Mr. 
Fairlie has gone further, and arranged the eight wheels 
or twelve wheels, as the case may be, of his four- 
cylinder engines, in two swivelling bogies, thus adapt- 
ing them to very short curves. As will be seen on 





another page, Mr. Fairlie’s success has already been 
considerable, and his engines are gaining increased 
adoption. His first propositions, as we can well re- 
member, were received, only two or three years ago, 
with distrust, if not with unconcealed ridicule ; yet he 
has already made a position for his engines which has 
led to a belief, ak as many of our readers know, 
by a number of professional men, that the plan is 
that of the goods engine of the future. Their con- 
struction admits of total engine weights of from 30 
up to even 70 tons, if the latter weight were required; 
and it admits of working through curves of the 
shortest radius which a bogie of from 5 ft. to 10 ft. 
centres can traverse. We do not wish, however, 
while pointing out certain unquestionable advantages 
which they possess, to pronounce any sweeping opinion 
in their favour. We are aware that doubts have been 
expressed, which can only be set at rest by further 
experience, as to various details of their construction; 
but while we are content, with respect to these, to 
await the issue of time, we can at least say that the 
general design of Mr. Fairlie’s double boiler, his guide 

uadrants for the frame, and his rocking blast-piye 
do not necessarily involve any error ofsprinciple or 
construction. So far as the engines are already in usc, 
we have heard only very satisfactory reports as to their 
working. 


ENGINEER APPOINTMENTS. 

WE have received a letter from a correspondent, 
dated from Queen’s College, Galway, inquiring what 
offices, appointments, or situations are open to junior 
members of the engineering profession, and how they 
are attainable both at home and in the colonies. Our 
correspondent states, “ There are some appointments 
“ made by the Board of Trade, also by the Metropoli- 
“ tan Board of Works, and by some committees in the 
“ Houses of Parliament, for examining plans, &c., to 
“see that the standing orders have been complied 
“ with ;” but in this, we fear, he has, to some extent, 
been misinformed. We have taken some trouble to 
ascertain the facts of the case, and now give the results 
of our inquiries for the benefit of all who may be simi- 
larly interested in a correct knowledge with reference 
to the statements above mentioned. With respect to 
the Board of Trade, we may state that no appointments 
of junior engineers are made by that department of the 
Government. They have their professional advisers, 
in matters connected with engineering, selected from 
the corps of Royal Engineers, and it is only in matters 
of great importance that additional professional advice 
is ever required, in which case reference is, as a matter 
of course, made to the leading members of the profes- 
sion. The Metropolitan Board of Works, on their 
first organisation in 1856, appointed a number of engi- 
neers, or, as they are called, district surveyors ; and, on 
inquiring at their engineer’s office, it was ascertained 
that there was, at least at present, no probability of 
any vacancy occurring in their staff. In the event, 
however, of any such vacancy occurring, advertise- 
ments would be issued by the Board, and applications 
invited for the vacant appointments. The nomination 
would rest with the Board, and the probability is that 
those applicants who could produce the most satisfac- 
tory testimonials would have the preference. With 
regard to the engineers employed to examine plans for 
the committees of the House of Commons, we may 
state that the services of the Royal Engineers, or the 
leading members of the profession, are alone likely to 
be called upon for such a duty; but no professional 
staff is maintained for that purpose. 

It is only on rare occasions that civil engineers are 
appointed for service in the colonies, although, very re- 
cently, twelve such appointments were made for Ceylon. 
These appointments are only made at the request of 
the Colonial Governments. When such a request is 
received, advertisements are issued, and candidates 
selected according to the merits of their testimonials. 
Applications may, however, be made in anticipation of 
future appointments, by submitting testimonials, &c., 
to the office of the Crown Agents for the Colonies, at 
12, Spring-gardens, Charing -cross, London, where 
they will be registered in order of receipt. The value of 
such appointments depends entirely upon the Colonial 
Governments and the nature of the duties to be per- 
formed. 

We are not aware of any regular staff of civil engi- 
neers under Government in which junior engineers can 
hope to obtain situations, excepting that employed in 
the Public Works Department in India, of which, how- 
ever, our correspondent states that those appointments 
are “all but worthless.” During the last eight years 
no less than eighty candidates have entered that service, 
of whom seventy-two still remain, five only having re- 





signed. Thirteen of these were, twelve months back, 
drawing salaries of 600/. a year, besides extra allow- 
ances; twenty-two were drawing 480/. a year, and seven 
were receiving 360/., in addition to the travelling and 
other allowances granted under the rules of the service. 
If these salaries are considered small when compared 
with what might be obtained by a clever engineer in 
England, it must be borne in mind that the service is a 
sure one, the salary is certain, and that hard times and 


the pressure of the money market do not affect the 
regula payment of their salaries each month as they 
fall due. Hitherto ten appointments have each year 


been offered, but we believe that next year twelve ap- 

ointments will be thrown open to competition. The 
fact that two candidates at least for each appointment 
have hitherto offered themselves is sufficient proof 
that these a are not generally despised, 
but we must look to the future in oe to ascertain how 
far the increased rate of salary now given will act as 
an additional attraction to that service. 








THE NEW BLACKFRIARS BRIDGE. 


On Friday last there took place another of those 
pleasant excursions, or perhaps we should rather sa; 
visits of inspection, with which the members 
associates of the Society of Engineers are in the habit 
of enlivening the recess. On the occasion referred to, 
the works visited were those of the new bridge at 
Blackfriars, permission to inspect them having been 
kindly given by Mr. Joseph Cubitt, the engineer to the 
bridge, and the company being received by his repre- 
sentative, Mr. Penrice, by the contractors, Messrs. 
‘horn, and by their engineer, Mr. F. W. Bryant, who 
courteously explained the whole of the arrangements, 
Immediately after their arrival, the visitors assembled 
near the northern abutment, when a photograpl was 
taken of the group. ‘I'he various drawings of the new 
bridge were then exhibited and inspected, after which 
the company dispersed over the works under the 
guidance of the gentlemen we have just mentioned. 

The old bridge at Blackfriars, of which but very 
little now remains, was designed by Mr. Robert Mylne, 
and its foundation stone was laid on the 31st October, 
1760, by Sir Thomas Chitty, the then Lord Mayor. 
For upwards of seventy years Mylne’s bridge stood 
well ; ut eventually it showed unmistakeable signs of 
weakness, and during the few years which immediately 
preceded its removal a large sum was spent in 
strengthening it and supporting the arches by center- 
ing. The failure seems to have been due to the 
defective construction of the foundations, which were 
merely founded on the gravel, and it was probably 
hastened by the increased scour of the river caused by 
the removal of old London Bridge about 1831. The 
old bridge was 44 ft. wide, and crossed the river by 
nine spans, whilst the new bridge, of which, as we have 
already stated Mr. Joseph Cubitt is the engineer, will 
have five spans, viz., a central span of 185 ft. clear 
opening, two intermediate spans of 175 ft., and two 
side spans of 155 ft., and its width between parapet 
walls will be 75 ft., this width being divided into a 
45 ft. roadway and two footpaths of 15 ft. each. 

The contract for the removal of the old and erection 
of the new bridge was taken early in 1864 by Messrs. 
P. and A. Thorn, the contract price being 270,000/. 
with the materials of the old bri The work was 
commenced in June, 1864, and since that time has 
been progressing steadily. A temporary bridge havi: 
been erected, the next step was to remove the old 
bridge, and, in order to enable this to be done readily, 
and with as little interruption as possible to the traffic 
on the river, a double gantry was erected over the 
whole length of the ok this gantry being arranged 
so as to be available in carrying out the construction 
of the new bridge. The gantry was formed by driving 
a row of _ on each side of the old bridge at a 
distance of about 57 ft. 6 in. from its centre line, the 
piles in each row being placed at convenient intervals, 
and being thoroughly steadied by raking struts. On 
the top of these piles were fastened longitudinal baulks, 
these baulks carrying the outside rails of each line for 
the traversers, excepting over the three 70 ft. open- 
ings which correspond with the spans of the temporary 
bridge through which the river traffic is carried on. 
Over these spans the baulks are replaced by fish- 
bellied single-web plate girders. The inner rails of the 
two lines for the traversers are about 5 ft. apart, and 
they are carried in a similar manner to the outside rails, 
a footway being formed between them; in the first in- 
stance, however, the pillars supporting the baulks and 
girders upon which they are carried were bedded 
upon the masonry of the old bridge, each pillar being 
made double so that the two parts could be alternately 
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removed and lengthened as the removal of the old work 
from beneath them went on. 

The gantry above described thus carries two double 
lines of traverser rails laid to a 55 ft. gauge, each line 
being furnished with several steam traversers. Each 
traverser consists of a pair of wrought-iron girders, 
carried at each end by a pair of flanged wheels, and 
themselves carrying rails upon which a kind of trolley 
traverses from one side to the other. Over pulleys on 
this trolley the hoisting-chain is passed, the winding 
barrel, together with the engine and boiler, being 
placed at the inner end of the girders, and the whole 
of the movements of the load to be lifted, both vertical 
and horizontal, being controllable from a staging, upon 
which the engine-driver and fireman are accommodated 
at that point. The load which the main traversers are in- 
tended to lift is 10 tons, and, in addition to them, there 
are some others of lighter construction, which are em- 
ployed in lifting stones about the masons’ “ yard,” or, we 
should rather say, “ staging,” which is situated near the 
southern abutment. The tanks of the hoisting engines 
are supplied with water, when requisite, by means of 
flexible pipes leading from water pipes laid ‘by the side 
of the footway between the inner traverser rails. The 
whole arrangement of these fine gantries is due to Mr. 
F. W. Bryant, Messrs. Thorn’s representative, who has 
also designed the whole of the staging and scaffolding 
—- for carrying out the work under his a. 

n proceeding with the removal of the old bridge, 
the arches were first supported by suitable centres, and 
the stones forming the middle part of each arch were 
then removed one by one by means of the traversers. 
The centres were then removed, and the haunches of 
the arches allowed to fall into barges placed to receive 
them. The removal of the piers has also been effected 
by the aid of the traversers, these being employed for 
lifting off the stones and depositing them in the barges. 
For clearing away those parts below the water-line 
divers have ) Be employed, these divers loosening the 
stones and cutting lewis holes in them by means of which 
the traverser-chains could be attached. The demolition 
of the old bridge is being carried out very completely, 
not only the piers, but the foundations also being re- 
moved Arcsd The stone of which the old bridge 
was built is of excellent quality, and a good deal of it 
is being worked up into the new piers and abutments. 

We must now describe the manner in which the 
foundations of the new piers are being put in. Each 
pier is founded upon six wrought-iron caissons, four of 
these being rectangular, and being situated under the 
pier proper, and the other two ge ay and being 
placed oné under each cutwater. The caissons each 
consist of two parts, the one, or lower Dae intended 
to form a permanent portion of the foundation, and the 
other, or upper part, only acting as a dam, and being 
removed when the work is sufficiently advanced. The 
lower part of each rectangular caisson is 36 ft. by 18 ft., 
and is formed of $in. and }in. wrought-iron plates ; 
the upper part is 35 ft. 9 in. by 17 ft. 9 in., and 1s com- 
somal of Mallet’s buckled plates, yin. thick. The 
sides of the ecaissons are supported by 6 in. I irons 
placed vertically, and by horizontal rings of plate 
girders, 18in. wide, placed round inside them, and 
secured to the J irons by clips. The removable portion 
of each caisson is put together in a series of rings with 
vertical joints near each corner, the joints being made 
tight by means of india-rubber interposed between the 
flanges. 

The six caissons forming the foundation of each pier 
are sunk with intervals of 3 ft. between them, the sink- 
ing being conducted as follows : Guide piles are first 
driven, and each caisson is then lowered intoits proper 
position by means of crabs, until its lower edge rests 
upon the bed of the river. The ground within the 
caisson is then dredged out, and the caisson loaded, so 
as to force it down into the clay. When the caisson 
has thus entered into the clay, it forms a water-tight 
dam, and the water is then pumped out from the interior 
by means of Woodford’s centrifugal pumps, so that 
men can go down and excavate the material within, 
and cause the caisson to sink until the necessary depth 
is reached. In the case of the two northern piers this 
requisite depth is 27 ft. below low-water mark, and the 
total height of the caissons is 45 ft. ; for the other piers 
the depth of the bottom of the foundations is 22 ft. 
below low-water mark. The weight of one of the 
rectangular caissons is about 90 tons, and they are each 
loaded with from 80 to 100 tons in addition, in order 
to force them down. 

In the case of the two northern piers, the permanent 
portions of the caissons are 23 ft. high, ek are filled 
in for a height of 15 ft. with cement concrete, upon 
which is placed 8 ft. of brickwork set in cement. In 
the case of the other piers the permanent portions of 





the caissons are 18 ft. high, of which 10 ft. is filled in 
with cement concrete and the remainder with brick- 
work. The tops of the permanent parts of the 
caissons are in each case 4 tt below low-water mark. 
When the brickwork has been carried up to the level 
of the top of the permanent portions of the caissons, 
piles are driven between the caissons at the ends of 
each of the 3 ft. spaces, and a puddle dam formed. 
The spaces are next dredged out to the bottom of the 
caissons, and then filled in with cement concrete to the 
level of the top of the permanent portions, after which 
the moveable sides of the upper portions of the caissons 
are removed piece by piece, and lifted up through the 
intermediate spaces. This being done, the masonry of 
the pier can be carried right through from end to end. 
As the work proceeds, the horizontal stiffening girders 
are removed, and the sides of the caissons supported 
by means of struts from the masonry. 

The piers are about 130 ft. long over the cutwaters, 
those for the centre span being about 20 ft. 6 in. wide 
at the springing of the arch and 25 ft. at the base, 
and those for the other spans being slightly narrower. 
They are to be composed of brick hearting faced with 
Cornish granite, each cutwater being surmounted by a 
massive column of polished red granite, with a hand- 
somely carved base and capital of Portland stone. 
The masonry has already been commenced at some of 
the piers, whilst at others the caissons are in place and 
the concrete and brickwork is being proceeded with. The 
masonry of the northern abutment is within 4 ft. of 
high-water mark, and that of the southern abutment is 
already above that level, this last abutment having been 
constructed within a single-pile coffer-dam 110 ft. in 
length, well strutted from the inside. It was at first 
intended to make a double-pile dam at this place, but 
eventually it was determined to employ only a single 
row of piles well caulked, and the result proved per- 
fectly successful. 

The superstructure of the bridge will consist of 
wrought-iron arched ribs with straight wrought-iron 
= joining them at the crown, the spandril filling 
reing of cast iron. There will be nine of these ribs to 
each span, all the ribs forming each arch being similar ; 
but the outside or face ribs will have cast-iron orna- 
mental mouldings fastened to them. As we have already 
stated, the spans of the central, intermediate, and side 
——e are 185 ft., 175 ft., and 155 ft., respectively, the 
rises of the arches being 15 ft. 11} in., 13 ft. 10} in., and 
1] ft. 7$ in. The clear headway under the middle of 
the central span is 25 ft. at high water, that under the 
immediate spans being 21 ft. 6 in., and that under the 
side spans 17 ft. 3in. The approaches to the bridge will 
rise at a gradiant of 1 in 35, and the roadway over the 
bridge itself will form an are of 68,450 ft. 6 in. 
radius, the average gradient being about 1 in 40. 
The arched ribs and straight girders will be firmly 
connected by transverse bracing, and will be covered 
by Mallet’s buckled plates, those under the roadway 
being $ in. and those under the footways y% in. thick. 
Upon the buckled plates under the roadway will be 
placed a layer of ragstone and asphalte, and upon this 
granite pitching. The footways will be formed of York 
landing stones, with lime concrete between them and 
the buckled plates. The whole of the ironwork for 
the bridge is being made by Messrs. Lloyds and 
Foster, of Wednesbury. 

In carrying out the works for this bridge, as in 
almost all other large works within the metropolis 
considerable inconvenience has arisen from the small 
space at the disposal of the contractors. The conse- 
quence has been that accommodation has had to be ob- 
tained by constructing stagings over the river, carried 
by piles, the blacksmiths’ shops, &c., being carried in 
this manner. On Friday last the visitors, after they 
had inspected the works, adjourned to one of these 
stagings, where a luncheon had been provided. Cordial 
votes of thanks were then passed to Mr. Joseph Cubitt, 
Messrs. Thorn and Mr. F. W. Bryant, and Mr. Alfred 
Williams, the honorary secretary of the Society, and 
these being suitably responded to, the meeting sepa- 
rated. The whole of the works at Blackfriars are 
being carried out with a skill and energy reflecting 
the greatest credit upon the contractors and their re- 
presentative, Mr. F. W. Bryant. 








Porter's Governors.—Mr. George Salt has recently set up, 
at Saltaire, some of Mr. Charles T. Porter's governors, which 
are driven at the high speed of 320 revolutions per minute, the 
central weight on the governor spindle being nearly 600 Ib. 
Mr. Salt, we understand, has found them a great improvement 
upon the old governor. They are extremely sensitive and quick 
in their action. 

_ Tne AtLantic CasLe.—It is said that on Tuesday last a 
single message was transmitted by the Atlantic Telegraph the 
cost of which was 8002 It must, therefore, have consisted of 
800 words, containing about 4000 letters. 


THE CORLISS ENGINE. 


Mr. Grorcr H. Coruiss, of Providence, U.S., 
was, some twenty years ago, a book-keeper in one of 
the steam-engine factories in that busy town, now well 
known as the Birmingham of New England, With a 
mechanical turn of mind, he saw opportunities for im- 
proving the steam-engine ; but instead of applying his 
efforts in the general line of high pressure, expansion, 
steam jacketting, and surface-condensation, he set 
about a series of improvements in valve gear which are 
now widely recognised, not only in America, but in 
England and on the Continent, where “ Corliss 
engines” are already in extensive use. His — 
ideas, as embraced in his American patents of Marc 
10th, 1849, applied to improvements in valve gear, of 
the variety shown in our illustrations on pages 93 
and 96 of our present number. We might reprint 
here the “ claims’’ of his patents, from the abstracts 
now before us ; but it is enough to say that they were 
for separate steam valves at opposite ends of the 
cylinders, each moved by the “ wrist-plate” shown in 
our illustrations, while. each valve was to be closed by 
the action of “liberating gear,” working in con- 
junction with the governor, according to the speed, so 
that with the least increase of the speed of the engine 
the steam valves would close earlier in the stroke, or, 
with any slacking of the speed, they would close 
later, the varying point of cut off being thus adjusted, 
at each stroke; to a prescribed uniform rate of motion. 
The idea of regulating the expansion in the cylinder by 
the speed was an old one. It was proposed, if not 
actually practised, by Watt, and it was carried out 
mauy years ago by Cadwallader Evans, the son of the 
historical Oliver Evans, of American steam engineer- 
ing fame. It was the subject of a patent by the late 
Mr. Richard Roberts, taken in 1832, a patent which, 
even after so many years, is still well worth reading ; 
it was embodied, years ago, in valve gear employed by 
Mr. Petrie, of Rochdale, and it appeared in the engines 
designed by M. Flachat, in 1847, for working the 
atmospheric tubes of the St. Germain’s Railway. 
Besides, the leading principle of the Corliss gear was 
undoubtedly covered by the American patents of Mr. 
F. E. Sickles, dating back to 1842; and we may add 
that Mr. Sickles, who was a short time since in Eng- 
land, has started a pair of his engines, with valve gear 
regulated by the governor, at the North British 
Rubber Company’s works at Edinburgh. We throw 
out these particulars merely because it is not to be 
supposed that the Corliss valve gear, now coming into 
such favour, was original in principle, even with Mr. 
Corliss, who is now at the head of a great and prosper- 
ous American trade in the construction and sale of 
steam engines. Nor did Mr. Corliss apply for an 
English patent, nor is there any English patent for 
the Corliss engine, except that for improvements 
in his 5 y | valve gear, taken out, a few years 
ago, by Mr. J. Frederick Spencer, of Newcastle, 
whose improvements in the liberating or trip gear, 
as shown in our illustrations, undoubtedly enable the 
engine to be worked at higher speeds than before, 
Mr. Spencer having himself worked the Corliss 
engine at 90 revolutions per minute for marine 
purposes. 


Mr. Corliss’s idea was not only to regulate the 
closing of the steam valve by the governor, but to em- 
ploy separate steam and exhaust valves at each end of 
the cylinder, as had been done here, by Seaward, still 
earlier, and he placed his valves so that there should 
be the least possible waste of steam in the ports. The 
Corliss valves were sliding valves, but they did not 
slide on flat surfaces. They were turned to the out- 
line of a cylinder, and vibrated in cylindrically bored 
cases at the ends of the steam cylinder, an arrange- 
ment which did not in itself, however, remove them 
from the category of slide valves. The exhaust valves 
work under the oy pressure only ; and as the rate 
of expansion in the Corliss engines is generally high, 
the pressure upon the exhaust valves, when they are 
about to open and at their quickest rate of motion, is 
but little. The steam valves work over ports of mode- 
rate size, and do not oppose much resistance to open- 
ing. As for closing, they are, up to the moment of 
closing, under the same steam pressure within the 
cylinder and in the valve-chest ; that is to say, they 
are in equilibrium, and, once open, they are easily 
moved still further open, and they close easily when 
liberated by the trip gear, the closing being effected 
indeed by a weight or spring, the motion being arrested 
by an air-cushion or “ dash-pot.” 

We have seen a 26in. cylinder Corliss engine, of 





4 ft. stroke, working regularly at sixty-two revolutions 
per minute in a ‘Toling-aill It never increased or 
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lost speed, whether the rolls were running empty or 
whether a bloom was just passing through. The speed 
was, as in all Corliss engines, regulated on each single 
stroke; and whereas on one stroke the cylinder might 
take only a sip of steam, it might, on the next stroke, 
when a bloom was passing through the rolls, help it- 
self, so to speak, to steam for the whole stroke, but in 
every case the amount of steam taken was practically 
as the work done, and the speed remained the same. 
Single-cylinder Corliss engines are extensively em- 
ployed in spinning-mills, and with almost perfect uni- 
formity of motion. 

A few years since, in 1859, Messrs. A. Pirie and 
Sons, of the Stoneywood ‘~~ Mills, Aberdeen, im- 
ported a single horizontal Corliss engine, of 20in. 
cylinder and 4 ft. stroke, and this has been at work 
with much satisfaction ever since. Mr. J. Frederick 
Spencer, happening to be in Montreal two or three 
years later, met a clever Canadian engineer, Mr. Wil- 
liam Inglis, now resident in Manchester, and to whom 
we are indebted for the tracings from which our illus- 
trations are engraved. Mr. Inglis had made the Cor- 
liss engine a study, and had erected some of them of 
large size in and near Montreal. Mr. Spencer induced 
Mr. Inglis to come to England, and he (Mr. Spencer) 
furthermore took out a patent for improvements in the 
Corliss liberating gear, whereby, as we have explained, 
it was adapted to higher speeds than Corliss had 
worked at. On Mr. Inglis’s arrival here, he designed 
a number of engines for Mr. Robert Douglas, of 
Kirkcaldy, N.B., who is, at any rate, one of the earliest 
makers in the kingdom. Messrs. Hick, Hargreaves 
and Co., of Bolton, who have more lately taken up the 
manufacture, are now making one for Messrs. Pirie, of 
24 in. cylinder and 4 ft. stroke, and this, it is expected, 
will soon be mated with an additional engine of the 
same size, the two being intended to work together. 
Besides these, Messrs. Pirie, who are among the 
staunchest friends of the Corliss engine, intend to put 
down next year a pair to work to 500 indicated horse- 
power, the engines to have 36 in. or 38 in. cylinders 
and 5 ft. stroke. Messrs. Malcolm, Ogilvie, and Co., 
of Dundee, have a single Corliss engine of 40 in. 
cylinder and 5 ft. stroke, and it is intended to adda 
mate to this so as to make a pair. The engine of 
which we have given illustrations is one of a pair 
making for Messrs. Wallis and Pollock’s flax mill at 
Cork, the dimensions being 30 in. cylinders and 5 ft. 
stroke. Messrs. Hick, Hargreaves and Co. had made 
a single engine of 24 in. cylinder and 8 ft. stroke for 
themselves ; but Messrs. Platt Brothers, of Oldham, 
insisted upon purchasing this, and Messrs. Hick and 
Co. have again made another of the same size for them- 
selves. A Corliss engine at Messrs. John Shaw and 
Sons, Halifax, has a single 30 in. cylinder and 5 ft. 
stroke, and arrangements are making to put down an- 
other cylinder, so as to make a pair of engines. Messrs. 
Losh, Wilson, and Bell have made a number of Cor- 
liss engines to Mr. Spencer’s designs. Mr. Douglas, 
of Kirkcaldy, has made not only several of 18 in. cylin- 
der, but he is arranging to change the cylinders of 
some still larger engines, substituting the Corliss gear. 
One of Mr. Douglas’s Corliss engines is working at 
Messrs. Brown and Craig’s, Victoria Dockyard, Cork. 
This is a beam engine, with 25in. cylinder and 5 ft. 
stroke. We may add, that Messrs. Titus Salt and 
Sons, of Saltaire, have just given Mr. Inglis an order 
to replace, one by one, the four 50 in. cylinders, 7 ft. 
stroke, of their fine engines, as put up a few years ago 
by Messrs. Fairbairn and Sons, the valve gear to be 
changed to the Corliss pattern. These engines, when 
thus altered, will be the finest examples of the Corliss 
system in England.- We may add that Messrs. Man- 
love, Alliott, and Co., of Nottingham, are making 
their first Corliss engine, of 16 in. cylinder and 3 ft. 
stroke, which is to be in readiness for working 
at the forthcoming meeting of the British Associa- 
tion. 

Mr. Corliss’s plan of engine is largely and closely 
copied by the Prussian makers on the Continent, where 
it is in great favour, while his own works, at 
Providence, U.S., are now perhaps the largest and 
most successful of their kind in America. 

Complicated as the valve gear of the Corliss engine 
may at first sight appear to be, it has now worked for 
years with entire satisfaction, as we can ourselves 
testify after having seen at least some scores of these 
engines at work in America. As for economy of fuel, 
Mr. Inglis designs bis engines to cut off at one-tenth 
only of the stroke, where a condenser is employed, and 
with this rate of expansion, and steam-jacketted 
cylinders and cylinder covers, an indicated horse 
power per hour may be calculated upon at from 2 lb. to 
24 lb. of coal. 





LONDON WATER FROM THE LAKES. 
To tHe Eprtor or ENGINEERING. 


Sir,—We are obliged for the notice you have taken, 
in your publication of the 3rd inst., of our project for 
the future water supply of London ; two inaccuracies, 
however, have crept into your article on the subject, 
which we shall feel obliged if you will allow us to 
correct. 

lst. As to the altitude at which we propose to deliver 
the supply. 

This is at a height of 220 ft. above high water at 
London, and not at 220 ft. above sea level at the regu- 
lating reservoir near Harrow. 

2nd. In comparing the estimates of our project and 
that of Mr. Bateman, you give the cost of that gen- 
tleman’s scheme as 8,600,0002., instead of 10,850,000/. 
See page 27 of his pamphlet. 

We have also ot your notice of Mr. Duncan’s re- 
port to the Corporation of Liverpool, on the subject 
of obtaining, at a cost of 1,500,000/., a supply of 
water from Bala Lake, in aid of the present a | to 
meet the probable future requirements of that town. 

Our object in this communication is not to dis- 
parage Mr. Duncan’s project, but to point out how, by 
the mutual and timely co-operation of the parties in- 
terested, the same object may be attained at less cost 
and with great public advantage. 

The ex'sting demand for water in Liverpool ap- 
pears to be about 18,000,000 gallons, whilst the aver- 
age supply does not exceed 16,500,000 gallons daily. 
Of this, 9,000,000 gallons may be taken as derived 
from the Rivington Reservoirs, the remainder, or the 
principal part of it, being pumped from wells in the 
new red sandstone, and would, we presume, be super- 
seded by the water proposed to be brought from Bala. 

The Bala Lake project, however, is for a supply of 
20,000,000/. gallons per day, of which not more than 
9,000,000 or 10,000,000 gallons could at present be 
used; so that the inhabitants would now be called on 
to pay for a supply, the full extent or advantages of 
which would not be realised for probably twenty years 
to come. 

The interest on 1,500,000/., together with the cost 
of collection, maintenance, and supervision, would 
amount to about 80,000/. per annum. 

London cannot much longer be supplied from the 
Thames and the Lea. Some such scheme as we have 
projected must be carried out, and ours has been de- 
signed with the object of affording a supply, where 
needed, to the populous districts and towns lying in 
the vicinity of the aqueduct conveying water to Lon- 
don, as well as to the metropolis itself; and in the 
case of Liverpool, this could be done with great faci- 
lity, as the aqueduct would pass in the immediate 
neighbourhood of the Rivington Works, and at an 
altitude sufficient to supply, by means of or in con- 
junction with them, any amount of water which might 

desirable, both fcr present and future requirements ; 
say 10,000,000 gallons daily, for present purposes. 
This quantity could be supplied at a cost of about 
40,0002. per annum, and the rental hereafter increased 
proportionately with increased consumption. 

We are, Sir, your obedient Servants, 
G. WittovcnBy Hemans. 
RicwarD Hassarp. 
1, Westminster-chambers, Victoria-street. 
London, August 9, 1866. 

[We should have mentioned in connexion with this 
subject, in the notice in our last number, that Mr. 
Hassard was the original proposer of the scheme now 
nearly carried out for the water supply of Dublin from 
the river Vartry.—Eb. E.] 








SUBMARINE TUNNEL BETWEEN 
ENGLAND AND FRANCE. 


To tHe Epiror or ENGINEERING. 


Str,—I shall be greatly obliged if you will give in- 
sertion in your valuable paper to the following de- 
scription of my project for a submarine tunnel to unite 
England and France by railway, and allow me to state 
that I last year laid before the respective Governments 
elaborate plans and sections for a line from Romney 
Marshes, vid Dungeness, to Cape Grisnez, and thence 
in the direction of Boulogne and Calais, and that the 

ublication of my plans has given rise to the present 
interest on the subject. 

On taking up the subject of a tunnel to unite Eng- 
land with the Continent, I began by studying the 
geology of the opposite coasts, which hitherto seems 
to have been entirely overlooked as bearing upon the 
question, and for this purpose I last year visited Dun- 
geness, and minutely examined the whole line of coast 





from thence to Folkestone ; and as geologists know of 
what materials the different formations consist, and the 
relative position of the strata, the chalk above the 
green sand, the latter next above the Wealden clays if 
we have Wealden clay at Dungeness and no chalk at 
- y Grisnez, it follows, as a certainty, that no chalk 

ill be met with in mid-channel, and that, therefore, 
there will be no difficulty in constructing a tunnel 
from Dungeness to Cape Grisnez, which is the shortest 
line across, avoiding the chalk, and in every sense the 
best that can be selected. ; 

The late Captain Washington, R.N., in his report 
dated June 25th, 1844, observes that Dungeness is an 
alluvial deposit of clay, covered with a superficial 
stratum of shingle, seldom exceeding from 8 to 12 ft. 


in depth. 

Believing from my experience at Bermuda, in making 
excavations in porous rocks when with the Admiralty, 
that it would Seaute impossible to keep down the 
water by any amount of pumping in an excavation of 
chalk, with a pressure of from 200 to 300 ft. of water 
upon it, I came to the conclusion that the construc- 
tion of a tunnel from Dover through the chalk will be 
impracticable. I, therefore, in my communication of 
last year to the Minister of Works, stated the question 
as follows : 

First, the aim being to unite London and Paris by 
the shortest route, the line should go by Dungeness. 

Secondly, there is less water between Dungeness 
- Cape Grisnez than between Dover and the French 
shore. 

Thirdly, the Dungeness line would pass through the 
clay; the Dover line through the chalk formation. 

Fourthly, the line from Dungeness would cross the 
shoal called the “ Ridge” in mid-channel, which has 
only 11 ft. water upon it at low-water spring tides, and 
where I propose the construction of an extensive 
shaft; but between Dover and the French coast there 
is no shoal, 

Fifthly, the approaches to the tunnel from the low 
level of Dungeness would be easier than from the high 
cliffs of Dover ; so that, take the question in any way it 
may, Dungeness has the advantage, and brings the 
project within reasonable limits, as regards probable 
cost and time required for the construction of the 
works, and besides which good brick-clay and other 
useful materials would be obtained from the excava- 
tion, useful in the construction of the works. 

The approaches to the tunnel would have an incli- 
nation or lin 70 for about 3? miles, which at the point 
of Dungeness would place the level of the rails the 
depth of 240 ft. below low-water spring tides; the 
sal would then rise from Dungeness shaft at the 
rate of 1 in 3795 for about 7 miles, then fall at the 
rate of 1 in 1200 for about 8 miles to the central shalt 
on the “ Ridge,” from thence fall at the rate of 1 in 
3265 for 11 miles to Cape Grisnez, and thence rise at 
the rates of 1 in 70 and 1 in 81 to join the French 
railways. 

The height of the tunnel, as shown on the section, 
will be 25 ft., and it will be sufficiently wide for two 
lines of railway. 

The main shafts, of which there would be three in 
number, will be of ~~ dimensions, the central shaft 
on the “Ridge” to be protected by a breakwater 
formed of rubble and faced with ashlars. The other 
shafts I purpose effecting by means of wrought-iron 
tubular ™ es, from 8 ft. to 10 ft. square or diameter, 
the inside strengthened with plates on the cellular 
principle ; the Dong would be provided with proper 
valves to regulate the ingress and egress of water 
during the time of sinking into position, and when set 
they would be supported by proper guy chains and 
tackle from anchor moorings placed in various direc- 
tions around the piles, each p e forming a shaft. By 
these means any number of intermediate shafts may 
be sunk simultaneously, and rapid progress made in 
the construction of the tunnel. I may ae state that 
copies of my plans are at the offices of the South 
Eastern, the London, Chatham, and Dover, and the 
London, Brighton, and South Coast Railway Com- 
panies, the Institution of Civil Engineers, and with 
many noblemen and gentlemen; and I have strong 
evidence to prove my right to the claim of being the 
first to project, and to publish plans and sections, 
for a line from Dungeness to France, and, I think, to 
put yoo om of a tunnel under the channel in a shape 
that will bear investigation as to practicability and 
reasonable cost. 

I am yours most obediently, 
GzorcE REMINGTON. 


A Rartway Soup ar Aucrion.—The Mississippi and Mis- 


souri Railroad, in the United Sta’ lately sold at auction t 
a single bidder for 2,100,000 dollars, . 
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MESSRS, RENNIES’ GUNBOATS. 
WE give, on the — page, eperavings of two gunboats, the 


Columbo and the Cabral, designél and built by Messrs. Rennie 
for the Brazilian Government. The vessels are intended for 

rt and river service, and are each 160 ft. long by 35 ft. 6 in. 
am the draught of water when loaded being 9ft. 6 in., and 
the tonnage 92733 tons. Their speed at the trials was 103 knots. 
Figs. 1 and 2 show the vessels as they appeared when leaving the 
Thames, whilst Figs. 3 and 4 represent them as ready for ser- 
vice, the temporary ends with which they were fitted in order to 
enable them to cross the Atlantic with greater safety being re- 
moved. From these last figures it will be seen that each gun- 
boat is furnished with two batteries, one near the fore and one 
near the after end, the parts of the vessel beyond these batteries 
being covered by sloping decks raised very little above the 
water-line. Each battery has six ports, two of these being situated 
in the transverse bulkhead, so that two guns can be pointed in a 
line with the keel, and the others being formed two in each 
broadside. This arrangement enables the vessels to be fought 
end or broadside on at pleasure, and it also gives the power of 
using one pair of the guns as bow and another pair as stern 
chasers. 

The sides of the batteries and the bulkheads forming the ends of 
them are protected by 4% in. armour-plating, and plating of the 
same thickness is also carried along the entire length of the 
vessel in the neighbourhood of the water-line. The slopin 
decks at each end are covered with 2} in. plating with the usua. 
teak backing. The stores and powder magazines are situated 
under the batteries; and between the latter, in the waist of the 
vessel, are situated the officers’ quarters, the shallowness of the 
draught not allowing these to be placed below the water-line. 
The spaces at the ends of the vessels fore and aft the armour- 
plated bulkheads are left empty. 

The engines and boilers are also placed in the middle of the 











vessel, the former consisting of two pairs of trunk engines drivitf; 
twin screws. The engines are of 240 horse power nominal, an 
their indicated power is 750 horses. The cylinders are 37 in. 
in diameter, the effective diameter allowing for the trunks 
being 35 in. The stroke is 1ft. 9 in. The engines are 
run at about 90 revolutions, the pressure of steam being 
21 1b. per square inch, and the average vacuum 25 in. 
The are placed back to back, as shown in the 
plan, Fig. 2; and the condensers, which are of the or- 
dinary injection class are situated at the sides of the 
vessel. The twin-screw principle has been advocated and 
adopted by Messrs. Rennie for war vessels since 1852, and it 
has been carried out by them in the vessels which we are de- 


-scribing, on account of the facilities which it affords for ma- 


neuvering in a narrow channel. Although, however, twin 
screws enable a vessel to be turned, end for end, within a space 
equal to her own length, the time occupied in so turning does 
not differ materially from that required for making a complete 
circle in the ordinary manner. Thus with the Columbo, with 
both engines going ahead, and the helm hard over, the circle 
was completed in four minutes, the diameter being from 600 to 
700 ft. With one engine going ahead and the other astern, the 
time was 4 min. 6 sec., and the diameter of the circle was equal 
to the length of the vessel, or 160 ft. 

As we have already stated, the Columbo and Cabral were de- 
signed and built by Messrs. Rennie. They were also engined by 
the same firm, the vessels being constructed at their yard at 
Greenwich, and the machinery at their works at Blackfriars. 
The Cabral was launched on the 30th of June last, completely 
fitted out with engines and armour-plating, and with her masts 
and rigging all standing. She left Greenwich on the 3rd and 
was tried on the 4th of July, and on the 17th she sailed from 
the Thames for her destination, the Columbo haying taken her 


departure a month previously. 





* THOMPSON’S PATENT MANUFACTURE OF 
FIREARMS AND ORDNANCE. 


Tuts improved method of manufacturing gun barrels and 


tubes for ordnance was patented by Mr. James Thompson, of 
Bilston, Staffordshire, in January 1864, No. 139. 

The object is the production of a homogeneous tube free from 
all welds, joints, or other points of weakness, and it is partica- 
larly suitable for the working of soft steel, homogeneous iron, or 
Bessemer steel, and this is the process referred to in our article 
on Weldless Tubes, on page 89. 

The woodcuts illustrate the whole series of operations to 
which the material is subjected, in the production of a barrel 
for a military rifle. 

Fig. 1 shows the cylindrical solid block of steel with which 
the operations commence. This is obtained by cutting round 
steel bars into short lengths by a circular saw. It is not neces~ 
sary that each barrel or tube should be produced from a se 
block, since the first processes may be carried out with a block 
of sufficient size for two or more barrels, and the different single 
lengths cut off afterwards at-a further stage of the manufacture. 
Fhe solid cylindrical block of steel is p under a steam 
hammer carrying a pointed conical punch, M (Fig. 8). It is 
held upon the anvil in a central position by a pair of jaws, Fig. 
5 (IT T), which move forward and backward by a pair of screws 
(a 6), so as to clasp a cylindrical block, of larger or smaller dia- 
meter, pmbantelonh ly with the point of the punch fixed to the 
Win Aone plan of the ic grippi tus fe 

ig. ows the concentric a us for 
apap J the cylindrical block in its pro pedliva toe tho anvil, 
It is obvious that, instead of fixing the punch to the hammer, 
a simple loose punch may be held upon the top of the cylindri 
block in the proper position by means of a long handle, the same 





as commonly used in the blacksmith’s forge for punching iron, the 
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steam hammer driving the punch into the red-hot steel cylinder. 
This will give the advantage of facilitating the reversing of the 
block and driving in the punch from the two opposite sides. In 
that case the concentric gripping apparatus may be discarded, 
since the workman will adjust the position of the punch by the 
judgment of his eye. 

The operation of punching produces a hollow cylinder or ring 
without weld or seam. This is the main feature of the process, 
and all subsequent operations only alter the shape and a 
tions of that ring first obtained. The principal work to be done 
is elongating the hollow cylinder, reducing its outer diameter and 
the diameter of the bore within. This is done by hammering 
and rolling. 

The punched cylinder is placed upon a plain cylindrical 
mandril and hammered out between swages. This operation 
pene an <> ge hollow cylinder, which is afterwards 

urther elongated rolling. Figs. 7 and 8 show the tube in 
that stage of manufacture. 

The next process is the rolling of the single gun-barrels to 
their proper shape and size, tubes that have been pro- 
duced from blocks enough to furnish several barrels must 
be cut into lengths of the proper size to furnish one barrel each. 
They are then placed upon a mandril and through the 
rolling mill. The rolls for producing taper barrels are of suffi- 
cient diameter to produce the complete length by one revolution 
or less, Fig. 9 shows a section of a rolling mill as applied by 
Mr. Thompson. The rolls are grooved suitably for producing 
the taper of the barrel, the cad of barrel or the commencement 
of a revolution being fixed by a stop, F, fixed to the roll by 
screws, and capable of being exchanged for other stops (Fig. 13, 
Fig. 14) &c., when sequined, The steel tube, as ghesd upon 
the mandril, R, is shown in dotted lines. The mandril hasa 
collar or nick, ¢, at its end, with which it is caught by a grooved 
standard, U, during the rolling process, and prevented from 
being drawn through the rolls, The tube is therefore drawn 
off the mandril while being rolled. 

Fig. 10 shows a longitudinal section of the rolls, with the 
— for barrels having irregular projections on their sides. 

t is proposed to roll all such projections at the same time with 
the barrel; it is probable, however, that in practice it will be 
found more convenient to produce such projections subsequent 
to the rolling. 

Figs. 11, 12, 15, 16 show finished barrels of various shapes, 
which can be produced direct by rolling in the manner Just 
described. 

‘ The advantages < a —< —— over the method 

itherto in practice for steel ba which consists in 
boring the barrel out of a solid steel bar, are reduced cost and a 
lessened chance of waste, since it is well known that the process 
of boring solid steel is slow and expensive, and the production of 
a long deep hole offers many ulties which are effectually 
overcome by this new process. 





RECENT PATENTS. 

Axnovt one hundred and forty specifications have 
been published this week. Of that portion of these 
which have an interest for the engineer, the number 
possessing real novelty and probable value is, we 
should say, very small. We notice, however, the fol- 


lowin 
R. 


W. Fraser, of Edinburgh (No. 2563, a.p. 1865), 
describes new details for carrying out an old idea for 


propulsion. It is that of pushing out one or more 
Puck's foot pistons, so as to act by direct pressure 
against the water at the stern. The pistons are to be 
forced out flat against the water, and at the end of 
their outward stroke are to fold back and present only 
their edges to the return stroke, which is, of course, 
ineffective. The details, as is usual in schemes of this 
nature, are ingenious. 

G. W. Rendel, of Elswick (No. 2569), patents a 
naval gun carriage, in which the recoil turns the screw 
which tightens the compresser. The object is to 
create an increasing resistance as the gun comes in 
board, instead of checking it by a constant friction. 
The idea of tightening the compressing screw by a 
sudden blow from a gun kicking back on discharge 
does not strike us as a good one. 

W. A. Martin, of 18, Cannon-street (No. 2575), 
patents a system of signal whistles, of which something 
was heard in the beginning of the present year. Two 
or more common steam whistles are fixed upon 
a stem, so that the discharge of the steam shall be in 
opposite directions, the sound of one whistle being re- 
flected back against that from the other. Mr. Martin 
shows bellows for working the whistles. 

W. D. Grimshaw, of Birmingham (No. 2576), 

tents a capstan, in which a large bevel wheel is 
ormed on its under side and worked by a pinion 
driven by a pall lever, this lever rising from the deck, 
and being worked to and fro by hind. 

John Cunningham, of Liverpool (No. 2578), patents 
certain Z-shaped, T-shaped, and V-shaped sections of 
iron for fireproof floors, This iron is to be very 
light, and its various forms are designed merely to 
hold concrete or lime in place between the iron beams, 
which are to be of the usual section. 

H. G. Craig, of the Victoria Dockyard, Cork, patents 
the use of steel for railway carriages, their monary 
doors, panels, roofs, &c. No drawings are given, and 
none are required, nor is the idea new, 

Priestley, Whitworth, and Sutcliffe, of Sowerby 





Bridge, Yorkshire, patent a form of channel in mill- 
stone cases for taking off the meal uniformly from their 
whole inner circumferance. 

Julius Homan, who is connected with Messrs. W. 
and T. Phillips, of the Coal Exchange, patents 
(No. 2593) the construction of deep girders by 
rivetting two or more rolled beams together, one 
over the other, by their flanges, and rivetting top 
and bottom plates or flanges to the compound beam 
so formed. In this way depths of 2ft. may be 
attained with 8in. rolled beams, and, the patentee 
believes, a cheaper and a stronger beam is thus 
obtained than by the ordinary form and construction 
of a plate girder. The same patentee (No. 2594) 
patents fillets of T iron to support the concrete of fire- 
proof floors between the rolled joists or beams. 

George Voight, of Aldershott (No. 2595), patents 
the old idea of applying brake blocks to railway 
wheels by the motion of the buffer rods. 

William Clark, of Chancery-lane, patents (No.2601), 
as a communication from a Frenchman, the general 
mode of propulsion which we have already noticed in 
connexion with Mr. Fraser’s scheme, No. 2563. The 
details are different, but there is the reciprocating 
piston acting upon the water at the stern, the inward 
stroke of the piston producing no effect. 

John Sturgeon, of Burley, near Leeds (No. 2604), 
patents a steam generator, into which only minute 
quantities of water are to be admitted, and flashed 
into steam on the instant as required. Nothing is 
said of the antiquity of the idea, nor of burning out 
the generator. Among other modes of heating, it is 
proposed also to vaporise the water by electricity ! 

. G. Woodward, of St. John, New Brunswick (No. 
2609), patents a mode of ventilating the engine-rooms 
of steam vessels by forming an air-case round the 
funnel, the rising column of heated air drawing in cool 
air below. 

J. H. Johnson, of 47, Lincoln’s-inn-fields, as the 

nt of Joseph Harrison and Thomas L. Luders, of 
Philadelphia, bis. patent further modifications of the 
well-known Harrison boiler. The “ units,” each of 
four hollow spheres, were formerly bolted together into 
slabs,” whereas, by the present patent, an entire 
slab, of perhaps forty spheres, communicating with 
each other by necks, 1s to be cast in one piece. The 
object is to get over the difficulty of a great number 
of joints, leaking joints having caused the failure of 
this boiler in England, although it appears to be still 
made and used in the States. 

James Crutghett, of Stroud (No. 2619), patents the 
introduction of steel or other wire, along with india- 
rubber, leather, &c., for driving-straps or ode 

Giffard, of Paris (No. 2621), patents (through Mr. 
Henry, of Fleet-street) a mode of constructing and 
connecting upper and under frames of railway carriages, 
so as, according to the inventor’s statement, to diminish 
the oscillating, pitching, or otherirregular motion. It 
does not strike us clearly how the means proposed can 
diminish these motions at all, but M. Giffard’s inven- 
tions are generally so wonderful that, as in the case of 
his Injector, the idea may not appear at first sight. 
We hardly think we need, however, give drawings of 
this invention until we hear of its coming into use. 

D. C. Pierce, of No. 8, America-square, E.C., patents 
(No. 2624) forms of permanent way in which a Seiten. 
rail is supported upon a longitudinal T-iron sleeper, 
with wood packing between. We see no difference 
from the plan so long and so successfully used by Mr. 
Fox, the engineer to the Bristol and Exeter Railway. 

John Linton, of Selby (No. 2626), patents an ap- 
paratus for separating the solid matter from sewage by 
deposition, the solid portion to be afterwards mixed 
with twice its weight of town refuse, and the filtered 
liquid portion being allowed to run to waste. 

Lerenard, of Paris (No. 2630), patents a cement for 
steam pipes and various other purposes. Twelve parts 
by weight of india-rubber, dissolved in thick gas tar, 
are to be mixed with 6 parts of rag-paper pulp, 12 of 
plastic clay, 4 of red ochre, and 2} of four of sulphur. 

J. U. Bastier, of Gower-street (No. 2632), patents 
further improvements of detail in his chain eye 
The chain-wheel is to have teeth to engage the links of 
the chain; the rising main is to be contracted fora 
length of about 9 ft. at points, say, 150 yards apart, 
and in these contracted portions the india-rubber 
pistons are to exert a “sucking” action, and other 

etails are described. The pistons are made of three 
dises of india-rubber, the intermediate disc being of 
the largest diameter, and the three are held together 
between metal caps. 

W. E. Newton, of 66, Chancery-lane (No. 2639), 
yatents a governor, in which the balls, instead of 

ing attached to jointed arms, are secured each to the 





middle of the length of a vertical plate or spring of 
steel. There are three balls and therefore three of 
these springs, each of which is secured to a fixed 
collar at its lower end and to a sliding collar above, 
these collars encircling the governor spindle. The 
divergence of the balls shortens the springs, and thus 
moves the sliding collar. The patent is for the details 
of the whole arrangement. 

G. A. Ermen, of Eccles, Lancashire (No. 2651), 
patents a mode of clearing the rollers of carding 
engines and other cotton machinery from loose fibres 
by a stretched cord, placed nearly in contact with 
them, and snapped at short intervals by revolving 

egs. 

P a h Tangye, of Messrs. Tangye Brothers, and 
Price, Birmingham, patents (No. 2652) the multiple 
screw-cutting Jathe, br cutting three screws at once, 
as illustrated in the second number of ENGINEERING, 
page 22. ‘This simple invention has greatly cheapened 
the cost of producing jack-screws, and it is coming into 
extensive use. 

MeMillan, Mason, and Scarborough, of Sunderland 
(No. 2653), patent a coating for ships’ bottoms. The 
first layer is a mixture of —— and resin, the 
second is of gutta-percha only, and the outer coating is 
one of geet and phosphorus. 

Armitage, Wooler, and Hodgson, of Farnley, patent 
a mode of making weldless wrought-iron tyres from a 
block, through which a hole is dried and then opened 
out. The tyre is then to be hammered upon an 
inclined anvil-face, only, instead of hammering the 
outer face of the tyre upon a projecting beck, the 
inside of the tyre receives the blow, the tyre resting in 
a groove at the bottom of the inclined face of the 
anvil. We think there may reasonably be entertained 
some doubt as to whether a good iron tyre can thus 
be made from a block of iron in which the grain must 
at some parts run across instead of around the tyre. 
With steel, which is homogeneous or without grain, 
the case is very different. 

Henry Skinner, of Worcester (No. 2669), patents 
details of switch and signal levers, where it is required 
to lock certain levers in a signal-box, when one or 
another switch or signal is on. These details could 
not be understood without drawings. Another part 
of the invention is for certain notched levers, whereby 
the effect of expansion or contraction in the signal 
wires may be compensated. 

J. C. Ridley, of Newecastle-on-Tyne (No. 2657), 
patents a singular mode of “converting” crude pig 
iron by injecting into it, when in the melted state, 
carbonic acid gas—of all things in nature! It is not 
even stated whether the gas is expected to decompose 
or not. It will not decompose in an ignited porcelain 
tube, although Davy did separate the oxygen and 
deposit charcoal by passing the gas over ignited potas- 
sium. Possibly the intended action is the:assumption 
of the carbon in the iron with the production of carbonic 
oxide. But ‘vhat becomes of the silicon? We need 
not pursue the subject, for at present there is not the 
slightest evidence that carbonic acid gas would pro- 
duce the slightest useful effect upon melted cast iron. 

Francis Wise, Edward Field, and E. H. Aydon, of 
Chandos-chambers, Adelphi (No. 2661), patent several 
forms of boiler furnaces, grates, and combustion cham- 
bers. The patent, indeed, includes various other fea- 
tures. Water-bridges, fogmed of pendant tubes of the 
“ Field” pattern, are to Be introduced. In one case, 
circulation is to be maintained within the pendant 
tubes, not by an internal tube, but by a partition de- 
scending nearly to the bottom. This is covered, how- 
ever, by a patent, obtained only a few days earlier, by 
Smith and Batho, of Birmingham. Then there is the 
proposition, which is not new, to vaporise water by 
forcing through it superheated steam or heated air. 
Petroleum is to be burnt by being driven by steam 
jets into the furnace. And a metal plate is to be sus- 
‘mages within the boiler, and galvanic currents are to 

e sent through to prevent corrosion. We do not 
think that this could prevent the effect of such sources 
of corrosion as acidulous water, nor the effect of escap- 
ing steam condensing upon the exterior of the boiler. 
At the same time, the experiment might be worth try- 
ing, to ascertain whether such a plan would prevent 
the corrosion of marine boilers working with surface 
condensers. 

C. G. Lenk, of 6, Lawrence-lane, Cheapside, patents 
(No. 2674) the following mode of purifying water, 
which may be of interest in these times of cholera, 
although we must be permitted to doubt the virtue of 
such simple substances in such homeopathic propor- 
tions. First, the purifying mixture is to be compounded 
as follows: To from 240 to 300 parts of water are to 
be added 12 of alum, 32 of aluminate (of what?) and 
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1 of solution of iron or hypermanganate of potash. 
Of this mixture, from five to ten drops are to be poured 
into each quart of water to be purified. 

F. G. Sicardo, of Paris (No. 2676), patents the old 
and impracticable form of furnace, in which the pro- 
duets of combustion and the waste steam from the 
engine are to be turned into the ash-pan, and sent 
through the fire. What a wet blanket this dose must 
prove! 

Josiah Penton, of Sheffield (No. 2695), re-patents 
the plan of hammering steel tyres upon a beck iron 
on an inclined face of an anvil. This plan was in- 
vented and patented by Mr. William D. Allen, of the 
Bessemer Steel Works, Sheffield, where it is in regular 
use, as also at Messrs. John Brown and Co.’s and at 
Crewe. 

G. R. Ghiselin, of 445, Strand, patents (No. 2697) 
a mode of fastening a ferrule and tightening ring 
within the mouths of boiler tubes. 

Thomas Routledge, of Sunderland, and Bentley and 
Jackson, of Bury, patent (No. 2698) forms of 
hydraulic presses for compressing By as pulp into 
cylinders. The lid of the cylindrical receiver of the 
pulp is to be held down by the ram of a double-acting 
overhead hydraulic cylinder, the alleged object being 
to prevent the eracking of the lid of the receiver. 
Why this mode of holding down the lid is to save it 
from cracking does not appear, nor do we see how, 
unless water is employed under different pressures for 
the main and wpper cylinder, the upper ram, which is 
of small diameter, is to maintain its position against 
the force upon the much larger ram below. There is 
also shown a coupled press, with two or more rams 
working side by side and im conjunction, but this is 
not new, and there are details to facilitate the baleing 
of compressed goods, 








GRAVING DOCKS. 


For rendering accessible for examination and re- 
airs those parts of a vessel which are below the water- 
ne several appliances are now in regular use. Thus, 
there are the graving dock, commonly so called, the 
floating dock, the inclined plane, and the hydraulic-lift 
graving dock, and each of these possesses advantages 
which fit it for particular situations. Where there is 
deep water close in shore, and where a good fall and 
rise of tide can be obtained, the circumstances are 
favourable for the construction of an ordinary graving 
dock, unless, indeed, the ground in which the dock 
would have to be formed is of such a nature that its 
excavation would involve great expense, or that the 
exclusion of water would be rendered difficult. 

The cost of a graving dock will, of course, depend 
not only upon its size and the difficulty experienced in 
making the necessary excavation, but also upon the 
materials of which the doek is constructed ; thus the 
Government docks are generally built entirely of finely 
dressed ashlar, in a manner involving considerable ex- 
penditure, whilst many of the most successful graving 
docks on the Thames have been made of timber at a 
cost which is trifling by comparison. On the Mersey 
some fine docks have been made in the red sandstone, 
a material which is not only free from fissures, but is 
easily excavated, and, when excavated, genus con- 
siderable value as building material. Five docks cut 
out of the solid red sandstone were constucted at Bir- 
kenhead by Mr. Abernethy somg years ago, at a cost of 
86,000/., these docks having the following dimensions : 
No. 1, 300 ft. long, 35 ft. wide at the floor, and having 
18 ft. 3 in. of water over the sill at ordinary spring 
tides; No. 2, 200 ft. long, 40 ft. wide, and 18 ft. 3 in. 
of water over the sill; No. 3, 400 ft. long, 64 ft. 6 in. 
wide, depth of water over sill 22 ft. 3in; No. 4, 440 
ft. long, 70 ft. 9 in. wide, depth of water over sill 26 ft. ; 
and No. 5, 350 ft. long, 69 ft. wide, and with 22 ft. 
3in. of water over the sill. Mr. a has also 
recently constructed two large graving docks at Fal- 
mouth, but in these the open nature of the rock ren- 


dered a large amount of pumping necessary. One of 


the Falmouth docks is 350 ft. by 51 ft., with 15 ft. 6 in. 
water over the sill, and the other 400 ft. by 66 ft., with 
a depth of water over the sill of 17 ft. 6in. Their cost 
was 29,000/. As examples of the cost of graving 
docks in other situations, we may mention the two 
docks constructed by Mr. A. Giles at Bow Creek, and 
the timber graving dock recently completed by Mr. 
W. R. Kinipple at Limehouse. The Bow Creek docks 
were constructed at a part of the Thames where the 
foundation is extremely bad; one of them was 400 ft. 
long and 64 ft. opening, with 24 ft. of water over the sill, 
and the other was 300 feet long, with 46 ft. opening, 
and a depth of water over the sil of 21 ft. Their cost, 
including coffer-dams, caissous, pumping-power, &c., 





was 85,000/. Some particulars of Mr. Kinipple’s dock 
at Limehouse, or the ‘‘ Limekiln Dock,” as it is called, 
were given in this journal some time ago (vide p. 34 
of the last pana we may, however, observe here 
that it is 355 ft. long, by 55 ft. wide at the floor, and 
53 ft. at the entrance, with 20 ft. of water over the 
sill, and that its cost altogether was only 17,000/. 


The cost of working a dock, like the cost of con- 
struction of the dock itself, is very variable, depending 
as it does upon the capacity and situation. If the 
dock be situated in a tideway so that it is emptied of 
water by the fall of the tide, after a vessel has been 
placed in it, the capacity of the dock will have no in- 
fluence upon the expense of emptying ; but where the 
water has to be removed by pumping, the case is dif- 
ferent. Ifthe water has to be pumped out, the more 
nearly the vessel fits the doek the better, and the cost 
of emptying a given dock will thus, under these cir- 
cumstanees, be less if a large vessel is placed in it than 
if a small vessel is docked, the quantity of water to be 
removed being in the latter case greater. In docking 
a vessel the cost of shoring forms an important item, 
but this has been reduced in some instances, as in Mr. 
Abernethy’s docks at Birkenhead, by placing at certain 
parts of the docks upright piers in place of altar-steps. 
The vessel can thus Ye brought in between these up- 
right piers, and moved directly over the keel-blocks, 
and short shores only are then required to keep her in 

lace. At the Southampton docks, 693 vessels have 
on docked during the Yast seven years, the average 
tonnage being 1400 tons per ship. ‘The cost of rm 
ing, meluding pumping, labour, and repairs to the 
docks, was on an average 13/. - ship, whilst the 
average sum paid for each vessel, for docking and for 
the use of the dock during the time it remained in it, 
was 55/. The total amount earned during the seven 

ears was 39,000/., and the expenses were about 8000/. 
The capital of the Graving Dock Establishment, at 
Southampton, has been taken at 150,000/.; but this 
sum is considerably over the cost of the docks. As 
regards the speed of working, it may be mentioned 
that at the large dock at Southampton, upon one occa- 
sion, three large ships, each of more than 2000 tons, 
to be docked in a hurry; two were docked 
and undocked, and the third docked and placed on the 
blocks between daylight and dark. 

In situations where there is a good solid bank gra- 
dually sloping down into deep water at an inclination 
of from 1 in 24 to about 1 in 60, the inclined plane, or 
as it is frequently called, the patent slip, can some- 
times be employed with advantage, particularly for 
vessels of moderate size. Inclines of this kind have 
been successfully constructed and worked at many 
places, the power employed for hauling the vessels out 
of the water being sometimes applied through chains 
worked by gearing, and sometimes by hydraulic 
presses. 

Of the floating dock, which is applicahle in a very 
great number of situations, there are several distinct 
varieties, such as the sectional dock, the screw dock, 
and the box dock or ordinary form. In the sectional 
dock the pontoon, instead of being in one piece, is 
made in several separate portions or “ camels,” each of 
these portions being provided with a timber tower at 
each end upon each of which a detached floating 
chamber can be raised or lowered. These chambers 
give stability to the pontoon or camel when it is sub- 
merged. Of this kind of dock there are examples at 
Philadelphia and San Francisco, that at the wend 
place consisting of nine sections, each 105 ft. long by 
32 ft. wide, and drawing 10 ft. of water when a large 
vessel is placed on them. When all used together, 
these pontoons form a dock 300 ft. long by 105 ft. wide, 
with a total displacement of 5000 tons. The total cost 
was 170,000/. As the pontoons are constructed of 
wood, they will not sink even when filled with water ; 
and in order to force them below the surface, so that a 
vessel can be placed on them, it is necessary to raise 
the detached floating chambers upon their timber 
guides so that their additional weight, when lifted out 
of the water, may sink the main pontoons. The 
pee are emptied by two 20 horse power and two 

2 horse power engines, working three pumps at each 
end of each section by means of moveable shafting. 

The form of dock known in the United States as the 
“serew” dock was so called from its original con- 
struction, although it was afterwards worked by 
hydraulic power. It consisted of a double row of 
timber piles placed at right angles to the shore, in a 
sufficient depth of water and with sufficient space be- 
tween them to admit the largest vessels that the dock 
could lift. The tops of the piles forming each row 
were connected by timbers, and from one row of piles 
to the other there extended a number of tranverse 


beams placed at frequent intervals. ach of these 
beams was suspended by a chain attached to each end, 
the chains passing upwards and over pulleys fixed at 
the tops of the piles. After leaving the guiding pul- 
leys all the chains on each side of the dock were con- 
nected to a horizontal traction bar, which was a very 
strong wooden bar extending the whole length of the 
dock and resting on rollers. Each of the traction bars 
had an end motion imparted to it by means of a power- 
ful hydraulic cylinder ; and as it was thus moved, it of 
course, drew all the chains attached to it uniformly. 
By working the two traction beams at equal. rates, the 
whale of the transverse beams could be steadily raised 
and with them any vessel placed upon them. A dock 
of this kind was in successful use at New York for 
many years. 

Of the modern floating dock an excellent example is 
that now in course of erection at St. Thomas’s from 
the designs of Mr. F. J. Bramwell. Of this fine 
dock we have already given an illustrated description 
in this journal (vide page 231 of the last volume), but 
we may, notwithstanding, mention some of the leading 
varticulars here. The dock is of iron and is 300 ft. long 
long by 100ft. wide, the bottom part being 9ft. 6in. deep, 
and being formed, for convenience of construction and 
repair, of six separate pontoons, each pontoon extend- 
ing from one side of the dock to the other. The pon- 
toons, which are divided by numerous water-tight bulk- 
heads, and are strongly trussed so as to resist the 
various strains to which they are subjected, are firml 
connected together by lattice girders placed at pow § 
side of the dock, these girders being about 35 ft. 
deep. The side girders stiffen the dock, and 
enable the pontoons which are lightly loaded to 
assist those which are more heavily weighted, and they 
also carry the platforms, or decks, upon which the 
pumping and ‘hee machinery is placed. To give the 
dock stability, six “ floats” are placed on each side of 
the dock, between the sides of the main girders, these 
floats being arranged so that any of them can be raised 
or lowered at pleasure by means of suitable gearing. 
In substituting open lattice girders with moveable 
floats for the box sides commonly used for floating 
docks, Mr. Bramwell was led by several considerations. 
One was that an equal strength was got with less 
metal; another was that the open sides gave better 
ventilation, an ae point in a tropical climate ; 
and another that the open girders when immersed dis- 
placed but little water, whereas the ordinary “ box” 
sides require the admission of a considerable quantity 
of water into the pontoons in order to sink them, and. 
this water has afterwards to be removed by pumping. 

In some eases floating docks are used in connexion 
with “ ways” so arranged that, after the vessel has been 
placed on the pontoon, it cam be hauled ashore on its 
cradle. In order that this may be done, the pontoon 
is grounded im shallow water on a platform prepared 
for it, and, the ways on the pontoon being thus brought. 
on a level with those on shore, the vessel is drawn on 
to the latter by a hydraulic press. The docks at Ports- 
mouth (U.S.) and Pensacola are thus arranged, that, at 
Pensacola being 350 ft. long, 105 ft. 4in. wide, and 
38 ft. 3in. deep. Its cost was as follows: floating 
dock, 111,140/.; basin and subways, 70,645/.; float- 
ing gate, 2600/; total, 184,385/. 

The last form of dock which we have to notice is the 
hydraulic-lift graving dock, erected from the designs 
of Mr. Edwin Clark, at the Vietoria (London) Docks. 
According to this plan (of which we gave a description 
in our last volume, at page 129) the vessel to be docked. 
is raised by hydraulic power, the dock, or rather the 
“ lift,” being formed of two rows of cast-iron columns 

laced at a sufficient distance apart to admit a vessel 
rete them, and containing a hydraulic press, the 
ram of which is connected by chains with the end of a 
transverse beam extending from one row of columns to 
the other. The transverse beams just mentioned form 
a platform, upon which is floated a shallow pontoon of 
sufficient size to accommodate the vessel to be docked ; 
the platform and pontoon are then sunk, and the vessel 
floated into its proper position over the latter. The 
pumps of the hydraulic presses being then set to work, 
the platform is raised, and with it the pontoon and 
vessel, the latter ae supported upon the keel. blocks, 
and by sliding bilge blocks, which are hauled into their 
places by chains. When the pontoon is lifted clear of 
the water, the latter flows out through valves in the 
bottom, these valves being closed when the pontoon is 
emptied, and the yr vam being then lowered until the 
pontoon floats with the vessel upon it. ‘The pontoon, 
with its load, can then be transferred to a shallow part 
of the dock, leaving the lift clear for operating upon 
another pontoon; and at the Victoria Docks seven 





| pontoons are now in use in this manner, 
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At the Victoria Docks the lift is composed of two 
rows of cast-iron columns, 5 ft. in diameter, placed 
60 ft. apart transversely in the clear; the total length 
of each row is 310 ft., and the number of columns com- 
posing it is sixteen. The rams of the hydraulic presses 
are 10 in. in diameter, and have a stroke of 25 ft., and 
the depth of water in the lift is 27ft. The shallow 
— of the dock to which the pontoons are floated 

rom the lift is only 6 ft. deep, and part of it is formed 
into eight pontoon berths cunated| by jetties carryin 
workshops, &c., the berths being all 60.ft. wide — 
from 300 ft. to 400 ft. long. The presses of the lift 
are grouped in a manner suggested by Mr. Heppel, the 
pipes of one-half the whole number (those at the upper 
end of the lift) being connected so that the presses 
work together m one group, and the remaining eight 
presses on each side being similarly formed into two 
other independent groups. For further particulars of 
the details of the dock, however, we must refer to the 
description which we have already mentioned. The 
total cost of the work was made up as follows: ex- 
cavation of lift-pit and of the deep channels from the 
lift-pit to the Victoria Docks and shallow water, 
35934. ; lining dock with concrete and masonry, 4473. ; 
timber platform round dock, 4618/.; outlay on coffer- 
dam in the dock, 6543/.; engine and valve-house, 
2200/.; making the cost of excavations, &c., in con- 
nexion with the lift, 21,4277. The cost of the lift com- 
plete and fixed, with columns, presses, girders, and 
pipes, was 20,300/.; the engines, boilers, pumps, &c., 
cost 3600/., and the connecting pipes, including test- 
ing and fitting, &c., 1628/., making the cost of the 
mechanical part of the work 25,528/., which, added to 
the sum before mentioned, gives the total cost as 
46,9557, 

The pontoons employed by Mr. Clark are very 
shallow, and, being open-topped, they do not possess 
any great amount of rigidity. The vessel is thus sup- 

orted on a somewhat flexible base, and this flexibility 
or been sometimes objected to as being liable to cause 
the vessels to be strained improperly, it being urged 
that the best bearing that a ship can ive is a straight 
solid one, such as is given by the keel blocks of an or- 
dinary graving dock. Mr. Edwin Clark, on the other 
hand, considers that this flexibility is an advantage, 
and, from the results of the practice at the Victoria 
Docks, it certainly seems that it is not so excessive in 
amount as to do any harm. When rigidity is abso- 
lutely necessary, as, for instance, when a vessel has to 
be cut in two to be lengthened, or for similar purposes, 
Mr. Clark obtains it by sinking the pontoon upon the 
level bottom of a shallow dock. One of the most im- 
portant properties of the hydraulic-lift graving dock is 
that, by the employment of a single lift worked in con- 
junction with a large number of pontoons, a great 
number of vessels can be floated in shallow water at a 
comparatively slight expense. In fact, it is only when 
a number of pontoons are used that the system becomes 
economical, as, under other circumstances, the expense 
incurred in the construction of the lift forms An, on 
an item in the total cost. Where a large area of shallow 
water can be obtained in a sheltered situation, where 
there are no tides, and where a foundation can be 
readily obtained for the columns, the system is parti- 
cularly applicable ; but where the shore is rocky, and 
there is a great depth of water, the ordinary floating 
dock appears to be preferable. A modification of Mr. 
Clark’s dock has, however, been suggested, by Mr. W. 
H. Walker, for use in deep water, it being proposed, 
where a foundation cannot be obtained for fixed columns, 
to float the presses themselves on a series of pontoons. 





American Rartways.—During the year 1865 the profits of 
railroad lines in the United States were very large. Three 
hundred leading roads, whose annual reports have been analysed 
by a competent financial authority, show that they have in 
operation 8232 miles of first-class roadway, and that with all 
their equipments they cost $495,899,029, or an average of 
$60,236 per mile. During the year 1865 the gross earnings of 
these 300 railroads were $159,194,587, or $19,337 per mile, 
about 30 per cent. on the cost. Not quite two-thirds of this 
sum, or $102,497,917, was spent in running the roads during 
the year, so that $56,696,670 were left for profits, being an 
average of $6886 for each mile of road in operation. This sum, 
which was either divided among the shareholders or set aside as 
a surplus fund, is 11} per cent. upon the amount invested, an 
annual profit which is highly satisfactory, and proves the sub- 
stantial value of American railway investments. During 1865 
18 railroads paid 10 per cent. in dividends, two paid 12 per 
cent., one 15, one 30, and two 35 per cent. 

Gas Enoine.—The Mining Journal notices a gas engine, the 
nvention of Pierre Hugon, of Paris, and now at work in London. 
It appears that it differs trom Lenoir’s engine only in the mode 
of igniting the explosive mixture, which is effected by means of 
external gas-burners, somewhat as in Dr. Drake’s engine 
described on page 123 of our last volume. 74 cubic feet of gas 
were used per horse power per hour, equal to the gas obtained 
from about 18 lb, of coal, this gas being in itself equal to about 

10 Ib, of coal. 





BLAST FURNACES, NORTON IRONWORKS. 











THE great increase in the size of blast turnaces, which has 
taken place during the last few years, is well illustrated by the 
accompanying engravings, which show one of the new furnaces 
now in course of erection at the Norton Ironworks, compared 
with one of three furnaces built at Norton (Durham), for Messrs. 
Warner, Lucas, and Barrett, in 1856. These last furnaces were 
at the time of their construction considered to be large furnaces, 
being 50 ft. high and 14 ft. in diameter at the boshes, and their 
contents being 5740 cubic feet. The average quantity of coke 
required to produce foundry pig by them was about 36 cwt. per 
ton of pigs. About the year 1860, the Messrs. Whitwell built the 
Thornaby Works at South Stockton, with furnaces 18 ft. in 
diameter at the boshes. They were considered rash in building 
such large furnaces, and it was then supposed by many persons 
that they would have to reline them to make them smaller. It 
was found, however, that these furnaces worked well, producing 
a ton of pigs with trom 27 to 28 cwt. of coke, and since that 
time several furnaces have been built near Middlesboro’, 20 ft. in 
diameter in the boshes and 65 and 70 ft. high. Some of these 
produce a ton of pigs with 22 to 24 ewt. of coke, and work well, 
yielding above 300 tons of pigs per week, with Cleveland iron- 
stone containing 40 per cent. of iron. The Aclam works have 
also been furnished with three furnaces 224 ft. in diameter in 
the boshes. These work well, but, having been put into blast 
only this year, have not yet attained a maximum make. 

he Norton furnaces having — the death of one of the 
partners in the original firm) been transferred to a limited 





company, about a year ago, it was decided by the new directors 











to increase the production of the works by building two new 
furnaces which should embody all the latest improvements. 
The erection of them was commenced a few months ago, and 
one of the furnaces is already to its full height of 85 ft., with a 
diameter of 25 ft. at the boshes, and a cubical content of u 
wards of 24,000 ft. A sketch of one of these furnaces is shown by 
the larger of the two sets of figures in the above engraving. 
This furnace has six tuyeres and eight of Player’s patent heat- 
ing stoves, containing about 7500 square feet of heating surface. 
These stoves are placed at equal distances round the furnace, 
and nearly touching it, so that the blast, after it is heated, has 
but a short distance to travel to the tuyeres. It is estimated 
that each furnace will produce about 400 tons of pigs per week, 
with a consumption of 20 cwt. of coke per ton of pigs, and it is 
expected that the first of the two will be put to blast during the 
present year. 

We oy weet that at the Norton Ironworks another large 
railway-chair foundry has lately been built and put to work. 
The two cupolas are of a novel construction, built on Woodward's 
patent plan of exhausting by means of a steam jet; the air rush- 
ing in at suitable openings is used instead of the fan blast. 
These cupolas are about 30 ft. high to the charging-place, and 
give great satisfaction. In this foundry about 80 tons of pigs are 
melted daily and cast into railway chairs As soon as all the 
machines are ready, 120 tons per day will be turned out. We 
are indebted to Mr. John Player, of the Norton Ironworks, for 
the drawings from which our engravings of the blast furnaces 
have been prepared. 
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ORDNANCE WITH DIFFERENTIAL PRES- 
SURE BETWEEN CONCENTRIC TUBES. 
To tHe Eprtor or ENGINEERING. 


Srr,—In your last number I observe a description of a project 
for constructing ordnance with concentric tubes, with interme- 
diate spaces into which a liquid is forced by hydrostatic pres- 
sure, and which, in a foot-note, is attributed to Mr. H. Temple 
Humphreys. I do not know from whence you obtained this 
description, or on what authority the origination of the system 
is imputed to Mr. H. Temple Humphreys. But I think it right 
to say—not because I impute any value to the idea, but merely 
because it is a duty we all owe to society to resist unwarrant- 
able appropriations—that the idea of differential pressure of the 
kind described originated with me, and not with Mr. H. Temple 
Humphreys, and further, that five years ago I communicated 
the idea to him—not certainly as a thing of any great conse- 
quence, but neither with any warrant from me to propound the 
idea as his own. 

I am, Sir, your obedient Servant, 
Joun Bourne, C.E. 





= 





Tue PentaconaL Netrwork.—After upwards of thirty 
years of intense labour, M. Elie de Beaumont, the distinguished 
perpetual secretary to the Academy of Sciences, has at length, 
as far as we may Judge from his last week’s communication to 
that learned body, completed, in the main points, at least, his 
long series of researches on the systems of mountains on our 

lobe, a faint outline of which we will now endeavour to lay 

efore our readers. Mountains are not accidentally distributed 
on the surface of the globe, but grouped together in systems 
which are the result of the action of certain well-defined forces, 
It is well known that sedimental strata, which must have lain 
horizontally at the time of their formation, are found in a ver- 
tical position, or nearly so, in mountains; and this can only be 
the result of an upheaval caused by some terrestrial disturbance, 
by which the earth’s crust was, many thousands of years ago, 
more or less violently rent asunder, and its fragments raised up 
in a vertical or, at least, strongly inclined position. Hence a 
system of mountains and a system of fractures are convertible 
terms. Now, by a system of mountains, we must understand 
not mountains standing alone, as they rarely do, but parallel 
chains of more or less considerable length. If very short, so as 
not to present any perceptible curvature owing to the sphericity 
of the earth, they may be regarded as straight lines, and in that 
case we may always suppose an arc of a great circle—that is, 
one passing through the centre of the earth—to be parallel to 
such a short straight line. If, on the contrary, the chain be a 
long one, frequently changing its direction, then it will admit of 
being divided into sections, each of which, being a short straight 
line, will constitute a link of the chain. Each of these links 
will be parallel to an arc of a great circle, different from those 
parallel to the other links; and the aggregate of all these small 
ares representing the whole chain may be considered parallel to 
to a great circle of comparison, if each tangent of a small arc 
finds its — among the corresponding tangents of this great 
circle. This is often the case, because most of the links con- 
tained in a large country generally follow a limited number of 
directions or orientations; and each group of links tending to- 
wards the same orientation is a system of mountains; it has, 
moreover, been proved, by fossil remains and other circum- 
stances, that all links belonging to the same system were pro- 
duced simultaneously by one and the same terrestrial convulsion. 
For Western Europe alone our author finds twenty-one systems 
of mountains, a number which he by no means considers final. 
To give an idea of these systems, we will just say that the 
Alleghanies in America, the Ghauts of Malabar, and certain 
small chains in the northern part of the Sahara, are parallel to 
the direction of the Pyrenees, and therefore form part of the 
— of that name. Let us now take Milford, for instance, in 
Wales, and through that point draw parallels to all the systems ; 
in that way we shall find all the angles they make with each 
other; and these angles being arranged tabularly according to 
each system, the operation just effected at Milford, where we 
have constructed a rose of directions, may be repeated at Corinth, 
or at some other point, and the angles thus obtained may be 
registered in the second column of the above table, and so on. 
This is what M. Elie de Beaumont has done, thus obtaining 
twenty-one tables, one for each system. Upon examination, he 
found that the same values often returned for angles of different 
systems, which induced him to arrange all the angles, not 
according to the systems, but according to size. It was then he 
was struck by a most singular circumstance; in some places of 
the new table there remained large empty spaces, while in others 
the numbers were so crowded together that there was scarcely 
any room to write them all in. A common calculator would 
have simply attributed this to mere chance; the man of science 
perceived that it was owing to more than that, and that he had 
discovered a law of symmetry in the distribution of those angles 
on the surface of the earth. Inscribing a dodecahedron (a solid 
having twelve pentagonal faces) in the globe representing the 
earth, he found by calculation that all the numbers previously 
obtained were reproduced by starting from the hypothesis of this 
solid, and thus he succeeded in forming a pentagonal network, 
representing, with a few auxiliary great circles, all the systems 
of mountains on the face of the earth. The herculean labour 
the learned author has thus accomplished may be conceived by 
the circumstance that the number of angles calculated by him 
to a hundredth of a second, together with a vast number of in- 
tersections of great circles, &c., falls little short of 4000, each 
calculation, independently of verification and correction, taking 
irom one to two hours’ time. Few discoveries have required 
more inteuse labour than this.—Galignani. 

An InvucnerasLte Coat.—The last new story is of 
M. Charles Bernard, of Brussels, who is said to have invented, 
made, and worn a coat exceedingly light, yet impenetrable by 
a rifle bullet tired with the ordinary charge at 100 yards. He 
has taken no patent as yet, and even after he had been under 
fire, receiving a bullet against his breast, he tossed it back to the 
marksman, whom he would not allow to come near him, lest 
he might discover the secret of the wonderful coat! 


AMERICAN PORTABLE ENGINES. 
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WE some time since mentioned that an American maker had 
it in contemplation to send portable engines to England. The 
advertisement of one American maker now appears on our outer 
sheet, but we presume this is rather with reference to sales in 
foreign countries and in the colonies than in England. An 
American maker of portable engines, some time since, wrote to us 
as follows: 

“When I was in England, in the autumn of 1863, I visited 
the Smithfield Club Show, and carefully examined the portable 
engines there exhibited. I also saw many engines of this class 
at work, one driving temporarily the works of the Blakeley 
Ordnance Company, and I was everywhere struck with the low 
—— and moderate velocity employed, and the consequent 

igh cost and great weight in comparison with the useful effect. 

“Tt was obvious that my engines, worked as we work them, 
would be little more than half as costly as the engines I saw at 
Smithfield, for a given effective power. 

‘* My scale of prices, in the enclosed circular, affected as it is 
by taxes, duties, depreciation of currency, and a certain margin 
for unforeseen fluctuations (since it is easier to make a discount 
to a purchaser than to obtain an advance from him), would yet, 
if reduced to sterling money, at the rate of seven dollars to the 
pound, compare favourably with English price lists, per horse 

wer, 

We have given an elevation. of one of the American portables 
without its wheels, and also without its lagging, in order to show 
the rivetting. The differences from the English standard are 
chiefly in the proportions and in the pump and feed-water details. 
The engine rated as eight horse weighs 4500 lb., or, say, 2 tons, 
and is worked at from 60 1b. to 1201b. pressure, the boiler 
being tested to2001b. It has a7 in. single cylinder, 10 in. stroke, 
and is rated to work at 175 revolutions per minute, but the actual 
speed is, in use, more generally from 200 to 250 revolutions. 
The fly-wheel is 3 ft. 6 in. only in diameter; it has a 9 in. face, 
and weighs 44cwt. The firebox is 3 ft. long inside, 1 ft. 10 in, 
wide, and 2 ft. 4 in. high, the proportions being udapted to wood 
fuel. The barrel of the boiler is 2 ft. 2 in. in diameter, and con- 
tains twenty-nine tubes, 2} in. in diameter and 4ft. long. The 
heating surface is 100 square feet, the firegrate area being 5} 
square feet. The work of these engines is very various. One 
of the size mentioned has driven a 42 in. circular saw, sawing 
2000 ft. superficial per day of ten hours of hard oak * deals,” if 
we may apply that term to oak. Another has driven a centri- 
fugal pump with a 10 in. belt, an inch wider than the engine 
wheel, raising 2000 American or 1666 imperial gallons of water 
16 ft. per minute, the theoretical work, irrespective of all losses, 
being equal to the full nominal horse power of the engine. 

The price of these engines is 1100 dollars, equal, at seven 
dollars to the pouud, to 157/, exclusive, however, of the wheel 
carriage, which is quite separate, and made to serve as a wagon 
when not in use tor the engine. ‘This costs from 125 to 225 
dollars, or from 182. to 320. 

Another engine which we should rate as an 8 horse counts as a 
15 horse. It tas a Yin. cylinder, i2 in. stroke, and is set 
down to work at 175 revolutions, but generally goes faster. It 
weighs 6500 |b., or very nearly 3 tons. it has a firebox 34 ft. 
long, 2ft. 1 in. wide, and 2 ft. 9in. high inside, and a 2 ft. 5 in. 
boiler, with 41 tubes, 2} in. in diameter and 5ft. long. The 
heating surface is 161 square feet, the grate area 7.6 square 
feet. it has two flywheels, respectively 3 ft. 6 in. and 4 ft. in 
diameter, each 12in. wide on the face, the pair weighing 9 cwt. 
161b. The American price of this engine is i700 dollars cur- 
rency, equal, say, to 243/. in gold; the wheel carriage costing, 
say, 20/. or so extra. The boiler of the 8-horse portable is 
made of eight plates ouly, almost the smallest possible number 
where the seams are rivetted. ‘The shell, firebox, &c., is of } in. 











American iron, the tubeplates being $in. thick. Our readers 
may bear in mind that these are the thickness adopted in the 
States for railway locomotive boilers of good size, and the 
maker of these engines was himself for some years a leading 
maker of locomotive engines. In the 8-horse engine the crown- 
bars or roof stays are of 4in. by 4in. T-iron, and the stay-bolts, 
of 3aths iron, are pitched 4}in. apart centres. The boiler is 
indented for a few inches under the crank-shaft, to keep the centre 
line of the engine as low down as possible. The steam is taken to 
the cylinder from a perforated or slotted (Hawthorn) pipe, run- 
ning nearly the whole length of the boiler, and the exhaust steam, 
instead of returning in a pipe through the boiler, passes through 
a feed-water heater outside. The pumps have air-vessels on 
both their suction and forcing sides, and thus draw well at 250 
revolutions per minute. 








Tue ATLANTIC TELEGRAPH.—Mr. Latimer Clark, as the 
engineer to the Anglo-American Telegraph Company, has made 
a brief report upon the cable, on its being taken over from the 
Telegraph Construction and Maintenance Company. In his 
report he says:—“ The cable is in a most satisfactory electrical 
condition, and with the apparatus now used gives fully six words 
per minute. With improved apparatus it will give much more, 
and by the use of codes I expect fully thrice that speed will be 
obtained. ‘The present signals are strong and excellent. Before 
leaving Sheerness the insulation of the cable was 713 million 
Siemens units per knot. This steadily increased as the cable 
was paid out, and is now as high as 2300 million units per knot. 
This increase is due partly to temperature and partly to pres- 
sure.” 

TELEGRAPHS AND THE SNow.—The report of the directors 
of the Electric and International Company states that the snow 
and gale of mee 11th last broke down and interrupted 450 
miles of line, which was not completely restored uutil February 
19th. The cost of restoration was 10,9162 

Tue Exvecrric AND INTERNATIONAL TELEGRAPH Com- 
PANY.—By the report of the directors, it appears that the in- 
come for the half-year ending with June was 163,748/., against 
145,736/. for the corresponding period of 1865. The dividend 
is at the rate of ten percent. During the past two or three 
months th2 Continental messages’ receipts were 1500/. less than 
those of the preceding half-year, while the messages to India 
had entirely ceased owing to the delays which took place in their 
transmission. ‘The company’s wires were in connexion with the 
wires of the Atlantic Telegraph cable at Valeutia, ‘The business 
which had been formerly taken vid Crookhaven and Roches 
Point would now be taken vid Valentia. 

Tue Royat Scuoot or Nava Arcuitecrure.—The 
Lords Commissioners of the Admiralty have issued a notice 
stating that candidates for admission to the Royal School of 
Naval Architecture and Marine Engineering, for the present 
year, must be not less than eighteen years of age, and must have 
served at least two years in private shipbuilding or engineering 
establishments, or must give satisfactory proof that they have 
in some way been so connected with shipbuilding or engineering 
operations as to become well’ grounded in the elementary 
principles and practice. The number of pupils to be selected 
this year is one shipwright and one engineer, and these will be 
chosen by competitive examination. 

Lonpon Water.—Lord Shaftesbury has given notice that 
he will, early in next session, move for a commission to inquire 
into the whole subject of the water supply of the metropolis. 

Tue Paper ‘rape anp CuoLera—The demand for 
chloride of lime at the present time has sent up the price of 
“ bleach ” to 151. and 16/. per ton. 
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THE WORKS AT CHATHAM. 


Tue important dockyard extension works at Chatham 
are now being carried on with great energy under the 
superintendence of Major Clarke, General Director of Admiralty 
Works; Major Pasley, Superintendent of Admiralty Engineer- 
ing Works at Chatham; and Mr. Bernays, Resident Engineer 
and Superintendent. Hitherto the principal work there has been 
the reclamation from the sea of nearly the whole area of the 
flat- tidal marshes known as St. Mary’s Island, covering an ex- 
tent of about 300 acres, together with such parts of the creeks 
at Gillingham as are required to form the site of the three 
large basins intended to be constructed. Upwards of 2000 ft. 
of massive sea-wall across the western end of Gillingham 
Creek has been finished, a length of 3000 ft. on the north side 
of the islatid has been embanked and reclaimed from the sea, 
while two thassive embankments formed of earth and clay, 
strengthened by piling, have been thrown across the creek to 
the eastwatd, beween the séa-wall and the present dockyard. 
The effects of these undertakings, which have been steadily car- 
ried on diting several years, have been to lay dry weet of 
200 aeres of hitherto waste and unproductive land, and here it 
is intended to form the site of the basins, docks, factories, and 
other establishments for the construction and repair of ironclad 
shi posed to be built. The works have now arrived at 
that state that the Admiralty have wisely determined on having 
the remainder executed by contract, and a number of the lead- 
ing contractors have already beeri invited to tender for the exe- 
cution of the works. These, as at present contemplated, in- 
elude1, the repairing basin, with an area of 22 acres; 2, the 
factory basin, covering a space of 20 acres; 3, two graving 
docks, each 500 ft. in length, adapted for the reception of the 
largest class of ironclad ships; and 4, the engine-house and 
machinery, together with the other arrangements for pumpin 
the water into and from the docks when required. Each o} 
the above works will form a separate tender, and, from the terms 
insisted upon by the Admiralty, the contractors intrusted with 
the execution of the works will be required, under heavy 
penalties, to complete the repairing basin, the two docks, and 
the engine-house in three years, and the factory basin with- 
in four years from the date of the tender being accepted. 
The whole of the bricks required to be used in the works will 
be supplied by the Admiralty, who will also furnish the con- 
tractors with the cement and Portland stone, the bricks being 
made and the stone dtessed by the convicts on the works. 
Already a large brickfield, covering an area of 16 acres, has 
been formed on one portion of the island, where several millions 
of bricks have been manufactured by the convicts, two brick- 
making machines being employed for the purpose, which together 
turn out 80,000 bricks in eight hours. The fitting-out basin, 
the largest of the three new basins intended to be formed, will 
have an area of about 38 acres. ‘The sea-wall which will form 
the embankment for this basin is now in course of construction. 
Among the works already executed is a portion of the massive 
work of the repairing basin, a length of abdut 600 ft. of which 
has been completed, principally by means of convict labour, 
chiefly for the purpose of showing the contractors a specimen of 
the work to be done, and at the same time to ascertain, by actual 
trial prior to the contracts being decided upon, how the diffi- 
culties in the way of getting in the foundations in a very 
treacherous soil could be overcome. The foundation walls of the 
buildings which are to be used for the manufacture and repair 
of steam machinery have been completed by the convicts, the 
buildings themselves forming a quadrangle, and covering an 
area of some 14 acres, about half of which will be occupied in 
the first instance. The desirability of having a second contract 
for the execution of this portion of the undertaking, in order 
that the buildings may be completed and ready for use jointly 
with the completion of the first two basins and the two docks, 
oas been under consideration. With the view of forwarding as 
much as possible those parts of the works at Chatham intended 
to be executed by convict labour, the prison at St. Mary's is now 
being enlarged to enable it to contain 1500 prisoners, At present 

about 900 convicts are employed, but in a few months about 


onl 
1400 hands, in addition to the contractors’ workmen, will be | 


engaged on the dockyard extension works. 


Tue Inpran Maits.—The average number of boxes of 
wood or iron forwarded through France to the East on the 26th 
of each month is now 825, their gross weight being 9 tons 
lé4cwt. 2 qrs. 21 1b., and their gross cubic contents 1178 cubic 
feet 


Rio pe JANnerro—The City Improvements Compan 
(limited) now deodorise 11,019 houses in the Brazilian capital, 
and draw an annual revenue of 6¢. 5s. from each house. 

British Nortu American Trape.—The British North 
American Commissioners who visited the West Indies and other 

rts, in their report, which has been laid before the Canadian 
Parliament, suggest the establishment of a line of steamers 
between Montreal and Halifax, and between Halifax and the 
West Indies, until the completion of the intercolonial railroad at 
Portland. 

Beveian Iron.—Messrs. Firmin and Wyatt write to the 
editor of the Middlesboro’ News as follows: ‘ Sir,—The notice 
of our circular relating to the importation of Belgian and other 
iron, in your last impression, induces us to mention a few facts 
which may be of interest both to men and masters in the pre- 
sent labour dispute. Commun bar iron can be imported into 
Middlesboro’ from Belgium, and sold by the merchants with a 
pee at about the same price as was demanded by the 

liddlesboro’ manufacturers prior to the closing of the ‘mills. 
Iron for cables, guaranteed to Admiralty test, can be delivered 
from Wales to Sunderland and Newcastle considerably under &/. 
per ton. - Rails are selling in Wales at 62 perton. With such 
prices the masters might well hesitate to open their works, Let 
the men take the halt loaf offered, or the alternative of no loaf 
at all may be presented tothem. Our opinion may be taken as 
disinterested. We suffer no loss by the stoppage of the Northern 
ironworks, rather a gain, as a new source of profit is opened to 
us. We have no interest in any ironworks, but as merchants 
established at Middlesboro’ desire the prosperity of the district in 
which we are settled, and not to give vitality to the iron- 
making centres to the detriment of the Cleveland iron trade.” 


THE PATENT COMMISSIONERS’ REPORT. 


Tue report of the Commissioners of Patents for the year 1865 
has just been published, and contains many details relating to 
the working of the Patent Office during the past year. It ap- 
pears that during 1865 there were 3386° applications for 

tents, and that the number of patents granted was 2186. 

he number of specifications filed in pursuanhee thereof was 
2159; the number of applications lapsed or forfeited, the appli- 
cants having neglected to proceed for their patents within the 
six months of protection, was 1200; the numbet of patents 
void, the patentees having neglected to file specifications in 


pursuance thereof, was 27. Of the patents actially sealed, 
about 70 per cent, became void at the end of the th ped by 
non-payment of the 50/. stamp duty then an 


yable, about 
90 per cent. of the remainder became void at the end of the 
seventh year by non-payment of the 100/. stamp duty then pay- 
able to secure the patent for a second term of seven years. 
The receipts of the Patent Office, in the year 1865, amounted 
to 115,3402. The fees to the Attorney-General and Solicitor- 
General and their clerks absorbed 10,1187; compensations, 
4454/1.; the general expenditure, 32,154/. Aftef further de- 
ducting what are regarded as “ revenue stamp duties,” there 
remained 47,3241. surplus income for the year. It is not con- 
sidered that the fees are too heavy; a material reduction would 
tend to increase the number of useless and speculative patents, 
often taken merely for advertising purposes: But the offices 
and the establishment having become quite inadequate for the 
work to be done, it is represented that the surplus income of the 
department, now applied in increasing the public revenue, 
should be appropriated to the erection of suitable patent offices, 
library and museum, the latter to serve as a historical and 
educational institution for the benefit and instruction of skilled 
workmen; and the Commissioners of Patents annex to their 
report this year a plan for the appropriation to this purpose of 
F ite House and — in Whitehall, abutting on the Thames 
Embankment: The reports ihade by Messrs. Greetiwood and 
Hindinareh last year propa also that the offices of Clerk of 
the Patents and Clerk of the Commissioners be abolished, and 
that the Chief Clerk should be a person of skill, who could at 
once give to the law officer the information necessary to enable 
him to determine whether a provisional specification sufficiently 
describes the nature of the invention, and whether it is one for 
which a patent ought to be granted—a course by which many 
grants of patents for frivolous inventions would be prevented, and 
and more definite information would be obtained respecting the 
nature of inventions sought tobe patented. The Commissioners 
report that the preparation and publication of classified ab- 
stracts for abridgments of the specifications from the earliest 
period to the present time continues; and copies of tliese (each 
set of the Patent Office publications, including upwards of 2000 
volumes) have been presented to the authorities of every 
important town in the kingdom, on coudition of their being daily 
accessible to the public free of charge. It is estimated that 
above 80,000 more abridgments have to be made to complete 
the work to the present time. Messrs. Greenwood and Hind- 
march suggest that in future the specifications should be 
abridged us they come into the office, An alphabetical index to 
French patents has been made in the, English language, and a 
general index to the scientitic pi in the library, and it is 
suggested that these, if printed, would be found of great value 
to the public. 








NOTES ON STEAM VESSELS. 

One of the largest ferry boats in America is in use on the 
Jersey City ferry. It is 210 ft. long, 334 ft. beam (the main 
deck, extended upon “ guards” to the outsides of the paddle- 
boxes, being about 50 ft. wide), and the engine has a single 
cylinder 45 in. in diameter, the stroke of piston being 11 ft. The 
boat accommodates thirty teams and 2000 passengers. The 
cabins (on deck) are warmed by steam pipes and lighted with 
gus made on board. 

A single steam collier has made fifty voyages from the North 
to London in the course of ten months, and has brought in that 
time 80,000 tons of coal. A sailing collier, carrying 300 to 400 
tons, 
ing and unloading. 

As an instance of the shallow draught of some of the Ameri- 
can river boats, we may mention that in July 1860, Mr. Charles 
W. Copeland, a well-known naval constructor and steamship 
broker in New York, advertised for sale a boat 103 ft. long, 
16 ft. beam, 4 ft. hold, having two high-pressure engines and 
locomotive boiler, and drawing only 21 in. of water when ready 
for passengers. ‘The same gentleman has stated that many of 
the Western river boats draw but 12 in. loaded, and that he 
once journeyed on a stern wheel boat, 110 ft. long, on the 
Monongabela river, when, with all the passengers on board, the 
draught was but 14 in. 

The new Government troop steamer for the Lower Indus has 
a tonnage of 3911 by “old measurement,” whereas the actual 
displacement at 2 ft. draught is but 739 tons. 

n the year 1855 there were nine American and four British 
steam vessels running between New York and Europe. In 
1859, there were five American and forty-one British and Con- 
tinental steamers in the same service. In 1855, 11,117 passen- 
gers arrived at New York by steam vessels. In 1859, the num- 
ber had increased to 36,154. The average number of pas- 
sengers per trip of steam vessels in 1855 was 253, and, in 
1859, 333. 

Sir Edward Belcher proposed, many years ago, to make the 
lower decks of ships air-tight, and, in case of springing a leak 
or of knocking a hole in the bottom, to pump in air, thereby ex- 
pelling the water, just as, in a gasometer, it is kept out by the 
pressure of the contained gas. 

A square-ended vessel, moving at a rate of 8ft. per second 
througu the water, would sustain a head resistance equal to 
62} lb. for every square foot of the plane surface of the end or 
bow. At 32 ft. per second, equal to nearly twenty knots an 
hour, the resistance would be 1008 lb. per square foot, 

Two high-pressure steamboats, the Cygnet and Swallow, 
were tried on the Thames in 1837. The results were unsatis- 
factory. The Cricket, another high-pressure boat, built in 








In the winter of 1814-15, the A 
called the Thames, made the run from Glasgow to London, 
arriving in the Thames in January, 1815. The of 758 
miles was made in 5 days 2 hours, with severe weather and 
heavy seas, The Thames was 79 ft. keel, 16 ft. beam, and had 
a 14-horse engine with 9 ft. paddle-wheels. 

A ship having 640 square feet of immersed mid-section, and 
moving at the rate of 10 knots a hour, has to displace and move 
out of its way 270 tons of water per second, 

The Prince of Wales steam vessel, belonging to the General 
Screw Navigation Company, made the run, om one occasion, 
from Margate to London, 84 miles, in 4 hours 2 minutes, or at 
the rate of 20.8 miles an hour. 

A 600-ton wooden ship, after being three years afloat, will 
absorb by soakage from forty to sixty tons of water, increasing 
the draught from 6 in. to 9 in., thereby increasing the positive 
resistance and reducing the speed. 

The Rainbow iron steam-vessel, belonging to the General 
Steam Navigation Company, was built by Mr. Laird in 1837, 
and is still a staunch and sea-worthy vessel. 

A jointed steamship, the Connector, made in several sections, 
each being free to turn or to rise and fall independently of the 
other, was for some time running between one of the northern 
ports and London. 

In 1844, two or three steamboats, made for the Woolwich 
Waterman’s Company, were constructed with iron frames and 
wooden planking. 

The screw steamship Bremen has two 90 in. cylinder engines, 
with a stroke of 34 ft. ‘The vessel is 318 ft. long between per- 
pendiculars, 40 ft. beam, and 26ft. hold. When drawing 
18 ft. 6G in. of water, at which her displacement was 3440 tons, 
this vessel made 13.15 knots in a two hours’ trial in the Forth 
of Clyde. The indicated horse-power on trial was 1624, and the 
consumption of coal 4200 lb. per hour. The Bremen has four 
tubular boilers, each with four furnaces, making sixteen in all, 
with a total grate surface of 373 ft., and total heating surface of 
9968 ft. 

Mr John Edye has calculated that a ship of 120 guns, length 
206 ft., breadth 54 ft. Gin., and depth 23 ft., of 2602 tons burthen, 
will be 5Z in. deeper im river water than in sea water, this being 
owing to the difference of the specifi¢ gravity of fresh and salt 
water. This difference is equal to 148 tons 4cwt., and it 
takes 24 tons to immerse the ship 1 in. deeper. 

The steamboat Caledonia, then owned by James Watt, was 
run by him up the Rhine, as far as Coblentz, in the autumn of 
1817. 


le steamboat, afterwards 


The highest speed attained by any steamboat on the Thames 
up to 1820 was eight miles an hour by the Sons of Commerce, 

The introduction of inferior foreign and mixed ship timber is 
believed to have reduced the “life” of our ships of war from 
thirty to fifteen years. 

The speed made by the Persia, on her first trial in 1856, was 
163 knots. ‘The engines, of 850 nominal horse-power, have 
1004 in. cylinders, 10 ft. stroke, and with 38 ft. 9in. wheels 
made eighteen revolutions a minute on the trial. The draught 
of water was 17 ft. 6 in. forward, and 18 ft. 3 in. aft. 

When Messrs. Caird and Co., of Greenock, first contemplated 
building vessels entirely of steel, the Board of Trade refused to 
sanction the innovation. 

One steam vessel inay be considered to perform the work of 
four sailing craft, each of the sume tonnage. 

The Himalaya, like the Great-Britain, was originally intended 
to have been a paddle steamship. The Himalaya’s engines were 
to have been of 1200 horse-power. 

Many steam ships, built within the last few years, have steam 
pipes, connected with the steam chests of the boilers and laid on 
to various parts of the ship, for the extinction of fire. 

Mr. Bourne, in his work on the screw propeller, published in 
1852, says: “In all vessels the existing modes of construction 
are ill adapted to reconcile lightness wit strength, and both iron 





occupies about thirty days on each voyage, including load- | 


and wooden vessels should be looked upon as a great hollow 

cam, and be made as strong in the deck as in the bottom.” 
Seven years passed before engineers appear to have practically 
adopted Mr. Bourne’s idea. 

‘The steamboat Loch Lomond, a favourite ferry boat on the 
Mersey, and built in 1845, by Messrs. Denny, at Dumbarton, 
was constructed of sin. plates. The boat is 120 ft. long, and 
16 ft. 6in. wide. At that time such plates were of extraordinary 
thinness. 
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CarpirF.—Inquiries for iron are more numerous, and, in 
addition to considerable orders placed last week, 15,000 tons of 
rails have been ordered on Russian and American account. 

Tue CarnrortH WorKks.—Two of the furnaces at the 
Carnforth Hematite Ironworks were last week put into blast 
and the furnaces were first tapped on Saturday, with very good 
results. We gave, in a late number, a drawing of the blast 
engines erected at these important works, and we hope soon 
to publish the particulars of the heating-stoves connected with 
these furnaces ; the blast, we are informed, is heated to above 
1100°. 

Sranpine OrpErRs.—In the House of Commons on Tuesday 
evening, on the motion of Sir S. Northcote, the following 
amendments in the standing orders were agreed to: That in 
standing order No. 32, line 5, the word “ plans” be struck out, 
and the word “copy” substituted; and atthe end of the same 
clause the following words to be added, “‘ and in all such cases 
such plans and sections shall be accompanied by a published 
map or ordnance sheet of the country over which the works are 
proposed to extend, or are to be carried, with their position and 
extent or route accurately laid down thereon.” Standing order 
No. 40, line 6, after the words “ Board of Trade,” the words 
‘“ marked ‘tidal waters’ ” to be inserted. 

Tue River Lea.—lIn answer to a question in the House of 
Commons on Tuesday evening, Mr. Corry said there was no 
reason to suppose that the water of the River Lea was more im< 
pore than that of other rivers from which the supply of water 
or London was derived. From the report of Mr. Rawlinson, the 
eminent engineer, who was appointed by the Privy Council to 
investigate the water at the entrance of the works of the company 
at Enfield, it appeared that it was not exposed to any noxious 
influence, and was discharged into a private cistern. The last 
analyses, he might add, showed that the water was as free from 





1847, burst her boilers, occasioning a loss of life. 











organic matter as that of other companies. 
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CAST IRON, WROUGHT IRON, AND 
WOOD IN COMPRESSION. 


In the hurry and routine of actual work one is 
often apt to practically ignore the important difference 
in the nature of the strain on compression and tension 
members of a structure. This, no doubt, is partly 
owing to the fact that in the ordinary run of work— 
girder bridges, for example—it is unnecessary to en- 
tertain the question, because the requirements of the 
structure generally preclude the possibility of any 
serious error, and in such cases it is quite sufficient to 
know that the relative areas of the parts in tension and 
compression, respectively, should be about as 6 to 1 
for cast iron, 4 to 5 for wrought iron, and 1 to 2 for 
wood. But if we attempt to make an extended appli- 
cation of these proportions to all structures, it is 
absolutely essential that we should thoroughly appre- 
ciate'the fact that proper precautions must be taken 
to ensure the perfect rigidity of all +") under compres- 
sion, because, whilst the strength of a tension bar 
depends upon the area of the cross section alone, the 
strength of a corresponding compression member is, 
since the material is in a state of unstable equilibrium, 
ruled as much by the efficiency of the bracing as by the 
sectional area itself. In many existing arch bridges a 
deficiency of bracing is very noticeable; in such cases 
the absolute strength of the structure will be deter- 
mined by the laws governing the resistance to pressure 
of long columns. 

The determination of the proper strength of a 
column to carry a given load, being one of the earliest 
requirements of constructive art, must at one time or 
another have engaged the attention of every thought- 
ful man engaged in the design or construction of 
works ; it is rather surprising, therefore, that the 
stock of experiments relating to the subject should be 
so limited and unworthy the importance of the in- 
terests involved. This is the more to be regretted, 
because the efforts of so many eminent mathematicians, 
who have devoted time and ability to the elucidation 
of the problem, would not have been so often mis- 
placed from the want of proper experimental data by 
which to test their theories. Conclusions derived 
from theoretical premises only are often morc detri- 
mental than beneficial to the cause they would serve. 
One example will suffice to show the errors to which 
we might be led by the neglect of direct experiment. 
Given the tensional strength of cast iron at 7 tons per 
square inch, and the fraction of length decrease or 
increase for compression or tension — ee equal 
per unit of load, or, in other words, the modulus of 
elasticity the same both for compression and tension, 
it follows that the theoretical breaking weight in the 
centre of a bar 1 in. square and 1 ft. between the 
supports would, since the moment of inertia divided by 
hal the depth of a cross section of 1 in. square equals 
, be the same as that of a girder with an effective 
epth of lin. and a bottom flange of 3 square inch 


Sis oo a , 
area, that is = ig ton, whereas, by experi- 


ment, it is known that the breaking weight of such a bar 
is about 1 ton, an amount 24 times greater than that in- 
dicated by theory. Having evidence of such a discord- 
ance, we must be prepared to find great differences in the 
strengths of columns as given by various authorities, 
knowing that careful experiments under the required 
conditions are to a great extent wanting. 

It is proposed in the present paper to confine our 
remarks to the three materials in most general use, 
namely, cast iron, wrought iron, and wood. It is not 
so simple an experiment to ascertain the fair ultimate 
resistance to compression of either of these materials as 
might be imagined. With a tensional strain there is no 
question when the limit of resistance is reached, since 
it is evidenced by the tearing asunder of the piece, and 
then it follows that the strength of any other piece 
will be simply as its area, assuming of course the pull 
to be fairly applied, that is with the resultant passing 
through the centre of gravity of the cross section. 
But with a crushing strain, not only has the direction 
in which weakness will first evidence itself to be 
determined, which varies greatly with different mate- 
rials, but it cannot even then be assumed that the resist- 
ance will be in proportion to the area, in fact, 
common experience proves to us that, under certain 
conditions, hardly *any limit can be placed to the 
resistance to compression. The heaviest load we 
could bring on a thin plank would merely solidify it by 
reducing the thickness ; indeed, we are told by Mr. 
Edwin Clark that at one time the greater portion of 
the weight of one of the Britannia tubes was borne by 
a short balk 14 in. square, and that although the piece 
ae split in every direction it continued to support its 





It is obvious therefore, that, in order to arrive at the 
fair resistance to crushing of any material, thére is a 
certain limit in the relation of the least side to the 
height of the specimen experimented upon, which must 
not be exceeded. Mr. Medshiness considered that 
for cast iron the height of the specimen should not be 
less than 14 times its base; and for the following 
reasons. Finding, by experiment, that fracture usually 
took place in an oblique direction, he concluded that 
the resistance must be partly due to shearing, and 
partly to the frictional resistance of the two wedges 
into which the material was generally split. Now, if 
the height of the specimen were too small to admit of 
the free sliding upon one another of these two wedges, 
there would be an undue resistance recorded, due to 
the friction between the ends of the specimen and the 
surfaces against which it was crushed. If the re- 
sistance had been wholly shearing, the line of fracture 
would, of course, have followed the line of least re- 
sistance, that is, an angle of 45° with the axis of the 

illar ; the effect of the frictional resistance is to re- 
ese that angle, by experiment it appears to be from 
32° to 42°; so that a height of 1} times the base is 
necessary to admit of the free sliding of the wedges. 
Adopting, therefore, that necessary precaution in his 
experiments, Mr. Hodgkinson found the ultimate re- 
sistance to crushing of cast iron to vary from 38 to 68 
tons per square inch; and he considered that the fair 
average resistance of good iron might be taken at 
49 tons. This latter amount does not differ materially 
from that generally adopted at the present time in most 
countries. ‘Till recently a higher ultimate resistance, 
10,000 kilos. per centimetre square, about 64 tons per 
square inch, was admitted in French practice ; but all 
their later authorities have considered it advisable to 
reduce that amount. Wrought iron, as might have 
been assumed, fails by compression in an entirely 
different manner to cast iron. Within the limits of 
elasticity its resistance is easily ascertained, and is 
found to exceed that of cast iron. It is extremely 
difficult, however, to determine its ultimate re- 
sistance with any precision. Unless the specimen 
be of sufficient length to fail by crippling, an indefinite 
amount of bulging out may be the only immediate 
indication of an excess of load on tough iron. The 
natural consequence of this is, that little uniformity is 
to be found in the practice of different countries, and 
much caution is observable in the application of the 
results of experiments to practice. Thus, in this 
country, with the exception of a very few engineers 
who consider the resistance to compression and exten- 
sion to be about equal, from 16 to 18 tons per square 
inch is taken as the ultimate resistance to crushing of 
wrought iron, although this is much below the average 
of recorded experiments, which occasionally show re- 
sults as high as 29 tons. It must be observed, how- 
ever, that the results of experiments on cells do not 
justify the adoption of a higher resistance than that 
usually taken. According to M. Claudel, a resistance 
of about 25 tons per square inch—6 tons below that 
given by Rondelet—would appear to be that usually 
taken in French practice ; whilst Dr. Ritter of Han- 
over adopts 19 tons, 6 tons below that given by Weis- 
bach; and Mr. G. L. Vose cites 21 tons as the usual 
practice in the United States. 

We might fairly expect to find great discrepancies 
in the results of different experiments on the strength 
of wood conducted inhieentenite of each other, since 
moisture, by reducing the lateral adhesion of the fibres, 
facilitates the process of failure by splitting, the ulti- 
mate resistance will depend as much upon the degree 
of seasoning to which the specimen has been subjected, 
as upon the nature of the material itself. It is, how- 
ever, difficult to understand how the crushing strength 
of oak, elm, and other hard woods, could ever have 
been given by the same experimentalist at a less amount 
than that of such a soft material as pine. This has been 
done by Rondelet, Rennie, and other good authorities, 
but it certainly could never have been generally ac- 
cepted by practical men, accustomed to the use of hard 
wood wedges and packing. According to Rondelet, 
the resistance of wood to crushing varies between the 
limits of 45 to 54 ewt. per square inch for oak, and 
54 to 62 for pine. Tredgold took 36 ewt. for both 
materials. Rennie states the strength of pine-to be 
14 ewt., and of elm the absurdly small amount of 114 
ewt. per square inch. Later experiments by Hodg- 
kinson and others place elm at the top of the list with 
a resistance of 92 cwt., English oak at 2 ewt. per 
square inch less, and American oak at the same average 
strength as pine—about 54 ewt. The strength of 
American oak, however, according to their own ex- 
periments, averages 67 cwt., and of elm, 71 ewt. per 
square inch. 

Having thus briefly reviewed the results of experiments 


on the ultimate resistance to crushing of short pieces 
of cast iron, wrought iron, and wood, it is necessary 
now to consider the influence of length in diminishing 
that resisting power. It —— somewhat anomalous 
at first that a compressive force acting along the axis 
of a column should produce a tension sufficient, if the 
material be cast iron, and the length exceeds a certain 
ratio of the diameter, to cause the failure of the 
column, Assuming the column to be bent laterally to 
|a given extent, the force, applied at the ends, necessary 
to keep it in that condition is easily determined, but 
the converse process, namely, to determine the force 
which would just begin to bend the column, is much 
involved. It has been investigated, however, by Dr. 
Young, M. Girard, and many others, but with contra- 
dictory results, and a complete theory is yet wanting. 
The formule for the strength of columns given by 
various authorities are based upon the results of ex- 
periments, sometimes direct, but often indirect. Re- 
sults arrived at by the latter process must be taken 
with much reservation, as we have already illustrated 
by the instance of the transverse strength of a cast-iron 
bar, and that the same caution must be observed with 
other materials is shown by the results of Mr. Fairbairn’s 
experiments on wrought T iron, when the actual strength 
‘nape to be about 14 times the theoretical. As might 
e expected, therefore, it is sometimes quite impossible 
to detect a single point of resemblance between the 
various formule to be met with, many of which give 
results calculated to mislead seriously. According to 
Mr. G. L. Vose, the working strength of cast-iron 
columns 10 in. diameter, and 10 ft. or 20 ft. long, as 
given by six different authorities, is as follows :— 


20 ft. long 4,000,000 181,100 370,000 940,000 07,242 300,000 Ib, 
10 ft. 4, 8,007,500 204,500 1,442,500 8,640,000 1,170,000 600,000 
Comparing these results, a difference will be found 
both in the influence of length and in the amount. 

In investigations on this subject, it is very generally 
stated, that if the length exceeds a certain ratio of the 
diameter, the column will bend and fail by breaking 
across at the centre, the point of greatest stress, in 
precisely the same manner as it would under a lateral 
strain. Assuming this to be so, since the moment of 
the force eee | to rupture the column is as the load 
on it multiplied by the deflection, the strength will be 


inversely as the stiffness; that is as - But the actual 


strain on a long column is not wholly of a transverse 
nature, since there is an initial compression due to the 
insistent*load uniformly distributed over the cross 
section, and this consideration is of sufficient import- 
ance to modify the above conclusions, slightly in slen- 
der columns, but very materially in columns of the 
proportions usually found in practice. Mr. Hodgkin- 
son, from the results of his very complete series of ex- 
periments on the strength of long cast-iron columns, 
was led to the conclusion that the influence of the 
uniform compression on columns of that material was 
imperceptible if the length exceeded 35 diameters, but 
that below that ratio it was essential that it should be 
included in the calculation. He considered the results 
of his experiments to be correctly represented by the 
following well-known formule. For columns above 
35 diameters, breaking weight in tons, B.W =44.16, 


a (@) being the diameter in inches, and (/) the length 


Z 
in feet. For columns below that ratio, B’W’=PW *C 


BW x3C 
C being the ultimate resistance to crushing in tons per 
square inch—about 49 tons. According to these 
formulg, the strength per square inch will not be the 
same for similar columns, an assumed thing in all other 
recognised formule. The strength per square inch 
will be less in a certain degree as the absolute diameter 
of the column is greater. Thus, taking 44 tons= 
880 cwt. for the constant, and 49 tons=980 cwt. as 
the ultimate resistance to crushing, the breaking weight 
in ewt. per square inch of a column, 1 in. diameter of 
a ratio b>, above 35 diameters, will be represented by 
1131217 x 880 ‘76560 





the formula B.W=—aC7eR a = i ’ and of a 
column twelve inches diameter by the formula 
B War aOD , ae Below 35 diameters, the 


‘a gg 7854 pit oo 
reaking weight in cwt. per square inch would be, 
BW x 980 


B.W’ = BW x738° ° that, up to 80 diameters, the 


B.W. per square inch of the lin. and 12 in. column 
respectively, would be as follows : 











Ratio ......... 5 | 10 | 15 | 20 | 25 | 30 85 | 40 |50|60/70|80 

| a ee | ee | | | | | 
lin. diam.,.| 853) 661) 500) 382) 298) 236] 181] 144|99|74/56)44| a 
“2in. diam,,,} 823] 605) 440] 326} 247) 184] 142] 113|77|57|43)|34| b 
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Owing to the practical inconvenience of the above pro- | 
cess of calculation, involving, as it usually does, two 
stages, and the use of logarithms, other formule, 
the principle of which will now be explained, are in 
more general use ; they are more consistent to theory, 
and easier of application. 

We have aol observed that the strain on a 
column may be considered as resulting from two dis- 
tinct forces, one acting along the axis of the column, 
and the other at right angles to it; the strain per unit 
of sectional area from the first varying inversely as the 
area, and from the second inversely as the stiffness of 
the column. Let W be the load on a column, a its 
sectional area in square inches, and /,, the average 
compression per square inch, which will be the same 
at every cross section ; then ¢, =" . Now, suppose 
the column bent laterally to a certain maximum extent, 
8, then the moment of the bending force at any portion 
of the length will be as the deflection at that point ; it 
will, therefore, be a maximum at the centre, where the 
moment M=W68; at that point, therefore, the greatest 
stress will occur, which will be compression or + on 
the concave, and tension or — on the convex side of 


the column ; and the amount of it will be =F Wa, I 


being the moment of inertia of the cross section, and 
n @ coefficient depending upon the form of cross sec- 
tion; when symmetrical, z=} d, d being the diameter. 
Now, since the moment of the bending force increases 
more rapidly than the resistance, if the strain exceeds 
the limits of elasticity, the value of 8 will be the ulti- 
mate deflection of the column within those limits ; 


; 2 
that is, 8= me, m being the fraction representing 


the increment of length within the elastic limits ; that 

is, the ultimate strain within those limits — the mo- 

dulus of elasticity. It follows, therefore, that ¢.= 
2 


L 
a ty and that the final strain, ‘=¢,+¢, will be 


Lim , ‘ 
t=2,( 1+ <I )- Now, for a circular cross section, 
I= w“ and an? therefore, 4 = 16 and ¢=4, 

64 4 1 d? 
(1 + one ). Putting ! =r, then 4,= 
a es 


7 


_# 
1+2mr? 





1 
500" therefore, 4,= 


cast iron, m= 


ae 

400 

Tt must not be forgotten, that although the form of 
the preceding equation is correct, the practical value 
of the specific results given by it will depend upon the 
correctness of the constant 400 which we have arrived 
at by theoretical reasoning from certain assumed data. 
Thus we have assumed the load to be uniformly dis- 
tributed over the ends of the column; bat whether 
this condition really obtains in practice can only be 
determined by experiment. ith square - ended 
columns, supposing the ends incapable of lateral move- 
ment upon which the whole virtue of the square ends 
depends, it is quite possible that the beneficial effect 
of the fixed ends may just counterbalance the detri- 
mental influence of unequal loading, but it is equally 
possible that it may exceed it, or the reverse, the fact 
can only be determined empirically. It is rather 
curious, | enim that the value of the constant de- 
duced by Professor Gordon from Mr. Hodgkinson’s 
experiments, should be identical with that arrived at 
on the preceding assumptions ; and that the value of 
¢in the formula given by him, should be about the 
average ultimate resistance per square inch, as derived 
from the modulus of rupture, and the direct  re- 
sistance to crushing. Professor Gordon’s formula, 


will be found to give results agree- 


B.W. = - 
1+ 


ing very fairly with those arrived at by the application 
of Mr. Hodgkinson’s formule to a column | in. dia- 
meter. Fora 12in. column the results will be better 


49. 
represented by the formula B. W ee__2 The 


— identity of the results, within the limits of 
0 to 80 diameters, will be evident on comparison of 
the following table of the B. W. in ewt. per square 
inch calculated from these formule with the preceding 
one of the same columns : 


| 5 | 10 | 15 | 20; 25 | 30, 35 | 40 50.6070 
} i 


| 


ceceecsecees 80) 


42) ¢ 





Lin, dia, column | 678 221] 177 


T | thing holds 


The formule in most general use in France differ 
little from the two last given; it has, however, been con- 
sidered advisable, owing to the great, variation in the 
strength of different sorts of iron, to put. the formula 
in such a shape that the ultimate resistance to crush- 
ing of the particular iron proposed to be employed 
might be substituted in the equation. Thus C bemg 
the ultimate resistance, the formula as given by M. 
Claudel for columns from 5 to 120 diameters is 


B.W= Lae a 008377” or for columns from 5 to 30 
, P C / 
diameters, the simple formula B. W = a8 r" Taking 


C = 49 tons, the results given by the formula would 
be as follows : 
Ratio | {101 15 | 20 | 25 | 30 | 35 | 40 | 50 160 
B.W. cwt. ......| 639 548| 444) 350] 276] 2191 176] 1441 100(73155}43) e 
Dr. August Ritter, of Hanover, whose eminent 
scientific attainments and practical experience justly 
constitute him one of the first authorities in Germany, 
has given a constant .00225 for square columns, which 
he obtained by the method of investigation already ex- 
plained; it is therefore also open to the same excep- 
tions. Reducing for a circular cross section and taking 
the ultimate resistance given by Dr. Ritter, that is, 70 
44.4 
I+ .0037 
and the strengths for the ratios before taken as below: 
Ratio 10 | 15 | 20 | 25 | 30 | 35 | 40 | 50 6o|70)80) 


70\80) 








55) 





kilos. per mil., the formula becomes B.W = 


5 











404! 309| 240] 200 152} 104/75/57/44| 7 





eal 826| 683] 530 


It is unnecessary for our purpose to produce other 
formule, although, had we space, the analysis of some 
of them must, from the curious mixture of elements 
introduced, have proved at least amusing if uninstruc- 
tive ; we shall, therefore, now proceed to the considera- 
tion of wrought-iron columns. 

It would be difficult to advance more conclusive 
evidence as to the importance of direct. experiment 
than that afforded by the experiments on long wrought- 
iron columns. We have just found the breaking load 
of a cast-iron column 80 diameters long, to be only 
about 5 per cent. of the ultimate resistance of the 
material; and we shall hereafter find that the same 
od nearly with wood. Now, whether 
we consider the comparative strength, or the compara- 
tive elasticity of wrought iron, it is equally improbable 
that we should have been led to infer, by analogy, 
that the strength of a column of that material, 80 dia- 
meters long, would amount to 20 per cent. of the ulti- 
mate strength; or, proportionally, four times as large 
as that of a cast-iron or wood column of similar ratio. 
A due consideration of the experiments conducted by 
Mr. Robert Mallet on rolled and forged slabs, showing 
the high resistance of wrought iron to compression 
within the elastic limits, and the small change of 
length resulting therefrom, compared with that from 
an equal tensional strain, would undoubtedly prepare 
us to expect a higher. resistance than we otherwise 
should, knowing how intimately the change of length 
under compression influences the strain on longcolumns. 
It was found by Mr. Mallet that the average resistance 
to compression within the elastic limits was 25 and 
22.7 tons per square inch for forged and rolled slabs 
peapestivaly and that the decrement of length caused 
by those compressions was only about ys the increment 
resulting from a tensional strain of equal amount. It 
is, however, unnecessary to theorise when we have the 
valuable series of experiments undertaken for the 
Britannia Bridge, and recorded by Mr. Edwin Clark, 
directly applicable to. our purpose. The resistance to 
compression was ascertained ; of plates varying from a 
length of 10 ft., and a thickness of $ in., or a ratio of 
120 to 1, to a length of 33 in,, and a thickness of 1 in. ; 
and of tubes from a length of 10 ft., and a diameter of 
l}in., or a ratio of 80 to 1, to a length of. 2 ft. 6 in, 
and a diameter of 6in., or a ratio of 5 tol. It was 
found that when the length was sifficient to cause 
failure entirely by flexure, the power of the length, 
varying from 1.6 to 2.4, averaged as the square ; and 
the power of the thickness, varying from 2.7 to 3.3, 
averaged as the cube; it was found also that the resist- 
ance per square inch of tubes was higher than that of 
plates of a corresponding ratio; the whole of the facts, 
so far, agreeing entirely with theory. With square 
tubes, however, the results did not conform in the 
same satisfactory manner, owing to the fact that the 
thickness of the metal, although unimportant theo- 
retically, is practically very influential in determining 
the ultimate resistance per square inch. It was proved 
generally, however, that the ultimate resistance, about 
12 tons per square inch, was obtained when the thick- 


vy the length; and that a prejudicial effect followed 
the decrease of either of these ratios at the cost of a 
corresponding increase of the other. The experiments 
on gas tubes gave higher results, the metal being in a 
better form to resist distortion ; the ultimate resistance 
of short lengths, however, was not so great as that 
obtained with plates, the respective amounts being 
about 184 and 234 tons per square inch; but at the 
high ratios the tubes had an advantage, amounting, 
when the ratio was 80 to 1, to about 50 per cent. The 
general result of all the experiments, reduced for a 
circular cross section, are well represented by the 
18 


formula BW=)4 7; and the following table shows 


2000 

the breaking weight in ewts. per square inch. 

Ratio. 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 50) Go| 70 | 80] 
B.W......| 355, 343] 323| 300] 274) 248, 223; 2001 160) 








128) 104) 85 |g 
Professor Rankine gives the formula B.W= 


36000 


i+ 72 for the breaking load of a wrought-iron 


36000 ¢? 
column in Ibs. For a circular cross section c?= — 
36000 
the formula, therefore, becomes B.W= p+ Pro- 
149950 
16 
fessor Gordon’s formula is B.W=— 52 for the 
1+3000 


breaking weight in tons. An application of these re- 
spective formule gives the breaking weight in ewts. 
per square inch at the following amounts : 
Ratio ...) 5 | 10 | 15 | 20 | 25 | 80 | 35 | 40 | 50 | 60 | 70 | 80 
| — | ee ined Nasa i 
208) 188 152 a ” 83) h 


Gordon | 317) 310, 297] 282] 265) 255, 227) 208) 175] 145| 122| 102) ¢ 

The theoretical strength of wrought-iron columns 
has been investigated by Dr. Ritter; but, as might 
have been predicted, on consideration of Mr. Mallet’s 
experiments on the elastic resistance to compression, 
his resuits show a very considerable under-estimate of 
the actual strength proved to exist by direct experi- 
ment. The constant .001125 arrived at by Dr. Ritter, 
is just $ that given by him for cast-iron columns, 
whereas the formule we have given, which are deduced 
from experiment, show the real value of the constant 
for wrought iron to be certainly not more than } that 
obtained with cast-iron columns. Taking an ultimate 
resistance of 30 kilos. per mil. as given 4 Dr. Ritter, 
and reducing for a round column, his formula is 








Rankine] 318) 308) 292! 273] 252| 299 
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BW=77 015” and the results of the application 


of it are as follows: 


Ratio | 5 | 10 | 15 | 20 ST aed aee 





ears: | 366 | 330 | 283 | 237 | 196] 161] 134/111] 80 | 59} 45 | 35 17 

The formule given by M. Claudel are similar to 
those we have already quoted from him for cast-iron 
columns. The constant for wrought iron is 3 that 
given for cast, but a higher ultimate resistance—8000 
kilos. per cent.—is taken than in either of the other 
formule we have given. For columns from 10 to 180 


ma 4 : 25.4 
d ters his f wv =—_———_—_— 
lameters his formula is B.W L665 x 000572" or from 


5 to 30 diameters the si = 
iameters the simpler one B.W 85x04. 


The following table shows the breaking weight in ewts. 
per square inch : 
Ratio...) 5 Meal Rad Led Dad bd a Bd Sd 
ro | 325 | 317 | 300| 290 | 272! 254 | 235 | 216| 181| 151] 127 | 107 
(Zo be continued.) 
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_Sream Rotiers ror Macapamisep Roaps.—We men- 
tioned about three weeks ago that a heavy roller, drawn by a 
traction engine, was about to be employed in rolling the new 
roads in Mr. Hanbury’s park at Belvi ere. This engine and 
roller has now been set to work with good results; but Messrs. 
Aveling and Porter, wi made the engine which has been em- 
ployed at Belvidere, are about to effect an improvement in the 
system by making the engine itself act as the roller. In order 
to do this, the hind or driving wheels are to be each made 3 ft. 
broad instead of 18 in. as at present, and two short rollers will 
thus be obtained which will accommodate themselves to the 
curved shape of the road better than the long roller now used. 
The load on the a of wheels will be over 12 tons, so that there. 
is no doubt but that they will prove very effective. 
Warrixe.—It is stated on good authority that a large 
quantity of the whiting manufactured at the chalk quarries, on 
the banks of the Thames, is exported to America to be retu 
mixed with flour. In confirmation of this, it may be mentioned 
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ness of the metal was about sb the side, and the side 


that, if taken in very small quantities, the taste of whiting is un- 
distinguishable from that oft flour. ; 
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SIEMENS’ REGENERATIVE GAS FURNACE. 


Ir is now about ten years since, in 1856, Mr. Frederick 
Siemens suggested the employment of “ regenerators” in con- 
nexion with furnaces, and thus originated what has proved to be 
the most effective and economical method of producing a high 
temperature as yet brought forward. Since the date above 
mentioned the system has been worked out conjointly by Mr. F. 
Siemens and his brother Mr. C. William Siemens, and their 
furnaces have now been set to work at a very large number of 
works both in this country and on the Continent, special arrange- 
ments being introduced to suit them to various manufactures. 
The regenerative furnaces have been most extensively employed, 
however, at glass works, and as heating and melting furnaces 
for iron and steel, and it is of one of the furnaces of the latter 
class that we now give engravings on page 110. Our illustra- 
tions, which have been prepared from drawings kindly furnished 
by Mr. C. W. Siemens, represent sections of one of a pair of 
furnaces for heating blooms erected at the works of the Mersey 
Steel and Iron Company, Fig. 1 being a longitudinal section, 
Fig. 2 details of the reversing valves, Fig. 3 a transverse section, 
and Fig. 4 a sectional plan. 

As now made, the regenerative gas furnace consists of two 
distinct parts, the producer, in which the gas for working furnace 
‘js ‘formed, and the furnace proper, including the regenerators. At 
“the Mersey Works the gas for the supply of the furnaces shown in 
our illustration, as well as for some others used in connexion with 
the Bessemer process, is formed in four large producers situated in 
a tunnel excavated out of the red sand-stone, this arrangement 
being adopted in this special instance on account of its economis- 
ing room and allowing the fuel to be conveyed to the producers 
with greater facility. The arrangement of producer ordinarily 
employed is, however, that shown in Fig. 5. This, it will be 
seen, consists of an inclined plane, B, with a firegrate, C, at its 
lower end, thé fuet being supplied by the opening, A, at the top 
of the producer. Other openings are also provided at F and @ 

allow of the introduction of an ‘iron bar for breaking up the 
thats of fuel and detaching clinkers, the opening under the lower 
Step of the grate, C, being made. larger than the others in order 
‘to enable the clinkers to be withdrawn. Water is supplied to the 
‘foot of the grate by tneans of the pipe, E, and the gas is taken 
off through the opening, H, regulated by the damper, D, and 
ted by the pipe or fine, J, to the furnace. 

The manner in which this producer works is as follows: he 
‘fuel supplied at the upper end of the inclined plane descends 
slowly, and, being heated by the combustion going on at the 
firegrate, parts with its volatile constituents, such as the hydro- 
‘carbon gases, ammonia, water, and a portion of its carbonic acid. 
The 60 or 70 per cent. of purely carbonaceous matter which 
remains then descends to the grate, C, when, coming in contact 
with ‘the slowly-entering current of air, regular combustion 
‘ensties. This takes place immediately upon the grate, but the 
‘earbonic acid thus produced ‘having to pass through a layer of 
4fitandescent fuel from two to three’ feet in thickness, takes up 
another equivalent of carbon, and is converted into carbonic 
‘Oxide, an inflammable gas, which passes off with the other com- 
*bustible gases to the furnaces. Taking atmospheric air to be 
" of one part, by volume, of oxygen cauiibined with four 
batts of nitrogen, the production, in the manner which we have 
list‘ described, of one cubic foot of carbonic oxide requires the 
passage through the grate of two cubic feet of nitrogen, and this 
,hitrogen, being incombustible, tends greatly to diminish the 
richness or heating power of the gas. Part of the carbonaceous 
‘matter is, however, volatilised in a more advantageous manner 
through theaction of the water supplied by the pipe E. This 
water is evaporated by the spare heat of the fire, and the steam 
thus produced, passing up through the incandescent fuel, is de- 
composed into its component gases, hydrogen and oxygen, the 
latter, combining with the ¢arbon, forming carbonic oxide with 
a small admixture of carbonic acid. In this manner each cubic 
foot of steam is transformed into & mixture consisting of one 
cubic foot of hydrogen, a nearly equal bulk of ‘carbonic oxide, 
and a Small variable quantity of carbonic acid, and it thus yields 
as much inflammable gas as five cubic feet of air; the production 
of the water gases is, however, attended with the absorption of 
heat, and it therefore could not take place but for the heat 
generated by the passage of air through the grate. The quantity 
of water evaporated depends, of course, upon the amount of heat 
in the fire, and it is therefore self-regulating ; and as the pro- 
duction of the combustible gases depends upon the amount of 
air admitied, and the admission of air in its turn depends upon 
the withdrawal of the gases from the producer, it follows that 
the production of the combustible gases is entirely controlled by 
the demand for them. In fact, the production of the gas may 
be entirely stopped for some hours, when it will commence again 
as soon as the communication with the furnace is reopened, the 
mass of brickwork and fuel retaining sufficient heat to keep up 
a dull red heat during the interval. It is, however, advisable 
to keep up a constant demand from the producers, as the gas is 
then obtained of a more regular quality ; where several furnaces 
are supplied by one set of producers, this can readily be done. 

The gas obtained from the producers consists of a mixture of 
olefiant gas, marsh gas, hydrogen, carbonic oxide, water and 
ammoniacal, compounds, tar vapour, and some sulphuretted 
hydrogen and bisulphuret of carbon. Numerous analyses of 
this mixture have been made, and the average constituents of 
100 parts have been found to be as follows: 
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Nitrogen... sab eee eee ee 61.5 
Carbonic oxide ... _ see 206 23.7 
TAFGIOGMR . ace een ae, he 8.0 
Carbonic acid... ose ove ove 4.1 
Carburetted hydrogen dew coe wo = 
Oxygen ... eee coe - 0.4 

99.9 


The specific gravity of the mixture averages 0.78 (that of air 
being 1), and, according to calculation, each ton of coal produces 
64,000 cubic feet of gas. This volume would be increased about 
six times by merely heating the gases to.a temperature of 3000° 
Fahr.; but in reality, owing to certain chemical changes which 
take place, this augmentation of volume is greatly exceeded. 
When heated to redness, the tar vapour and olefiant gas deposit 
carbon, and this is immediately taken up by the carbonic acid 
and the water vapour, the former being converted into carbonic 





oxide, and the latter into carbonic oxide and hydrogen. The de- 
composition of the ammoniacal vapours and sulphuretted 
hydrogen also takes place, permanently elastic gases with a pre- 
ponderance of hydrogen being fanned. These changes cause a 
reduction in the specific gravity of the mixture to 0.7, showing 
a corresponding increase in the volume, the transformation re- 
presenting a large absorption of heat from the regenerator, which, 
however, is afterwards given out again during combustion in the 
furnace, when it enhances the heating power of the gases beyond 
that due to the elevation of their temperature alone. It is 
believed that the sulphur, in separating from its hydrogen, takes 
up the oxygen supplied by the carbonic acid and water, and 
forms sulphurous aeid, a firm compound which is not decom- 
posed in the furnace on coming in contact with metallic oxides, 
and that in this manner “sulphuring” is prevented. In con- 
firmation of this view, it has been found that in glass furnaces 
constructed on this system, glass containing a moderate amount 
of lead, may be melted in open crucibles without injury, covered 
pots being required for the highest quality of flint glass only. 
A leakage of air into the gas-flues would be attended with a 
partial combustion, and consequent waste, of gas, as well as by 
the deposition of soot, and to prevent this it is important that 
an excess of pressure, however slight, above the atmosphere 
should be maintaimed in them. When the producers are placed 
at a lower level than the furnaces, this excess of pressure in the 
intermediate flues can readily be obtained, and under other cir- 
cumstances the arrangement shown in Fig. 5 is adopted. Ac- 
cording to this plan, the gases, on leaving the producers at a 
temperature of between 300° and 400° Fahr., are led upwards for 
about 20ft. and then carried horizontally for about 20 or 30 ft. 
along an iron tube, J, from which a descending flue conveys 
them tothefurnace. In traversing the horizontal tube, J, which 
is exposed to the atmosphere, the temperature of the gases is re- 
duced to the extent of 100° or 150°, and their density is thus 
increased from 15 to 20 per cent., this giving a preponderating 
weight to the descending column, and urging it towards the 
furnace. 
We must next consider the regenerators and the furnace 
roper, and the arrangement of these, in the case of a re-heating 
urnace, we shall be able to explain by the engravings. The 
regenerators consist of chambers containing firebricks with in- 
tervals between them, and in the case of the Mersey furnaces 
these chambers are arranged as shown in Figs. 1 and 3. The 
capacity of the regenerators depends upon the amount of heat 
required; in the Mersey furnaces each regenerator for the gas 
is about 8 ft. 6in. long by 2 ft. 4in. wide, and 8 ft. high, those 
for the air being each of the same length and height, but their 

idth being 2ft. 9in. They are arranged under the furnaces 
in pairs, each furnace having two air and two gas regenerators, as 
shown in Fig. 1. The gas from the producers is led into one of 
the gas regenerators, and thence through a series of vertical flues 
to the furnace, where it meets the air which has entered through 
the pers are air regenerator. Both the air and gas are heated 
very nearly to the temperature of the furnace during their pas- 
sage through the regenerators, and when they are brought to- 
gether complete combustion ensues, the products passing off 
across the furnace to the other pair of regenerators, and thence to 
the chimney. By the passage of the waste gases through them 
this second pair of regenerators is of course heated, and when 
this heating has been going on about half an hour the course of 
the current is reversed by means of the valves shown in Figs. 2 
and 3, the air and gas being made to enter through the regene- 
rators which have just been heated, and the waste gases passing 
off through those which have been giving off their heat. 

The arrangement of the flues leading from the regenerators 
to each furnace is clearly shown in Figs. 1 and 4, from which it 
will be seen that there are four flues Cae from each gas and 
five flues from each air regenerator; the flues are of equal size, 
about 14in. by 5in., those for the gas alternating with those 
supplying the air. The air flues are carried up nearly to the 
crown of the furnace, whilst the gas flues have each a portion of 
the side next the furnace removed, so that the gas is delivered 
at a slightly lower level; in Fig. 1 the right hand halt of the 
section is taken through an air, and the left hand half through 
a gas flue. The bed of each furnace is 6 ft. 3 in. long by 6 ft. 
wide, and inclines slightly downwards from the front side, where 
the two doors for the insertion and removal of the iron are placed. 
The crown of the furnace is arched transversely, and is made to 
drop slightly towards the centre of its length, as shown in 
Figs. 1 and 3. 

The gas flue by which the gas is brought to the furnaces 
from the producers, is shown in transverse section in Fig. 3 and 
in sectional plan in Fig. 4. From this flue there is a branch to 
each furnace, the gas for each being taken, past a conical regu- 
lating valve, down a vertical cast-iron pipe Z0 in. in diameter to 
the distributing valve. The arrangement of one of these valves 
is shown in Fig. 2, from which it will be seen that, when the 
valve is in the position there shown, the gas is directed from the 
vertical pipe into the left-hand flue leading to one of the regene- 
rators, the right-hand flue leading from the other regenerator 
being at the same time placed in communication with that lead- 
ing to the chimney. By turning over the lever fixed on the 
valve spindle, this arrangement is reversed, the regenerator 
which was previously receiving gas being placed in communica- 
tion with the chimney, and rice versé, ‘Lhe air valves are ar- 
ranged in a similar manner, the supply being regulated by a coni- 
cal valve placed at the top of a short upright cast-iron pipe, 
which would otherwise be open to the atmosphere. Both the 
regulating and distributing valves are worked by means of 
handles conveniently placed, and the various pipes are furnished 
with openings, through which the valves can be examined and 
any deposit removed. 

The first cost of the regenerative gas furnaces will vary mate- 
rially in different situations, it being of course considerably in- 
fluenced by the nature of the ground in which the necessary ex- 
cavations have to be made. Fora pair of furnaces of the size 
shown in our engravings, however, the following may be taken 
as an approximute estimate, Excavations and filling in, 18/.; 
bricklayer’s work, including 22,000 fire bricks laid in clay, 8000 
regenerator fire bricks laid dry, 3200 soap bricks laid dry, 96 
bearers for regenerators, and 22,000 stock bricks laid in mortar, 
2182. 10s.; ironwork, including cast-iron plates, bearers, &c., 
wrought-iron bars, &c., four reversing and Gar regulating valves 
with fittings, 200, 10s.; making as a total 4372 For working 





these furnaces, three producers would be required, of which the 
average cost may be taken as follows: Excavation and filling 
in, 24/.; bricklayer’s work, including 12,000 fire bricks laid in 
clay, and 24,600 stock bricks laid in mortar, 129/.; cast-iron 
work, including inclined plates, spy-hole plates, dampers, soot 
doors, coal-charging valves, grate-bar supports, &c., 487. 10s. ; 
wrought-iron work, including cooling tube, 30 ft. long, 2 ft. 6 in. 
in diameter, and } in. thick, grate bars, angle irons, tie bolts, nuts, 
&c., 30/. 10s., making the total cost of the three producers, 
2311. 10s., or the cost of the furnaces and producers combined, 
6682. 10s. Against this first cost is to be set the greatly re- 
duced cust of fuel for working the furnace. The results of ex- 
— with these furnaces at the various works where they have 

n tried, show that the quantity of fuel saved by them is from 
40 to over 50 per cent., whilst from their enabling fuel of an infe- 
rior quality to be employed, the saving in the cost of the fuel is still 
greater, amounting very generally to 60 per ceut. and upwards. 
Of course the saving is most marked when the form of furnace pre- 
viously employed necessitated the use of coal of a superior susiiiy. 
In the case of glass manufactories, moreover, where these fur- 
naces have been introduced with great success, the improvement 
effected in the colour and general quality of the glass is rela- 
tively of far greater moment than even the saving of the fuel. 

A steel-melting ‘furnace on the regenerative principle has 
been recently erected by Mr. Siemens af his works at Birming- 
ham, where it may be seen in action. Fourteen melting pots 
and a muffle are used in connexion with the furnace, the con- 
tents of each pot averaging 45 1b. Six casts are made every 
twenty-four hours, so that the daily production is 3780 1b. The 
furnace is supplied with gas by one gas producer, and the con- 
sumption of fuel is only 14 tons of small coal per day, or about 
18 ewt. per ton of steel. ‘The small coal used costs only 6s. per 
ton, whereas with the Sheffield furnaces, coke at about 25s. per 
ton would be required, and the pomp of fuel necessary to do 
the same amount of work would be more than twice as great. 
At other places, where the regenerative gas furnaces have 
been applied, similar results have been obtained, and they 
are in regular use for melting iron and steel at the following 
works: Messrs. James Russell and Sons, Wednesbury; the 
London and North-Western Railway Works, Crewe; Messrs. 
Sir W. G. Armstrong and Co., Newcastle-on-Tyne; the Mersey 
Steel and Iron Company (Limited), eh ay Messrs. Eastons, 
Amos and Anderson, Erith; the Patent File Company (Limited), 
Birmingham; Messrs. Burys and Co. (Limited), Sheffield; 
Messrs. Borsig and Co., Berlin; Messrs. Mayer and Co., 
Styria ; Messrs. Cammell and Co. (Limited) ; the Barrow Hoema- 
tite Steel Company (Limited); Messrs. R. and W. Johnson, 
Manchester; the Bolton Steel and Iron Works, Boiton; Messrs. 
T. Firth and Sons, Sheffield ; Messrs. Schneider and Co., Creusot ; 
the Manchester, Sheffield and Lincolnshire Railway Company’s 
Works, Gorton, Manchester; the Railway Steel afd Plant Com- 
pany Cs Manchester ; Messrs. Beuret, Godard-Desmarest 
and Co., Sougland, France; Messrs. T. Richardson and Sons, 
Hartlepool ; Messrs. T. Edington and Sons, Glasgow; the Monk- 
bridge Iron Works, Leeds; M. Gregorini, Lovére, Italy; Mr. 
Dixon, Glasgow; Messrs. H. Hoeller and Co., Rendsburg; 
Pedroso Iron Company, Seville; Messrs. Verdie and Co., Fir- 
miny; Messrs. P. and R. Servais, Tréves; Mr. C. Attwood, 
Darlington; the Royal Arsenal, Woolwich; M. E. Martin, 
Sireuil; Messrs. Krupp and Co., Essen; Messrs. Naylor, Vickers 
and Co., &c. &e. &e. 

The following Glass Works have applied the Regenerative Gas 
Furnaces, to the exclusion of the ordinary furnaces, or nearly 
so: The St. Gobain Plate Glass Works, at its four important 
establishments; Messrs. Chance and Co. Birmingham; the 
Baccarat Flint Glass Works; the St. Louis Flint Glass Works ; 
Mr. Maés, near Paris; the British Plate Glass Works, St. 
Helens ; the Montlugon Plate Glass Works; the Société a’ Her- 
battes lés Namur; M. Godard-Desmarest & Trélon; Messrs, 
Pilkington and Co., St. Helens; Messrs. Lloyd and Summerfield, 
Birmingham ; Messrs, Burgun, Schverer and Co., Maisenthal ; 
the Plate Glass Works, Recquignies; Messrs. Dumont and 
Imbert, Sars Poteries; M. Polley, Viztsburg; Mr. von Poncet, 
Muskau; M. Roeck, Berlin; M. Boissiére, Gast; M. Regout, 
Maestricht ; Verrerie de Vallérysthal ; Offenburg Glass Works; 
Verrerie Vopélius, Sarrbourg; Messrs. Powell and Ricketts, 
Bristol; Mr. Hans Siemens, Dresden; M. Starck, Pilsen; the 
Union Plate Glass Company (Limited), St. Helens, &. &c. &e. 

Miscellaneous applications: Messrs. Dillwyn and Co., Swan- 
sea; the Usine de Stolberg and the Vieille Montagne Zinc Com- 

any, for the distillation of zinc; Mr. B. Baugh, Birmingham, 
enamelling kilns; Mr. S. Walker, Birmingham, for anneal- 
ing copper and brass; M. Hickmann, Berlin; the Paris Gas 
Company and the Birmingham Gas Company; M. Bruzon, 
Tours; &c. &. &e. 








Lonpon WATER SuppLy.—lIt is stated that surveys are in 
progress with a view of applying to Parliament in the ensuing 
session for an Act to enable existing companies, or some of them, 
to procure a better supply. It is proposed to divert and utilise 
all the sewage of the towns which lie on the Severn above 
Tewkesbury, in accordance with the principles laid down in the 
report of the Rivers Commission, 1865, and to take the supply 
from that river just above Tewkesbury, and to convey it thence 
to large reservoirs at a distance of nine miles, and at a sufficient 
elevation to allow the supply to pass from these reservoirs to 
London, delivering the water there at the requisite height to 
afford a constant supply at high pressure to every portion of the 
metropolis. It is said that the flow of water for such a long 
and continuous length, and without receiving any contamination 
in its passage, will so oxydize the organic matter held in 
suspension that it will tend greatly to purify and soften the 
water. The estimate of the probable cost of carrying out this 
undertaking, as made by the engineer, Mr. Hamilton Fulton, is 
3,000,0002., whereas it is estimated that the cost of Mr. Bate- 
man’s Welsh project would cost nearly 9,000,000/, Should it 
upon further investigation be found impracticable to divert the 
sewage satisfactorily from the towns above referred to, it is 
considered that an excellent and pure supply for London might 
be obtained from the sources of the River Wye, which drain the 
districts in the vicinity of the Plynlymon range, where the annual 
rainfall is equal to 70in. deep. Mr. Fulton estimates the 
additional cost of this plan at 2,500,0002, or a total of 
5,500,000/,—Globe. 
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SIEMENS’ REGENERATIVE FURNACE. MERSEY STEEL AND IRON WORKS. 
(For Description, see Page 109.) 
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French Locomotives In Encianp, — Messrs, 
Schneider are proceeding steadily with the delivery of 
goods engines to the Great Eastern Railway. We were 
resent at the trial of one of these engines on Friday 
hast, and we must say that they appear to be a very 
good job. Ten of these goods engines, of which we 
gave a description at page 28 of the present volume, 
iave already been — to the Great Eastern, and 
it is expected that Messrs. Schneider will commence 
the delivery of some express engines, for which they 
also obtained the contract, in about a month’s time. 
Cxiark’s Rarpway Brake.—Clark’s railway brake, which 
has been for some time in use on the North London line, where 
it has given such satisfaction that all the carriage stock is now 
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\\ Y ~ fitted with it, is being applied to several trains on the Great 
— : \ Western Railway. According to Mr. Clark’s system the brake 


= = G <= \ WH blocks are applied to each wheel by means of a chain running 

the whole length of the train, and tightened by being wound 

upon a drum fixed upon a shaft placed under the guard’s van, 

this shaft being caused to rotate by means of friction wheels, 

which can be —_ against the wheels of the vans at pleasure. 
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\ If preferred, the shaft carrying the winding-drum and friction 
\ wheels can be applied to the engine or tender instead of the 


guard’s van. ; 
Tue Cor iss Encine.—We should have added to our notice 
last week, that Messrs. Hick, Hargreaves and Co., of Bolton, are 
making a Corliss engine with surface condenser for the Roya 
Arsenal at Woolwich. The designs are by Mr. William Inglis, 
of Manchester. 
Tue Liverroot” Water SuppLy.—We gave an account, 
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Y the week before last, of Mr. Duncan’s scheme for supplying 
“Zz Liverpool with water from the Bala Lake district. On Wednes- 
y Yj day last the proposition was considered by the Liverpool Town 
ZZ Council, and it was determined, before proceeding further with 
Gy eS ERR EEE - matter, to —_ the a of the first — — ~ 
CMUev ew[wj}l»MNMNLNOLLEEzXQX_ ITZ the resources of the present Rivington watershed, and the re 
tj; ttt: Yj jh tj tj); sandstone formation, from which part of the present supply is 

CUMATLETOEPOERLT AEE ih at ii now pumped. An increased supply is much wanted. = sews 








Aucust 17, 1866.] 


ENGINEERING. 








MR. J. E. WILSON’S LOCOMOTIVE ENGINE, INDIAN BRANCH RAILWAY. 
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WE give in the above engraving a side elevation, longitu- 
dinal section, and sectional plan of one of four engines con- 
structed for the Indian Branch Railways by Messrs. Sharp, 
Stewart, and Co., according to the patented designs of Mr. 
James E. Wilson, C.E. From the illustrations it will be seen that 
the arrangement, at all events, presents several points of no- 
velty. The cylinders, which are inside, are 164in. in diameter, 
with 24in. stroke, and the connecting-rods are coupled to 
cranks formed on a shaft carried by bearings in the engine 
frames, these bearings being fitted with adjusting wedges on 


rom the pins ot which extend coupling-rods, as shown in the side 


elevation. The engine is carried on four pairs of coupled 


in the sides of the firebox. This plan of construction was, how- 
ever, not adhered to; if it had been, we should not have liked to 


wheels, 4 ft. in diameter, arranged as shown in the illustrations. | have had much to do with the engine under steam, particularly 
The two centre pairs have no side play, but the axle-boxes of | if anything went wrong with the top row of stays between the 


the two end pairs have a transverse motion in the rubbing 
pieces of 1} in., the bearings of the coupling-rods being made so 
as to allow of the movement taking place. 

According to Mr. Wilson’s original design, the firebox crown 
was to be unprovided with roof or sling-stays, but was to be made 
in the dished form shown in the longitudinal section, the idea being 


each side of them. At each end of the shaft are fixed cranks, | to convert the downward pressure into a force tending to draw 


inside firebox and casing. The dished top would, no doubt, form 
a good receptacle for deposit, but whether this would be desirable 
or not, is another matter. 

The springs form one of the most striking features of Mr. 
Wilson’s design. They are each about 5 ft. long, and are formed of 
a number of straight plates, tapering in width from the centres to 
the ends. These plates are arranged with packing pieces be- 
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tween their centres, so that the ends, although thickened, are not 
in contact with each other. In consequence of this the top 
plates first come into action, and, as they deflect, are 
assisted by those below them. Straight plate springs were 
tried by Mr. Sinclair on the Caledonian Railway, but were aban- 
doned, and several plans for bringing the plates of springs 
successively into action were patented by Mr. Allan many years 
ago, but we do not know that springs so made were ever applied 
extensively. 

The engine is furnished at the leading end with a central 
buffer, which also forms the draw-spring, the head being fur- 
nished with a projecting eye, to which a coupling can be con- 
nected. The axle bearings are of unusual ——- the 
length being 9 in., and the diameter only 5} in. The chimney 
is made of the conical shape introduced by ‘Mr. Sinclair, The 
top is, however, bevelled off so that the hind edge is at a lower 
level than the front, the idea being, we presume, to give a freer 
escape for the smoke, &c., when the engine is running forward. 
The other details of the engine do not differ materially from 
those of ordinary engines, and their arrangement will be suffi- 
ciently explained by the engravings. The weight of Mr. Wilson’s 
engine was 30 tons. 

: = ——_-____} 

PORT CANNING, ON THE MUTLAH. 

Tue difficulties attending the navigation of the 
river Hooghly had long directed attention to the ne- 
cessity either of improving the channels of the river— 
if that were practicable—or of providing some other 
port, possessed of greater facilities and more acces- 
sible, for the rapidly increasing trade of the chief com- 
mercial mart in India, The most important commer- 
cial evidence on the state of the Hooghly as a navi- 
gable river will, perhaps, be found in the views of the 
Chamber of Commerce of Calcutta, who, in May, 
1853, memorialised the late Marquis of Dalhousie, 
then Governor-General of India, upon the dangerous 
state of the river. In that memorial it is set forth : 
“That the difficult and dangerous state of the river 
* Hooghly threatens, at no distant period, to render 
“aecess to the port of Caleutta altogether impracti- 
cable for any vessels but those of the smallest ton- 
‘nage ; that during the present season (May, 1853) 
‘many outward-bound vessels, loaded and ready for 
sea, have been detained from a fortnight to three 
weeks, unable to proceed on their voyages; that 
then (May) there were several vessels which had no 
prospect of getting to sea before July; that it is 
the opinion of most nautical men well acquainted 
with the river Hooghly, that these serious impedi- 
ments to its navigation are progressive and inevit- 
able from the form of the river, its soil, and the na- 
ture of its tides, and that they are beyond the 
reach of removal by any engineering skill. The 
‘Committee of the Bengal Chamber of Commerce 
beg, therefore, to submit, for the consideration of 
the Most Noble the Governor of Bengal, the very 
great importance of endeavouring to open a new com- 
* munication from the sea to this port by some new 
“ channel, and most respectfully to call his attention 
“to the practicability of this object by means of the 
* Mutlah river.” 

‘The necessity of an auxiliary port for Calcutta is also 
forcibly shown in a minute, dated 16th October, 1858, 
by Sir Frederick Halliday, K.C.B., when Lieutenant- 
Governor of Bengal, who therein states that “the 
* existing plethora in the port of Caleutta is so press- 
“ing that the Chamber of Commerce has been j wae 
“ to recommend that ships should be only allowed to 
“tenant moorings for a given time, and then give 
“them in turn to others; that the crowding of the 
* Calcutta port is a great and rapidly increasing in- 
“ convenience, which will not be removed except by 
“the establishment of an auxiliary port, nor ought a 
“ day to be lost in forwarding a measure so indispen- 

* sable to the increase of the Calcutta trade and the 
“ safety of the vast shipping now belonging to it.” 
*'To avoid the auxiliary port,” adds Sir Frederick, “ J 
** hold to be an impossibility.” 

In addition to the difficulties attached to the naviga- 
tion of the Hooghly, the mode of loading and discharg- 
ing ships at Caleutta is open to great objection, besides 
being injurious and detrimental to the cargoes them- 
selves ; owing to the freshes in the river having pre- 
vented the erection of wharves, all cargoes are un- 
loaded and loaded by means of cargo boats, and in 
this way a ship of 1000 tons will require from two to 
three weeks to be discharged, and a similar time to be 
1, thus causing a heavy loss both in time and 
be 
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money; in addition to this inconvenience must 
added the loss from pilfering, which was estimated by 
the Wet Dock Committee of 1846 at one per cent. on 
the entire trade. “Such, then,” said Mr. Thomas 
Page, C.E, from whose report on the capabilities of 
the river Mutlah, some of the above statements have 
been extracted, “in the year 1864, more than 160 
** years alter the establishment of Caleutta, is the state 
of the river leading to the capital, and such the 
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“ surprising that, notwithstanding the comparative 
* perfection of the system of unloading by hydraulic 
“ machinery man 5 in England — notwithstanding 
‘the importance of saving time, where time carries 
‘with it the interest of capital, deterioration of the 
‘ ship, payment of officers and men—notwithstanding 
that an improved system is attainable by moderate 
‘ engineering skill, Calcutta should remain as destitute 
“ of appliances for facilitating commerce as the most 
“ barbarous island of Polynesia.” 

About thirty-five miles eastward of the mouth of the 
Hooghly is the inlet of the Mutlah, partaking more of 
a tidal estuary than of a river; for, although its tribu- 
taries are the Attara-Banka, the Hooghledee Creek, and 
the Biddah river, these rivers are not channels for 
fresh waters charged with silt, but act more as recep- 
tacles for tidal water which scours and maintains the 
channel of the estuary. Free from the floods and bores 
of the Hooghly, it yet communicates with Calcutta 
by the Biddiadhurree, and the Balliaghatta and Tolly 
canals. The following brief description of the river is 
from the report by Commander Ward, of the Indian 
Navy, who surveyed it in 1853: “The banks at the 
sand-heads are formed of a very fine sand, of a 
“greyish colour. In the channels the bottom is a 
“ stiff blue mud, affording good anchoring ground. 
The banks in the river are also of sand, but with a 
coating of very soft mud. It is high water on the 
full and change, at the sand-heads at seven hours, 
and at the head of the river at eleven hours forty-five 
minutes ; rise and fall at sand-heads 10 ft.; at the 
mouth of the river it is 12 ft.; and at the head of 
‘ the river 14$ ft. The tides run with a velocity of 
*4$ miles per hour during the springs, and about 
2 miles in the neaps. The least water in the 
‘channel I find to be 4 fathoms at low water spring 
tides. There is, therefore, nothing to prevent vessels 
of the largest tonnage proceeding up the river at all 
“times.” In a subsequent report the same officer 
stated: “ A ship can always, with the aid of steam, go 
“up or down in one day; there is always sufficient 
“depth of water, at all times of the tide, for vessels 
“ not drawing more than 24 ft. The tide never runs 
* stronger than 34 to 4 miles per hour, whereby there is 
no fear of loss of anchors, cut-water, &c. &c., or 
‘fouling other vessels; there are no shifting sands, 
“so that a careful commander may, with the assist- 
‘ance of the ordinary charts (as many have already 
done), navigate his own vessel up and down. Pilots, 
therefore, are almost needless; the entrance is as 
easily made as that of the Hooghly.” The late Su- 
perintendent of Marine at Calcutta also stated that it 
only required to be known, by practical experience, 
how much more easy and safe a river it is than the 
Hooghly, to draw a large portion of the tonnage that 
now goes to Calcutta, seeking freight only. 

In consequence of the representation from the Bengal 
Chamber of Commerce, an officer of the Bengal En- 
gineers was deputed to examine the head of the 
Mutlah river, and to report on the most eligible site 
for a town there, as well as on the facilities that existed 
for the construction of a railroad or ship canal between 
it and Calcutta. The present site of Canning, about 
twenty-three miles from the mouth of the river, was 
selected, and although it was practicable to construct 
either a canal or railway, preference was given to the 
latter, both on account of its being the less expensive 
scheme, and that it would require a shorter time to 
complete. As it appeared evident that, in the event of 
the Mrutlah ever becoming an auxiliary port for Cal- 
cutta, the site for the port would be at that point, 
about twenty-four miles from Calcutta, where the river, 
deep at that place, suddenly divides and shallows, the 
Government at once became possessors of the land 
there to the extent of 25,000 beegahs, by purchasing 
it for the sum of rs. 11,000. 

Mr. Page, in comparing the Mutlah with the 
Hooghly, stated that, instead of presenting difficulties 
even at spring tides for the passage of ships of only 
19 ft. draught of water, its channels would allow the 
passage at low water of thelargest ships employed in 
the Eastern trade. Instead of a 1000-ton ship being 
kept for three w eeks unloading by boats as at Caleutta, 
she might come alongside a properly -construct¢ d wharf 
on the Mutlah and be discharged, and her cargo be 
safe in the warehouses of Calcutta in three days, and 
her return eargo could also be shipped with equal 
rapidity, and the time and expense of transit being 
thus reduced, a corresponding increase of trade and 
reduction in prices would be the result. But perhaps 
the most important advantage possessed by the Mutlah 
is the permanency of its channel, arising from the 
absence of floods, to which the Hooghly is subject. 
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“ system of providing for its commerce. It is indeed | Not depending for its maintenance as an estuary on } building lots in the town were allotted to applicants in 





the waters of the Ganges, which at any time may be 
diverted by a sudden change in the course of that 
river, but scoured and maintained by the influx and 
efflux of tidal water, it offers a comparative assurance 
of a continuance of its depth and direction, which is 
pre-eminently desirable in a harbour. The port charges 
for navigating the Hooghly, adds Mr. Page, average 
about 1/. per ton on the register tonnage of the ship ; 
this great expense is incurred mostly by steam-tug hire, 
pilotage, light and buoy duties, and mooring charges, 
while those charges on the Mutlah, from its easy navi- 
gation, will not exceed 8s. per ton. The landing charge 
on cargo from the ship to the merchants’ warehouses 
in Calcutta is about 8s. per ton; the railway company 
could easily convey the same from the ships on the 
Mutlah to the warehouses in Calcutta for the same 
rate, leaving the clear saving of 12s. per ton on the 
navigation of the river without deduction. 

In December, 1855, in order to render the Mutlah 
available for the purposes of a trading port, the mouth 
and channels of the river were marked off by buoys, 
and in the same month an application was made by 
Messrs. John Borradaile and Co. for a grant of land 
with sufficient river frontage to allow of three or four 
vessels of the largest size loading at a time alongside 
their intended godowns. 

In 1856 a Committee was appointed to report on the 
eligibility of the Government lands on the River Mut- 
lah, as a site for a town, in the event of a port being 
established in that river. The Government property 
there was found to consist of one entire Sunderbund 
lot situated at the junction of the rivers Biddiadhurree 
and Mutlah, having the former for its northern boun- 
dary, which is about seven miles in length, and the 
latter to the east, where there is a river frontage of 
two miles, whilst on the south and west sides runs a 
broad and deep creek called the Malle Khal. The 
length of the Mutlah from the head of the river to 
clear of the outer edge of Bulcherry Sand at the en- 
trance is about seventy-five miles, with a course almost 
uninterrupted, and running due north and south; the 
distance of the Hooghly from the Lower Floating 
Light to Calcutta is 119 miles; so that, including 24 
miles for railway to connect the head of the Mutlah 
river with Calcutta, the distance to that port vid the 
Mutlah would be 20 miles less than by the Hooghly 
river. The Committee above referred to thought that 
lot 54 was an eligible position for a town, the river in 
that part affording favourable anchorage for ships of 
all sizes. “For two thousand yards above Mallee 
Khal and fifteen hundred below it,” they said, “ large 
“ships may be moored close under the bank, and 
*“‘ smaller vessels higher up; this locality is in the 
direct line of the route by which.the trade with the 
interior of the country is carried on. Throughout the 
“ year, the produce of the eastern districts of Bengal, 
and during the greater part of the year, when the 
Nuddea rivers are closed, that of the Upper Pro- 
“ vinces likewise pass this very spot on its way to 

Calcutta for exportation, and a large amount of ‘im- 
ported goods similarly pass it on their way into the 
‘inland districts, and in a single day sometimes as 
‘many as 200 large boats laden with goods pass in 
and out of the ‘Biddiadhurree river, at the entrance 
‘ of which the Government estate is situated. There 
‘ is also excellent water communication already exist- 
ing between this locality and Calcutta, sufficient for 
very large boats to avail themselves of with safety, 
and which could, we imagine, be easily improved and 
widened, where requisite, towards Calcutta. The 
depth of water near the bank is favourable for the 
formation of docks. Just above the sandbank nearly 
opposite Ellengunge, or even a little way up the Bid- 
diadhurree, might be found good situations for works 
of this kind. Independent of the necessity of docks, 
for their own purpose they would be useful ; indeed, 
‘large excavations of some kind would seem to be 
‘ indispensable to furnish earth for raising the surface 
‘of the land, for, should a busy town really spring up 
“here, it is not to be supposed that its general area 
“can be allowed to remain at a level below that of 
“ high water in the springs.” 

In addition to buoying off the river channel, an 
officer was placed at the entrance to assist vessels en- 
tering the Mutlah, and subsequently a light vessel was 
moored at the mouth of the river, with pilots on board. 
‘The works at this port were at the first placed under 
the Board of Revenue, but, in December, 1856, Mr. 
H. Leonard, C.E., was appointed to superintend the 
clearing of jungle, making embankments, planning the 
town, and the planning and making of tanks for a 
fresh-water supply, and the construction of wharves, 
landing places, drains and roads. Prior to March, 1857, 
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order according to the date of their application, but all 
lots disposed of after that date were put up to auction, 
each lot bearing a certain fixed rent for a period of 
sixty years, after which time they would revert to Go- 
vernment. No sanction seems at any time to have been 
given to the vigorous execution of any specific plan of 
operations, but small sums were, from time to time, 
sanctioned for individual works, such as the construc- 
tion of an embankment, making a tank, or a short 
piece of road. It is true that the works in progress 
were sometimes put a stop to by sickness breaking out 
amongst the workpeople, and, owing to the competing 
demand on the salivas works near at hand, labour was 
at times very scarce, but this can scarcely be considered 
sufficient excuse for the fact that, by 1862, five years 
after the commencement of operations under a special 
superintendent, those who had taken up sites in the 
town were unable to convey building materials to their 
several lots, owing to the TV afinished state of the roads 
communicating with them. On this being represented 
to Government, however, an expenditure was imme- 
diately sanctioned for the purpose of improving the 
roads. 

In 1862 the town of Canning on the Mutlah (for 
such is the name given to it), and all works in progress 
there, were made over to Municipal Commissioners, 
and all sums arising from the sale and rental of lots 
were to be by them applied to the improvement of the 
town roads, drains, tanks, &c. These amounts not 
proving sufficient for the purpose, an application was 
made to Government for a loan, on the security of the 
unsold town lots, to enable the commissioners to carry 
out to completion the works left unfinished when they 
assumed charge of the town. This request was, how- 
ever, refused on the grounds that the security offered 
was insufficient, but Government made over to the 
Commissioners their property in lots 50 and 54 in fee 
simple, and with this increased security an attempt was 
made to raise a public loan of 100,000/., but owing to 
the adverse state of the Bengal money-market at the 
time, subscriptions were received only to the extent of 
11,754/. Early in 1864 another attempt was made to 
obtain assistance from Government, but with the same 
result as before. Matters were thus likely to come to 
a standstill, and several merchants and residents of 
Calcutta petitioned that Government would take into 
consideration the necessity of speedily developing Port 
Canning as an auxiliary port to Calcutta, and grant for 
that purpose such pecuniary aid from the imperial 
resources as might be sufficient for the purpose. About 
this time, however, the “Port Canning Land Invest- 
“ment Reclamation and Dock Company, Limited,” 
was started, and thus it seemed probable that all would 
be accomplished without the aid of Government, that 
those interested in the port eould desire. 


The Port Canning Company was started late in 
the working season of 1864. Their scheme of opera- 
tions consist of the excavation of an extensive wet 
dock, for the completion of which, we believe, con- 
tracts have already been made with competent par- 
ties. This dock, when finished, will be 3500 ft. long 
and 400 ft. wide, with an outer basin of 500 ft. long 
and 400 ft. wide. The works are said to be tolerably 
far advanced, and it is expected that the dock will be 
ready for the reception of country boats before the 
commencement of the next rice season. The next work 
which the company has projected is the construction 
of landing wharfs along the entire foreshore of Port 
Canning. Ten of these wharves or jetties, each of 
which is to be 50 ft. in length, and — of accom- 
modating two ships at a time, have been contracted 
for, and two have already been erected. The others 
will be put up as soon as the materials for their con- 
struction arrive there from England. In connexion 
with these jetties, open goods sheds will be erected at 
intervals, and, in order to connect them with the 
South-Eastern Railway, five miles of a substantial 
tramway have been ordered out from England. Asa 
temporary measure, the company has erected a gridiron 
on the opposite side of the river, where ships can be 
repaired until the graving dock is ready. The build- 
ings of the company consist of warehouses, offices, ex- 
tensive barracks for European overseers, and wooden 
houses for native employés. In addition to this, the 
company has contributed one-third of the cost of erect- 
ing the Port Canning Hotel—a first-class hotel which 
is being built in connexion with the Port Canning 
scheme—in order to secure the early completion of 
Canningtown and supply a deficiency in = ic accom- 
modation. From the Tanded property of the company 
a present revenue of 13,000/. is taken credit for in 
their first annual report—an amount which, together 
with the interest accruing from their banker’s deposits, 
admitted of a dividend of 2} per cent. being paid, 
after deducting the working expenses of the year. 





Soon after its completion the railway jetty most un- 
expectedly fell down, whereupon a committee was 
appointed to investigate the cause of its failure, and 
to recommend measures for the protection of the 
river bank, which was evidently being washed away. 
This committee reported that the fall of the railway 
jetty, as well as of the other piers, was the inevitable 
result of the insufficient depth of their foundations 
and of the position of the former at that part of the 
river bank, where the action of the tides is so strong 
that the channel close to the jetty has been scoured to 
a depth of eleven fathoms, or two fathoms below that 
shown in a chart of 1855. The committee further re- 
ported against the present site of Port Canning, 
tting for their reasons that a scour from both sides 
is gradually washing it away, and the stoppage of the 
natural drainage, the new tanks, and the cutting away 
of the foreshore; to. make the Strand Road, have as- 
sisted in the operation. They say that the injurious 
action would be much diminished, first, if the general 
course of the Mutlah at its head were improved by 
the construction of piers, which would change the 
direction of the currents of the Biddiadhurree and At- 
harah ; secondly, by the substitution of a pew bank 
having a curve of large radius for the present irregular 
and abruptly curved bank at Port Canning. The 
bank must be protected by a key wall, one and a half 
mile of which only would cost 875,000/. Then the 
other bank would require a similar wall. 

At the commencement of the present year the 
British India Steam Navigation Companies’ Chitta- 
gong and Akyab mails made the Mutlah their port in- 
stead of Calcutta, and the Sylhet and Cachar line of 
steamers, belonging to the Bengal River Steam Com- 

any, began to start from Port Canning from the 
st February last. At the latter end of last Januar 
there were lying in the harbour four ships loading wit 
a. miscellaneous cargo, an inland steamer with two 
flats, and a small schooner, which an enterprising 
native had taken round from Maulmein with teak 
timber. We have not been able to ascertain’ how 
many vessels visited this port during the past year, 
but the “Statement of the Naval and Material Pro- 
gress of India during 1864-5,” recently printed by 
Parliament, shows that fourteen vessels arrived there 
during that year. It also states that the cyclone 
of the 5th October, 1864, which created such havoc 
amongst the shipping at Calcutta, was much less 
felt at Port Canning than in the Hooghly. 

Notwithstanding the serious drawbacks arising from 
the injurious action of the currents to which we have 
above referred, we hope soon to receive information 
that all existing difficulties have been overcome, and 
that means have been discovered for the successful 
completion of Port Canning as a safe and commodious 
omtilin iary to the port of. Calcutta; for, whatever may 
ultimately be accomplished with a view to im- 
proving the navigation of the Hooghly, the evils 
to be dealt with are of so gigantic a nature that 
we very much doubt whether any permanent good 
can be accomplished for any sum which it would be 
in the power of Government to devote to such an 
object. We therefore anxiously expect, ere long, to 
see the persevering efforts of Messrs. Borradaile and 
Schiller crowned with success by the permanent es- 
tablishment and commercial success of the Port of 
Canning, on the Mutlah. : 








ConvVERTED BR&ECH-LOADERS FOR InpIA.—It is stated 
that Lord Cranborne bas directed two artillery officers, Colo- 
nel Hay Campbell and Major Currie, to make themselves ac- 
quainted with the processes of conversion of the Enfield rifle, 
and of the manufacture of the Boxer ammunition for the same, 
as at present carried on at Enfield and Woolwich, and to report 
whether they could also be carried out in India. There is little 
doubt that the report will be affirmative; and in this event it is 
intended, we believe, to supply a suitable “ plant ” of machinery 
to one or more of the Indian military manufacturing establish- 
ments. 


Hich Speep Enoine.— We understand that Mr. J. 
Frederick Spencer contemplates driving one of the fans in his 
new works at Tynemouth by a little engine working direct 
upon the fan spindle of about 1200 revolutions per minute. A 
fan thus driven worked for some years at Havre, either in the 
establishment of M. Mazaline or M. Nillus, as we are informed 
by a gentleman who saw it at work some years ago. 


Suutrinc Up or A Rattway.—Owing to the want of 
traffic, the Orton branch of the Morayshire Railway, worked by 
the Great North of Scotland Company, was shut on the Ist of 
August.—/nverness Courier. 


Tue Britisn Association.—The preparations for the visit 
of the Association to Nottingham next week are progressing 
favourably. The public buildings of the town have been re- 
painted and decorated. The flower show, which is to be held 
in the park adjoining the town, will be one of the most striking 
events in connexion with the Association’s visit. More than 
20,0002. worth of horticultural and floral productions will be 
shown. We trust the meeting will be a successful one. 





CRANSTON’S HOTEL. 


We have departed somewhat from our usual course 
in giving on page 114 a perspective view of the magnifi- 
cent hotel which is about to be erected in New York 
for Mr. Hiram Cranston, now of the New York Hotel. 
The ground on which this new hotel will be erected is 
situated immediately opposite the principal entrance to 
the Central Park, and comprises the whole of the block 
between Fifty-ninth and Sixtieth Streets, extending 
from Fifth Avenue in front to Madison Avenue in the 
rear, the frontage being 201 ft., and the depth 420 ft., 
making the area 84,000 square feet. It is the inten- 
tion of Mr. Cranston to secure for this hotel the cha- 
racter strictly of a family hotel of the first class, and to 
this end the general arrangements will be made. The 
preparation of the necessary plans and working draw- 
ings has been confided to Messrs. Bryant and Gilman, 
who were the architects of the new City Hall of 
Boston. The proposed building will be in the Renais- 
sance style, and will be built in blocks around two 
squares, or courts. It will have five stories, in addi- 
tion to the basement story, and that in the high 
Mausard roof; and the height of the walls above the 
level of the area pavements will be 90 ft. Its accom- 
modation will include 174 private parlours, each with 
one, two, or three chambers ex suite, besides 600 other 
chambers, single and in suites, as well as 100 rooms 
for the officers and domestics of the hotel and the ser- 
vants of private families. There will be two main 
dining-rooms, one 46 ft. by 110 ft., and the other 48 ft. 
by 100 ft., the former being intended to be used for the 
table d’héte, and the latter as a restaurant. Communica- 
tion between the various floors will be obtained by 
means of eight staircases and two large lifts, and the 
whole of the corridors and passages will be remarkably 
spacious. 

It is intended that the great interior court through 
which access will be obtained to the whole build- 
ing, shall be the most ornamental portion of the 
whole design, and that it shall include a _repro- 
duction of the principal features of the facades 
of the Chateau of Heidelberg, a well-known master- 
piece of Renaissant design. The court will be 
covered in and thoroughly protected from the weather 
by a light iron and glass roof. It has been determined 
to construct the whole of the delicate architectural 
work required for the ornamentation of this court of 
Mr. Ransome’s patent concrete stone, a material which, 
while imitating to perfection the texture and colour 
of Bath, Portland, Caen, Aubigny, or other building 
stones, can be moulded into the most intricate forms 
at such a trifling expense as to throw open an immense 
field for the employment of the most elaborate and 
delicate architectural embellishments. We gave a 
complete account of the manufacture of Mr. Ransome’s 
ge concrete stone on page 65 of our last volume. 

e may add, that our engraving of the Cranston Hotel 
is the first that has been published in this country. 








RAILWAY DANGER SIGNALS. 
To THe Eprror or ENGINEERING. 


Srr,—In looking over the summary of “ Recent Patents,” in 
your impression of August 3, I was particularly struck with 
the terms used in describing Mr. Moore’s recently patented 
railway danger signals; as there appears to me, from the 
description given, to be a perfect similarity in every point 
betwixt the said signal and the one patented by Messrs. Walls 
and Crompton, two enginemen, in the service of the Lancashire 
and Yorkshire Railway Company, and their specification is 
dated “26th May, 1862”—“ No. 1569.” An experimental 
signal, according to this specification, has been at work for 
some time in this district; and the company are so satisfied of 
its mr that four others are at present in course of construc- 
tion by Messrs. Hicks, of Bolton, to be erected at four several 
tunnels on their line. 


W. Lauriz. 
Bolton, Aug. 10, 1866. 








ComMPENSATING TyrEs.—Mr. W. Bridges Adams is now 
introducing a simplification of his well known spring tyre. Ac- 
cording to this modified plan a band of polished steel, perforated 
with holes, is interposed between the rim of the wheel and the 
tyre, the holes in the band and grooves turned in the tyre and 
wheel rim being filled with lubricating matter. The tyres are 
applied to the wheels cold, and are retained in their places by a 
solid rib in front, which thay be either plain or lipped over the 
wheel, and bya spring washer or ring at the back, which expands 
into a groove in the tyre. The tyres are thus free to move round 
the wheels, but the movemerft only takes place when friction 
would commence on the rail, and it thus prevents torsion of the 
axle, and gives the same freedom in passing round curves as 
would be obtained by the use of loose wheels. The new arrange- 
ment does not give such a perfect action as the spring-seated 
tyres, which are preferred by Mr. Adams, but it is cheaper, and 
is therefore more likely to be applied in some cases. 

Fryine Macuins.—M. Giffard, the well-known inventor of 
the injector, is, we believe, engaged on the construction of a 
steam flying machine, it being intended to use the steam for 
working it at a pressure of 1500 lbs. per square inch. It was, 
we believe, the want of a light apparatus for supplying the boiler 
of a flying machine which led to their invention of the injector. 
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THE FUTURE OF THE PROFESSION. 


No other profession affords an instance of such 
rapid and even marvellous development as that of 
engineering. It has already achieved numberless 
results which but a few years ago were pronounced 
impossible, while the growing magnitude of engineer- 
ing operations has far surpassed what were once con- 
ps he the limits of extravagance, but which are now 
known to be far within the bounds of profitable 
reality. And there is evidence that our profession is 
one destined to a far greater development in the 
future. It is one by the operations of which wealth 
is created to an almost unlimited extent. It is but a 
narrow view which leads to the conclusion that, 
because works of construction and improvement are 
occasionally pushed beyond the necessities and even the 
means of the moment, that they are therefore to remain 
permanently unproductive. If the balance could be as- 
certained, it would, we think, be foundthat greater public 
losses attend the delay of —— than all that 
can possibly be set down to their premature execution. 
There are but few engineers now in practice who do 
not remember the “railway mania” of 1848. Yet, 
what were then regarded as the wildest schemes, whe- 
ther in their intrinsic character or in their mere mag- 
nitude, are now surpassed, year by year, by the 
ordinary extensions of our railway system. We are 
not for a moment denying that over-speculation, even 
where its results are but temporary, is always attended 
with great national inconvenience and substantial in- 
jury ; but over-speculation has always been one of the 
inseparable accompaniments of great progress, and it 
is no more chargeable upon engineering undertakings 
than upon many other fields of enterprise. It is to 
the great productive power of our engineering works 
that we owe the remarkable elasticity with which 
nations now recover from the effects of war, over- 
trading, pestilence, or other national ills. Ame- 
rica was torn two years ago, by a great civil 
strife, and yet, within that time the Northern] States 
at least have attained a pitch of commercial prosperity 
exceeding anything before known, ‘The American 
merchants almost boast of the income-taxes they pay 
It is stated that four New York merchants and ca- 

italists W. B. Astor, A. T. Stewart, Cornelius Van- 
Ferbilt, and H. B. Claflin, will this year pay taxes 
upon private incomes exceeding in the aggregate ten 
million dollars, while Stewart and Claflin have besides 
large additional incomes from the branches of com- 
merce in which they are engaged; Stewart’s income 
alone is estimated at 4,7000,000 dollars, equal to nearly 
700,000/. in gold. Nor is money being made and 
accumulated only by a few, for the prosperity is wide- 
spread. In ps, fs Aa of a correspondent, a large 
manufacturer in the States, and who writes us on his 
return from a visit to this country, “there is general 
** prosperity, ~~ are all good, and money is cheap 
“and plenty.” It is undeniably to the { manu- 
facturing power, and to the extended railway system 
and internal navigation of the Northern States, that 
these results, following so closely upon a fearfully de- 
structive war, are to be ascribed, and it is to the 
absence of manufactures and of trained industry in the 
South, that the wretchedness and desolation which 





now prevail there are clearly due. We take America 
as one instance among many of what that artificial 
development of which engineering best represents the 
cause, has done for national power. Productive power, 
if it be in full exercise, is synonymous with prosperity, 
and it is by engineering that the productive power of 


nations is best developed. 

However great may be the financial pressure of the 
present time, however great the disturbance of our 
accustomed conditions of industry and production, and 
however much temporary suffermg we may witness, 
there is nothing more certain than that capital and 
labour will return within a time not far distant to their 
natural channels, and. that with the increasing aids of 
practical science, they will achieve still greater triumphs 
than they have heretofore accomplished. Engineers 
may see before them a a of rest, but we are con- 
vinced that it cannot be along one. When we are 
out of our present difficulties—those attending a wide 
destruction of commercial confidence, the war in 
Europe, a cattle plague which has swept away one 
hundred thousand beasts, and a great pet in Lon- 
don—it will be a matter of wonder how rapidly the 
country will recover its former prosperity, and with 
what energy oe and still greater undertakings will 
be prosecuted, for the great works of practical civi- 
lisation in India, in Turkey, in China, and in South 
America, for which engineering has so much to do, 
are hardly begun. Our intercourse with the con- 
tinental nations, too, with America and Australia, will 
be enormously extended, and in a thousand ways the 
engineer and the manufacturer will share in the great 
prune which this constantly expanding trade will 
yield. 

There never was a time when young engineers had 
better reason to prepare themselves thoroughly for 
their profession than now, and there was never a time 
when, during a temporary pause in their labours, the 
active members of the profession had more reason to 
look forward with confidence to still greater works in 
the future. We have now great railways over-crowded 
with traffic, harbours over-crowded with shipping, and 
the natural causes upon which manufacturing and com- 
mercial prosperity depend are yet in full force, and 
should assure us that the time will not be long delayed 
when our great seats of trade will again be alive with 
commerce, and our mills and workshops be busier than 
ever before. 








ARTIFICIAL STONE. 


Tre manufacture of a permanent, and, indeed, in- 
destructible stone, from sea sand, deserves, we think, 
to rank in importance and in philosophical beauty, 
with the Bessemer process itself. 

Mr. Frederick Ransome has been engaged for twent 
years in the constant effort to produce; by artificial 
means, a building stone having the qualities of the 
natural rocks; but it is only within the last two or 
three years that he has attained what appears to be a 
complete success. In ENGINEERING of Pebeuiey 2nd 
last, we gave a complete description of Mr. Ransome’s 
new process, by which large quantities of artificial 
stone are now made at Ipswich and elsewhere in the 
kingdom, as also at Baltimore, United States, where 
will be produced the exquisitely moulded decorations 
of the grand court of Cranston’s palatial hotel, of 
which we give a view on the opposite page—an hotel 
which will surpass the Grand Hotel of Paris, 
in extent if not in magnificence. Indeed, the 
production of the new stone has been already 
carried to such an extent in the States, that we 
understand that very large profits have already been 
realised there upon its manufacture, and we have 
before us the reports of several American chemists and 
architects who have tested it severely and with the 
best results. Of the first stone made by Mr. Ran- 
some’s present process, Mr. Fowler employed a quan- 
tity at the Edgeware-road Station of the Metropolitan 
Railway. This stone, from the omission of washing 
after induration, was found to disintegrate, but 
the reason was soon clearly ascertained, and since 
the proper remedy was applied no similar result 
has occurred. very large number of our prin- 
cipal engineers, contractors, architects, and buil- 
ders have since borne testimony to the unalter- 
able character of the stone when subjected to 
every variety of weather. Among the recent works 
executed by Mr. Ransome are the capitals for the 
columns of the new town-hall at Adelaide, and the one 
hundred and twenty-six large Corinthian capitals for 
the new government works at New Zealand. Mr. 
Ransome is now commissioned by the Architect to 
the Government of Bengal to execute the large Ionic 


capitals for the new University of Calcutta, after the 
model of those of the Erectheum at Athens. i 

By leaving out the finely ground carbonate of lime 
in the mixing process, an excellent filter stone is pro- 
duced, now in extensive use. The filter stone can be 
made to have any desired amount of —_ and 
density, and in combination with animal charcoal it 
forms an excellent filter. For grindstones, too, the 
fact that the whole stone is of sharp quartz sand, with- 
out the admixture of argillaceous matter, gives it a 
superiority in its cutting power to natural stones, and 
the wear is also more uniform. It should be under- 
stood that the new stone is identical in mechanical 
structure, as well as in its chemical properties, with the 
natural sandstones, the interstitial cement of silicate of 
soda being the same as in the most durable beds of the 
sandstone formation. It can be moulded to any purpose, 
and is equally applicable for sea walls and works of 
stability as to architectural forms and mural decora- 
tion. The new works of the Patent Concrete Stone 
Company, at East Greenwich, are now nearly com- 
pleted, and from these large quantities of the new 
material will be sent out, and in nearly all the forms 
in which stone is ever applied. 








BESSEMER RAILS. 

A very few years ago it was simply incredible that 
rails possessing the qualities of Bessemer steel could 
ever be made and sold at a profit at 13/. per ton. 
Now, however, the simplicity and directness of the 
Bessemer process are so widely understood that there 
are even those who think that steel should be made as 
cheaply as iron. Whether this is possible, we 
do not undertake to say. At present, only a 
limited range of irons nearly free from sulphur 
and from phosphorus can be converted into good 
steel by the blowing. process. Even highly silicious 
irons are objectionable, not so much because of 
any inferiority in the steel made, but because they 
act rapidly upon the ganister lining of the converters, 
and wear them out. Hence the irons that can be used 
for the Bessemer process are comparatively pure and 
scarce, and therefore costly. In the case of puddling, 
a large proportion not only of the silicon aL carbon, 
but of the ce horus and sulphur as well, are re- 
moved, yet the blowing process, while it acts upon the 
two first-named impurities, does not act upon the 
latter; or, if it act at all, the result is an in- 
ferior if not worthless steel. Chemistry may dis- 
cover the cause for this somewhat paradoxical result, 
and it may yet point out how sulphurous and _phos- 
phorescent irons may be successfully worked in the 
converter. Wonderful as the results already attained 
by the Bessemer process have been, there is no doubt 
that its successful extension to the ordinary irons of 
the Staffordshire, Welsh, Cleveland, and Scotch dis- 
tricts would effect further results of quite as great im- 
portance. 

In the meantime, efforts are being constantly made 
to adapt these irons to conversion into good steel, by 
first partially removing their impurities by puddling. 
The puddled iron is then to be remelted and blown in 
the converters. This general mode of treatment was 
that proposed and patented by Mr. George Parry, of 
Ebbw Vale, whose patent some time since became the 
property of Mr. Bessemer. We have heard it stated 
y those conversant with all the details of the Welsh 
iron trade, that puddled bars can be made at 
Ebbw Vale as low as 2/, 5s. per ton. Whether 
this be the fact or no, it is certain that they 
can be produced at less cost than the best hema- 
tite iron, while they are also purified to a very 
considerable extent from sulphur and phosphorus. 
Thousands of tons of Bessemer rails of good quality 
have indeed been made from such bars. In remelting 
them it is necessary to recarburise them to some ex- 
tent, and Mr. Bessemer, in a patent specification which 
has just been published, proposes to do this by sub- 
jecting the bars to the action of carbonic oxide gas. 
t is, however, probable that the carbonaceous fuel 
employed in melting is the readier and cheaper agent 
of recarburisation. Mr. Bessemer proposes a system of 
mechanical puddling upon a large scale, and there is 
reason to believe that iron can thus be puddled at 
much less than the present cost. At present this ap- 
pears to be the only promising mode of adapting 
ara irons to the blowing process. 

No chemical means for purifying the iron from sul- 
phur and phosphorus, while in the converter, have yet 
succeeded, but it may be possible that chemical dis- 
covery will ye place this most important result within 
the reach of the ironmaster, and then, indeed, Besse- 
mer steel would nearly, if not quite, take the place of 





iron altogether. 





a ee 


116 


ENGINEERING. 


[Aueusr 17,'1866. 








RAILWAY CARRIAGES. 


Dvunine the past few years there has been a great 
increase made in the weight of railway carrying stock, 
both that for the accommodation of passengers, and 
that for the conveyance of goods. In the case of the 
former, the increase of weight has been caused partly 
by the greater space allowed for each person carried, 
and partly by the increased strength now given to all 
parts of passenger carriages. Thus it is not many 
years since six tons were considered a fair average 
weight for a composite carriage with four compart- 
ments, capable of accommodating from 28 to 32 pas- 
sengers, whilst the carriages of the same class as now 
made weigh from 7 to 8 tons, and in some cases even 
more. As we have already said, this increase is partly 
due to the increased capacity of the modern carriages, 
the height especially being made much greater than 
formerly, and so far no objection can be made to it ; 
but it is a question whether all the necessary strength 
could not be obtained with a less weight of material 
than is now used. 

A railway carriage may be considered as consisting 
of two distinct parts, the body and the underframe ; 
the latter having to resist the greater part of the 
strains which occur during regular work, and the 
former having to afford accommodation for the pas- 
sengers, and protection for them in the event of a 
collision. It is this last duty of the body that neces- 
sitates a great portion of the strength with which the 
various parts are now constructed. If collisions never 
took place, and the bodies of railway carriages were 
merely required to carry passengers, there would be no 
reason why they should not be constructed with the 
same light proportions as omnibuses and other road 
vehicles, the underframes being relied upon to resist 
the strains arising from the action of the buffers, draw- 
springs, &c. In the event of a “ pitch in,” however, 
the passengers in such carriages would stand but a 
poor chance, and we thus see that, whatever attempts 
are made to reduce the weight of a railway carriage, 
the strength should not be interfered with. It follows, 
therefore, that lightness must be sought by effecting a 
better distribution of material, and by substituting for 
the materials at present used, others giving the same 
strength with a less weight. 

An ordinary modern composite carriage 24 ft. long, 
with two first aud two second class compartments, and 
weighing a little over 7 tons, will have that weight 
distributed amongst its several parts very much as 
follows :—Body, 2 tons 18 ewt.; underframe, 2 tons 
2 ewt.; springs, 64 cwt.; axle-boxes, 24 ewt.; and 
wheels, 1 ton 12 ewt. In the last three items little, if 
any, weight could be saved, if we except a small re- 
duction in that of the springs arising from a diminution 
of the load upon them, and it is to a modified construc- 
tion of bodies and underframes that we must therefore 
look for effecting a reduction in the gross weight of a 
train. 

The parts of an ordinary wooden carriage under- 
frame are, generally speaking, well arranged to receive 
the forces acting upon them. The soles, assisted by 
the diagonals and centre longitudinals, resist the com- 
pressive strains, and they also by their vertical stiff- 
ness tend to prevent any distortion of the body which 
might otherwise be caused by unequal loading, whilst 
the cross-bearers and headstocks impart lateral stiff- 
ness to the soles, and in conjunction with the tie-bolts 
bind the whole together. In such frames a reduction 
of weight can only be effected by the employment of 
the best material, by carefully proportioning each part to 
the work it has to do, by avoiding the use of unneces- 
sary bolts and ironwork, and by substituting india- 
rubber buffing and drawsprings for the ponderous steel 
springs frequently employed. If, however, for wooden 
underframes we substitute those composed either en- 
tirely of iron or of iron and wood in combination, we 
at once open up a vast field for improvement. In 
many instances iron carriage frames on been con- 
structed in close imitation of those of timber, and 
the consequence has been either a great waste of 
material or a loss of strength—both undesirable results. 
Wrought iron, when used for carriage frames, should 
be employed in such forms as to obtain lateral stiffness, 
as, for instance, in the shape of channel, T, or. angle 
irons, and the corners of the frames should be 
strengthened by gusset plates to prevent distortion. 
Considering its superior stiffness, it is probable that 
steel might be employed as a material for carriage 
underframes in place of wrought iron with consider- 
able advantage, and, indeed, its application has been 
suggested, if not carried out, in connexion with the 
stock of one of the Indian lines. The various parts 
of a carriage frame could be constructed of steel of a 





much lighter section than could be used in wrought 
iron, and this reduction in weight would go far to 
equalise the cost of the two materials. 

Very good and light frames may also be made’ by 
employing either steel or wrought iron in combination 
with timber, the metal being used for resisting the 
principal strains, and wood being employed to impart 
stiffness and to afford a convenient connexion between 
the different parts. On the South-Eastern line, for 
instance, a number of carriage-frames have been made 
with light wooden soles plated with iron on the out- 
side, this iron plating resisting the vertical bending 
strains, and thus preventing “ hogging,” whilst the 
wooden sole within it gives lateral stiffness and allows 
the transverse bearers, which are also of timber, to be 
connected by mortices and tenons in the usual way. 
There seems to be no reason why this use of wood in 
combination with metal should not be extended. Thus, 
the headstocks, cross bearers, and soles might be made 
of steel, and the diagonals of wood; the soles being 
made of a “channel” section, with the ribs turned 
outwards, so as not to interfere with the direct 
attachment of the cross bearers to their inner sides, 
and the space between the flanges of the channel 
being filled in with wood, so as to give a smooth outer 
surface on which the footstep hangers, &c., could be 
conveniently fixed. The tiasber thus, as it were, let 
into the steel soles would also give them additional 
stiffness, and would enable them to be made of a 
lighter section than they otherwise could be. The 
steel headstocks might be made of the same section as 
the soles, the flanges of the channel being, however, 
in their case, turned inwards, and being allowed to re- 
main only on that portion of the length of the head- 
stocks which is between the soles. The cross bearers 
might be formed of a lighter channel section than 
the soles, or of a T section, and they might be connected 
to the soles either by angle-irons, or by flanging back 
the ends. 

We may remark here, that the anges of iron as 
a material for railway carriages is by no means new. 
About the year 1842 Mr. Brunel built some carriages 
entirely of iron for the Great Western Railway, and 
although the construction of those first made was 
faulty, so that the parts soon became loose, there are 
now running on the Great Western line a number of 
iron carriages, principally third-class, which have been 
in use many years. The royal saloon, also on the 
same line, is constructed of iron, not only the under- 
frame and body-framing, but even the transverse par- 
titions being of that material. A number of iron- 
framed carriages were also made by Mr. J. V. Gooch for 
the Eastern Counties (now the Great Eastern) line, 
about fourteen years ago. These frames were rather 
heavy, their weight for a 22 ft. carriage being about 2 
tons 2 ewt.; they have, however, stood well, and have 
required scarcely any repairs. Mr. Gooch also applied 
iron frames to some iron-covered goods waggons on 
the same railway, and there are numerous other ex- 
amples to be found on most of the principal lines. One 
great objection which has been urged against iron 
underframes is that, in the event of their being 
damaged in a collision, or by accident, they are difficult 
to repair. We think that generally this objection has 
been considerably overrated. In the first place, serious 
collisions are, happily, not of every-day occurrence ; 
secondly, an iron frame, if properly constructed, will 
stand without damage a much more severe knocking 
about than a wooden frame will; and thirdly, the re- 
pairs required will generally merely consist of the 
straightening of the damaged parts and a few new bolts 
or rivets, whereas those of a wooden frame similarly 
damaged will almost always involve the employment of 
a considerable quantity of new material. When the 
frame of the hale as well is composed entirely of iron, 
there is also the additional objection that in the event 
of a “smash” the passengers cannot be so readily ex- 
tricated as they could be from a wooden carriage ; this 
objection, however, can scarcely be considered to apply 
much to underframes, and even in the case of the 
body-framing there may be set against it the freedom 
from splinters. Carriages having the bodies framed of 
iron are, however, noisy when running, even if con- 
structed with the greatest care, and their use therefore, 
even for that reason alone, cannot be recommended. 

Although, however, iron exclusively is not a good 
material for the bodies of railway carriages, it, is a 
question whether it could not be advantageously em- 
ployed in combination with wood much more exten- 
sively than it now is. Thus the present heavy bottom 
sides and end bars might be replaced by much lighter 
ones strengthened by iron or steel angle-irons, and iron 
or steel rolled to a light channel section might be sub- 
stituted for the bottom bars. In the case of the cant 





and arch rails, also, a — section strengthened by 
angle-irons might be employed, and-iron or, steel, might, 
to a great extent, be substituted for wood in the framing 
of the ends. As regards the panels, papier-maché appears 
to be the lightest material which can be satisfactorily 
used. It is now extensively employed on the Great 
Western Railway, and is found to answer exceedingly 
well, whilst its cost does not differ greatly from that 
of mahogany. Iron panels cannot be made much, if 
any, lighter than those of wood, and they have, as we 
have already mentioned, the disadvantage of reydering 
the carriages noisy when running. If wooden panels 
are used, teak appears to be the best ihaterial, as it, 
gives little trouble from shrinkage; it is, however, 
heavier than papier-maché. 

In very many cases the side and door pillars 
of the body framings are made with a straight 
batter inside, the outsides being vertical for the upper 
part of their length, and then curving inwards to give 
the “fall under” to the lower panels. This form ren- 
ders the pillars very weak at the bottom where they 
join the bottons sidés, and makes them much thicker 
than there is any necessity for at about the middle of 
their height, and it is consequently being abandoned 
in the best practice, the insides of the pillars being 
made nearly parallel to the outsides, so as to obtain ap- 
proximately the same thickness throughout. This im- 
provement enables a stronger pillar to be made with 
a less weight of material, and it also renders it pos- 
sible to make a better connexion between the pillars 
and the bottom sides, the increased size of the pillars 
at the bottom allowing knee-irons to be attached more 
effectively. 

In the above notes on the construction of railway 
carriages we have purposely avoided alluding to the 
reduction of weight in proportion to the load carried, 
which may be attained by increasing the length, and, 
consequently, reducing the number of carriages form- 
ing a train; and we have done this because very long 
carriages can be conveniently used on but very few 
railways, On most lines, the existing turntables and 
traversers limit the lengths of the carriages to about 
their present dimensions, and no alterations could be 
made in them without a large outlay, which is not 
likely to be incurred. Where long carriages can be 
conveniently employed, however, there is no doubt but 
that a reduction of the dead weight can be effected by 
their use, as they afford a good opportunity of carry- 
ing out a system of light lattice steel framing, and 
they enable the number of buffers, draw-springs; 
couplings, &c., in a train to be diminished. car- 
riages of the ordinary size, it appears that a reduction 
of weight can be better obtained by a careful attention 
to the proportions of details, thus effecting. a number 
of small savings, than by any sweeping alteration in 
the general system of construction, That such a-re- 
duction, of weight is well worthy of attainment, even 
at the expense of increased cost of construction, will 
be readily seen if the number of miles run by a carriage 
annually is considered. Taking this distance as 35,000 
miles—a moderate estimate—and assuming the cost of 
haulage at even the Jow rate of 4d. per ton per mile, 
then the reduction of the weight of a carriage by one 
ton would effect an annual saving, for haulage alone, of 
29/. 3s. 4d., a sum which would pay a good interest on 
a very considerable increase in the original cost. In 
addition to the diminished cost of haulage, there would 
also be a diminished wear of tyres, rails, &c., with the 
lighter carriages, and an engine of given power would 
be enabled to take a greater weight of paying load, the 
gross weight of the train remaining the same. 








THE ACID TEST OF IRON. 


AutHouGH there can be no doubt but that the only 
way of obtaining accurate information respecting the 
strength of any particular kind of iron or steel ‘is to 
subject it to directly applied strain, yet there are many 
circumstances under which such a test cannot be con- 
veniently carried out, and where any test which does not 
require age machinery would be extremely useful. 
One rough test of this kind which is frequently used, 
is that of breaking a sample of the material, and judg- 
ing of its quality by the fracture; and another, which 
is not so generally known or employed, is the “acid 
test,” which is carried out. by subjecting samples to the 
action of dilute nitric or sulphuric acid, and noticing 
the result. 

This acid test is particularly applicable when it is 
desired to ascertain the capabilities of the material for 
resisting wear, as, for instance, in the case of railway 
tyres, and we know of at least one railway company 
by whom the test is used for this purpose with advan- 
tage. ‘Thin slices are cut from the-tyres to be’ tested, 
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and the surfaces polished, and these samples are then 
placed-in dilute nitric acid for about twelve or four- 
teenhours. At the end of that time it is found that the 
structural formation of the tyres is very clearly deve- 
loped, the manner in which the piles were built up being 
plainly shown in the case of the iron tyre, whilst in the 
case of those of steel the surface presents a more or less 
honeycombed appearance, according to the fineness of 
the grain of the material. We have known samples of 
Krupp’s steel tyres only exhibit a frosted appearance 
on the surface after a whole night’s submersion in the 
dilute acid, whilst some slices of iron tyres 4%; in. thick, 
submitted to precisely the same test, were eaten com- 
pletely through in some places. Speaking generally, it 
may be said that the power of resisting wear varies very 
much in the same proportion as the power of resisting 
the action of the acid, and the latter also shows clearly 
whether the material is of the same texture throughout, 
and whether it may therefore be expected to wear 
equally. 

At the meeting of the British Association held at 
Bath in 1864, direction was directed by Mr. Sorby to 
a refinement of the acid test, this consisting in the 
application of microscopic photography to the corroded 
surface. Mr. Sorby exhibited a series of photographs, 
taken by Mr. Hoole of Sheffield, from various samples 
of iron and steel which had had their surfaces polished, 
and then acted upon by dilute acid in the manner we 
have described. ‘The photographs were taken direct 
from the microscope, and were largely magnified. In 
the meteoric iron the crystalline nature of the material 
was clearly exhibited, and in the grey pig crystals of 
graphitic carbon were shown shooting through the 
mottled surface of the metal, whilst in refined cast 
iron long lines of hard parts were to be seen arranged 
in layers. Slightly hammered bloom showed a con- 
fused mixture of iron and slag; Bowling bar-iron, a 
compact texture, the slag being driven off; and 
Swedish iron a still closer grain, more resembling 
steel. The different steels also presented entirely 
different appearances, the difference between blister 
and cast steel being strongly marked. Altogether, it 
appears that the acid test is an extremely useful one, 
particularly when assisted by microscopic examination, 
whilst the system of taking magnified photographs, as 
suggested by Mr. Sorby, affords an excellent means of 
registering the results obtained. 








CALCUTTA AND SOUTH-EASTERN 
RAILWAY. 


Soon after there appeared a probability that the 
Mutlah river would, ere long, have established upon 
its banks some new port, that would serve as an auxi- 
liary to the overcrowded port of Calcutta, the necessity 
for the construction of a connecting line of railway 
between the two ports, before the one could derive 
benefit from the existence of the other, became too 
evident to require any demonstration; indeed, it 
would have been impossible for a port on the Mutlah 
to have any existence whatever without the means of 
conveying freight between it and Calcutta. Conse- 
quently we find that the Calcutta and South-Eastern 
Railway was registered under the provisions of the 
Joint Stock Company’s Act of 1856, for the pur- 
pose of constructing and maintaining a railway or 
railways in India, and particularly a line from Calcutta 
to the Mutlah river, together with such wet docks 
and works as might be deemed necessary ; and cer- 
tain powers, similar to those granted to other com- 
panies which had been incorporated, were conferred 
on this company, by Act of Parliament, in July, 1857. 
After an unsuccessful attempt to obtain capital for the 
undertaking, without the assistance of a guarantee of 
interest, that aid was conceded by the Secretary of 
State for India. The operations of the company were, 
however, limited to the line between Calcutta and the 
Mutlah ; interest at the rate of 5 per cent. per annum 
was guaranteed on the capital required for that work, 
which was estimated to cost 250,000/., and a contract, 
embodying the usual conditions, was entered into be- 
tween the Railway Company and the Secretary of State 
in Council, on the 15th of March, 1859. 

The line of railway crosses the low flat alluvial 
formation of the Gangetic Delta, where it is well 
within the influence of the tides, and is about 29 miles 
long. The only river crossed by the line is the Pyallee, 
a large tidal way, requiring, at the point of crossing, a 
bridge of at least 170 ft. span. It was first projected 
to cross this tidal oa with a solid dam, and the 
question of thus closing this river was carefully dis- 
cussed and finally negatived by Government in June, 
1859. The crossing of Tolly’s Nullah is the only 
other work of any magnitude on this line, and the only 





part at which there is any gradient, which was here 


rendered necéssary in order that sufficient headway | 


might be left for the boats passing under the bridge, a 
height of 16 ft. above high water being left for that 
purpose. ‘There are also the crossings of the Entally 
Canal, both for the junction line from the Eastern 
Bengal Railway, and also for the main line leaving 
Sealtah, the metropolitan terminus of the line. 

The earthwork formation of this line was commenced 
in October, 1859, and was nearly two-thirds completed 
before the expiration of the official year 1859-60; and 
up to the same date the permanent way for the first 
3 miles out of Seadah had been laid, and progress 
made in delivering the permanent way alon the line. 
The line itself is for the greater part of its agile laid 
single, but a clear width has been given on every 
bridge-way of 26 ft. 6 in., sufficient for the accommoda- 
tion of a double line of rail. The width at formation 
level of earthwork is 32 ft. The gauge of rails 5 ft. 
6 in., width between tracks, 6 ft. ; form of rail, double T, 
laid upon transverse sleepers of creosoted baltic 10 ft. 
x 10 in. X 5 in, excepting about } mile laid on 
Greaves’ patent pots. 

The bridge over Tolly’s Canal is of a single skew 
span of 128 ft., 100 ft. on the square, consisting of 2 
wrought-iron girders 9 ft. 6 in. high, resting upon 
abutments of brickwork. The plan adopted for float- 
ing the girders into their places was as follows : Each 
girder, weighing about 50 tons, had one end supported 
on a framework 24 ft. high, erected on a cargo flat, 
whilst the other rested on the pivot of a truck running 
on rails behind the abutment; they were then floate 
across the Nullah and successfully got into position. 

With reference to the Pyallee river, it was subse- 
quently determined to fill up the existing stream, and 
cut a new and straight channel, over which a bridge 
should be erected. This work was often much delayed 
in consequence of the unhealthiness of the place ; and 
the appearance of a tiger in the neighbourhood, or an 
outbreak of cholera, was often sufficient to drive away 
in a few days all the labourers which it had taken 
months of unremitting pains to collect. Further delay 
was caused by an accident which occurred on 28th of 
June, 1861, when one of the temporary piers, which 
had been erected to aid in fastening the iron-work of 
the superstructure, suddenly failed, killing several 
persons in its descent, and some months were lost in 
repairing the damage done. Great difficulty was also 
experienced in dealing with the foundations, which 
had to be laid in a soft, sandy, yet most retentive clay, 
and the most treacherous earth possible. After several 
attempts to get in foundations on wells, it was decided 
to sink timbered pits and fill them with concrete, upon 
which the brick abutments were afterwards laid, with 
the iron girders, of which the bridge is formed, resting 
on them. 

The first section of the line, from Calcutta to Chap- 
pawn a distance of 16 miles, was opened on the 2nd 

anuary, 1862, the non-completion of the Pyallee 
bridge forming a gap in the line beyond that point. 
An engine and train of waggons, laden with ballast, 
was passed slowly over the Pyallee in January, 1863, 
and on the 30th April following the first train passed 
over the entire line. On 15th May, 1863, the com- 
plete line from Calcutta to Canning was made avail- 
able for public traffic. 

There are four principal intermediate stations on the 
line, viz., at Jaddapoor, Sonapoor, Chappahattee, and 
Basrah, situated respectively at 5,10, 15, and 20 miles 
from the Calcutta terminus at Sealdah; a small station 
was also subsequently opened at Gurreah-Hat, on the 
north bank of Tolly’s Nullah, 74 miles from Calcutta, 
for y accommodation of the traffic passing along that 
canal, 

The following is a list of the levels along the line 
between Calcutta and Chappahattee: Level 10 miles 
1560 yards: 1 in 400, 1200 yards; 1 in 500, 2 miles 
1493 yards; 1 in 800, 800 yards ; and 1 in 5000, 1660 
yards, The line is straight with the exception of a 
radius of 2640 feet for a distance of 433 yards, and in 
two places it bends 2 miles left for distances of 1 mile, 
966 yards, and 800 yards respectively. 

The total expenditure on this line up to 30th 
April last was 513,412/, whilst the total amount 
raised by the Company was only 473,420/. The 
capital already authorised to be raised amounts to 
600,000/., of which 312,550. is share capital, and 
287,450/7. debentures. Up to the present time 
453,7971. has been sled in England, and only 
19,623/. in India, It is estimated that a further out- 
lay of about 50,0002. will be required on this line between 
the Ist May, 1866, and 30th April, 1867, and that 
609,000/. will be about the ultimate cost of the line when 
finished, with a certain extent of double line, giving 





an average of 21,000/. per mile. During the past 
year, with 28 miles of line open, there were 292,471 
passengers carried, of whom 268,479 were third 
class, 19,115 second class, and 4877 first class pas- 
sengers; 1131 tons of minerals and 14,775 tons of 
general merchandise also were carried. The receipts 
for the year were 8367/. and the working expenses 
11,412/., showing a deficit of 3045/. This is a 
greater deficit than resulted from the previous year’s 
working, which amounted to only 1821/.; but it is 
attributed to the fares having been lowered, other- 
wise it is expected that the results would have been 
sufficient at least to cover working expenses. We may, 
however, with some reason, confidently hope that the 
further development of Port Canning will result in such 
an increase in the traffic of this line as will be sufficient 
in future years, not only to cover all working and 
other expenses, but pve Be to contribute towards 
the guaranteed interest, which now has to be made 
good entirely from the Indian imperial revenues, 








ORDNANCE WITH DIFFERENTIAL Phus. 
SURE BETWEEN CONCENTRIC TUBES, 
To THE Epitor or ENGINEERING, 


Si1r,—I fear that I have unconsciously done Mr. H. Temple 
Humphreys injustice in the remarks I made last week respect- 
ing the originality of his differential gun. He has since shown 
me a copy of a letter he addressed to an engineering firm in 
1860, and of a date prior to that at which my communication 
with him took place, in which the principle of differential pres- 
sure is very clearly described; and as his recollections in this 
matter are likely to be more distinct than mine, and as their 
accuracy is corroborated by other evidence, I am willing to 
believe that in this matter I have been mistaken. In justice to 
him I lose no time in requesting you to allow me to correct the 
error, which might else convey an unfavourable impression to 
those to whom Mr. Humphreys is not known, 

I an, Sir, 
Your obedient Servant, 
Joun Bourne. 

15th August, 1866. 








To tue Epiror or ENGINEERING. 


S1r,—In reference to the letter from Mr. John Bourne, C.E., 
and which appeared in the last number of your journal, I beg 
most emphatically to give an unqualified denial to all the state- 
ments made therein. 

Had Mr. Bourne’s letter simply been one claiming priority of 
invention, I should have paid little attention to it, but as it 
involves the grave accusation of appropriation of ideas, it be- 
comes necessary for me to say that the facts are simply the 
reverse of Mr. Bourne’s statements. 

I called upon Mr. Bourne immediately after reading his letter 
in your journal, and — a copy of the draft of a letter 
from myself to Mr. G. B. Rennie, of the firm of G. and J. Rennie, 
addressed to him just after the expiration of my apprenticeship 
to that firm. 

This letter is dated the 7th March, 1860, i¢., at least 
eighteen months before I had ever interchanged one word 
with Mr. Bourne, and the same time before he alleges he com- 
municated the idea to me. Furthermore, this letter contains 
a complete exposition of the principle of constructing ordnance 
with differential pressures between concentric tubes, and proves 
very clearly that I am not indebted to Mr. Bourne for the idea, 
On the contrary, I communicated the invention to Mr. Bourne, 
who, so far from imputing little value to it, expressed himself 
favourably as to its merits, and even assisted me, by writing a 
description thereof, in more concise Janguage than I could then 
command, to send to the authorities of the War Office, with 
whom I had been in communication, and who had written to 
ine for a more detailed explanation, 

This document, which is in Mr. Bourne’s own handwriting, I 
have fortunately preserved, together with the official corre- 
spondence from the War Office. However, as Mr. Bourne is 
poaeeees that he is wrong, and promises an apology, it is per- 

ps unnecessary to a anything further. 

am, Sir, your obedient servant, 
H. Tempe Humpureys, Assoc. Inst. C.E. 








Tue Paris Exursirion.—lIt has been decided that 
the agricultural machinery sent to the Paris Exhibition 
next year shall be placed outside the main building, 
under a building erected at the expense of the ex- 
hibitors. This auzeze is to consist of a central nave 
30 ft. wide, and side aisles 25 ft. wide, these latter 
being provided with galleries. The clear height both 
below and above galleries will be about 13 ft. This 
building will furnish about 15,000 square feet of space, 
which will be charged to the exhibitors at the rate of 
5s. 6d. per square foot on the ground floor, and 4s. per 
square foot on the galleries. ‘The estimated cost of the 
building is 3265/. It seems scarcely fair that the 
agricultural engineers should be placed on a different, 
footing from the other exhibitors, whose articles are 
accommodated in the main building free of charge, and 
we trust that eventually some other arrangement will 
be made. 

Erratum.—In our last number, in the article on Wilson’s 
furnace, for “30 ewt. per ton” read ¢' per turn.” We may note 
here that the men at Milton are returning to work the new 
furnaces, 
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SUBMARINE TUNNEL FROM ENGLAND TO FRANCE. 
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We last week gave insertion to Mr. George Remington's letter 
on the subject of « tunnel under the Channel to unite England 
and France by railway, and we now give engravings of the plan 
and section. It would appear from Mr. Remington's statement, 
that he has for some considerable time devoted great attention 
to the subject, and that last year, after visiting Dungeness and 
carefully examining the coast, he prepared detailed plans and 
sections of the intended works, which plans and sections were 
duly deposited at the office of the Board of Trade, London, and 
other copies sent to Paris, and duly acknowledged by M. Behic, 
the French Minister of Works. 

From the experience Mr. Remington has had at making ex- 
cavations in porous rocks at Bermuda, when with the Admiralty, 
he is of opinion that it would be impossible to keep down the 
water by any amount of pumping, in an excavation of chalk 
with a pressure such as would be met with in passing under 
the Channel, and that a line of tunnel from Dover would there- 
fore be impracticable. He, therefore, has laid down a line which 
will entirely avoid the chalk and pass through the Wealden for- 
mation of geology, consisting greatly of strong clay, through 
which there would be no difficulty in constructing the tunnel, 
and good brick clay and other useful materials would be obtained 
from the excavations, which would be available for the works. 

The late Captain Washington, R.N., in his report on Harbours 
of Refuge, dated June 25, 1844, states tiat Dungeness is an 
alluvial deposit of clay, covered with a superficial stratum of 
shingle, seldom ening from 8 ft. to 12 ft. indepth. If we 
look at the question in a geological point of view, the import- 
ance of which, we think, has never before been properly con- 
sidered, we may observe, if we remember rightly, that Sir Charles 
Lyall, in his treatise on geology, shows the chalk formation to 
extend from the English coast at Dover under the Channel to the 
opposite shore of France, that there is then a narrow strip of the 
green sand formation at Hythe, followed by the Wealden forma- 
tion comprising the low level of Romsey Marshes, from Hythe 
to Rye, of which Dungeness may be taken as the centre, and 
that this formation extends under the Channel in the direction 
of Cape Grisnez and Bouloghe. And as the Wealden formation 
is always found below the chalk and green sand, we think it 
cannot require the boring-rod to prove the existence of clay, and 





that no chalk would be met with in the line he has selected from 
Dungeness to Cape Grisnez and Boulogne, as that would be con- 
trary to the established science of geology 

The section shows three principal shafts; the first at Dunge- 
ness, the second on the shoal in mid-Channel, and the third at 
Cape Grisnez. These shafts are to be of large dimensions, and 
are to be permanent; the middle shaft on the “ ridge” is to be 
protected by a breakwater formed of rubble and covered with 
ashlars. ‘There would be a number of other shafts put down 
for the purpose of facilitating the construction of the tunnel ; 
these are to be of wrought iron, in the form of hollow piles 
strengthened with plates on the cellular principle, provided with 
proper valves and appliances for sinking into position, and when 
set supported by guy chains attached to strong anchor moorings 
firmly fixed in the bed of the Channel around the piles. 

The line leaves the Marsh level at Lydd, and descends at the 
rate of 1 in 70 to the Dungeness shaft, where the rails would be 
240 ft. below low water spring tides ; the rails would there rise at 
the rate of 1 in 3795 for about seven miles, then fall at the rate 
of 1 in 1200 for about eight miles to the central shaft on the 
“ Ridge,” from thence fall at the rate of 1 in 8265 for eleven 
miles to Cape Grisnez, and thence rise at the rate of 1 in 70 
and 1 in 82, to join the French railways. 

Mr. Remington proposes to construct the tunnel of sufficient 
width for two lines of railway, and, in addition, to provide two 
other smaller tunnels running parallel with the central tunnel, 
for affording proper ventilation and for other purposes. 

_The tunnel will be 26 miles in length from shore toshore, and, 
with the approaches, 31} miles, or 344 miles of railway. The 
reasons for selecting this line are briefly stated as follows: First, 
the aim being to unite London and Paris by the shortest route, 
the line should go by Dungeness; secondly, there is less water 
between Dungeness and Cape Grisnez than between Dover and 
the French shore; thirdly, the Dungeness line would 
through the clay, the Dover line through the chalk formation ; 
fourthly, the line from Dungeness would cross the shoal called 
the Ridge, in mid-channel, which has only 11 ft. of water upon 
it at low water spring tides, and where he proposes the construc- 
tion of an extensive Shaft but between Dover and the French 
shore there is no shoal; fifthly, the approaches to the tunnel 





from the low level of Dungeness would be easier than from the 
high cliffs of Dover. 

And we think that his statement appears to contain so much 
matter of fact as to place the project of a tunnel under the 
Channel entirely in a new light, and beyond doubt as to practica- 
bility and reasonable cost, considering the great object to be 
obtained, and the enormous traffic which would be certain to 
arise, as the line would effect an unbroken chain of communica- 
tion between England and the whole continent of Europe. 
Looking at the plan of the Channel, it must, we think, strike 
every one that Dungeness pow the a point of departure 
for a tunnel to unite England and France by railway. 








Satoon Rartway CARRIAGES.—The Great Western, Great 
Eastern, and London and North-Western Railway Companies 
each provide saloon carriages for the accommodation of family or 
other parties on payment of a certain number of first-class 
fares. On the Great Western line, where there are several 
saloons provided with a compartment for servants, and other 
conveniences, eight first-class fares are charged for the use of 
one of these carriages, which will be sent to any part of the 
line to order. On the Great Eastern line the charges are some- 
what similar. The Great Eastern family carriages, as they are 
called, are 24 ft. long, that length being divided into a main 
saloon, a retiring-room furnished with washhand stand, water- 
closet, &c., and two end compartments, one intended for 
luggage, and the other fitted up as a second-class compartment 
for servants. The arrangement of the Great Western saloons, 
of - of which we intend to publish engravings shortly, is very 
similar. 

Apams’s Sprinc Trres.—Messrs. Sharp, Stewart and Co., 
are now making six engines for the Calcutta and South-Eastern 
Railway, three of which are to be fitted with Mr. W. B. Adams’s 
spring-seated tyres. 

Biow1nc-Encing Pistons.—Mr. Ramsbottom’s blowing- 
engines, at Crewe, of which we gave some leading particulars in 
our account of the meeting of the Institution of Mechanical 
Engineers, at Manchester, a fortnight ago, have the pistons of 
the blowing cylinders packed with box-wood, placed with grain 
end on, the packing being 5 in. wide. 
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HOLT’S SUPERHEATERS 














UAVSAE CLALIT 
AANA 
AAHOTA 
AH 

ON CL 

AA 
IN 
I 


a 


We alluded in a paragraph last week to a form of super- 
heater, which is being extensively applied by Mr. C. H. Holt, of 
Huddersfield, and now give an engraving of one of them as 
applied to a Cornish boiler. As will be seen by Fig. 1, the 
superheater is placed opposite the end of the internal flue, and 
consists of a number of wrought-iron pipes, § in. bore, bent into 
the form of a long Y, and having their ends screwed into a cast- 
ing set in the brickwork at the top of the end flue. This 
casting consists of two horizontal Q-shaped chambers placed side 
by side, the steam being led into one of them by a branch from 
the boiler and passing thence through the U-shaped wrought- 
iron pipes to the other division of the casting, and thence to the 
engine. The manner in which the U-shaped pipes are secured 
in the casting is shown in Fig. 1, trom which it will be seen 
that their ends are screwed, and surrounded by short tubes 
themselves screwed on the outside, and furnished with a nut- 
head, by means of which they can be screwed into the casting. 
As we mentioned last week, there are, amongst other places, 
now twelve of these superheaters at work at Saltaire, the steam 
being supplied from the boilers at 270° and superheated to from 
500° to 600°, a temperature which is, however, reduced to 800° 
by the wiredrawing action of the throttle-valve before the steam 
reaches the engine. These superheaters are very simple, and 
appear to do their work well. 








Tue Lonpon WATER Compantes.—Great increase is now 
being made in the pumping power of the various London water 
companies. The Lambeth and Chelsea companies, who 
have two pairs of Simpson’s double cylinder engines at their 
works at Kingston, are each putting up an additional pair, and 
are making arrangements so that a fourth pair can be added at 
some future time; whilst the Southwark and Vauxhall Com- 
esd intend erecting a 112 in. cylinder engine either at Battersea- 
fields or Hampton. The East oe Company are completing 
new works near Tottenham. On the occasion of the Thames Navi- 
gation Bill being brought before Parliament a short time since, 
the five water companies drawing their water from the Thames 
offered to pay each 1000/. a year (in place of the nominal sum 
of 300/., as at present) for the privilege of doing so, on condition 
of arrangements being made to divert all sewage from the 


Thames above the points at which their supply istaken. This | . 


annual payment of 5000/. will, when capitalised, place a large 
sum at the disposal of the Thames Commissioners to be ex- 
pended in the executionof works for the improvement of the 
river, notwithstanding which ‘the arrangement was opposed by 
them. Eventually, however, the water companies carried their 
point, and the amended Act will come into operation in two 
years from the present date. 

Ramspotrom’s WATER TrouGus.—The water troughs laid 
down on the London and North-Western Railway, at Bushey, 
according to Mr. Ramsbottom’s system, to enable the engines to 
take up the water whilst running, are now supplying 60,000 
gallons per day, and enable a saving of dead load equal to one 
carriage to be effected on each train. Mr. Ramsbottom’s troughs 
have proved a great success; they are but little trouble to 
maintain in good order, and are much liked by the drivers. 


We believe that it is very generally supposed that the London | e 


and North-Western Company have the exclusive right to use 
this and Mr. Ramsbottom’s other patents ; this, however, is not 
he case, Mr. Ramsbottom having the power to grant lice 

t 4 bang 4 — 
for any of his patents, entirely at his disposal. 
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ROBOTHAM’S CAST-IRON ABUTMENTS. 

WE give in the accompanying engravings an arrangement, 
with details, of some cast-iron abutments, constructed 
according to a system patented by Mr. W. D Robotham, of 
Doncaster. Mr. Robotham proposes to substitute for the 
ordinary abutments and wing walls a structure composed of 
cast-iron plates bolted together, these plates being stiffened by 
ribs on the inside, and being retained in their places by bracing 
and by ties secured to screw piles. The system is specially 
intended for application under circumstances when a bad or 
insecure foundation for ordinary walls could be obtained, or 
where cofferdams would be necessary, and it might also be 
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and the others being secured to anchor piles sunk in the rear of 
the abutments. 

The abutments shown in our illustration are of the ordinary 
shape, although Mr. Robotham would prefer making the face of 
the abutment of a segmental form, with a batter of about 2 in. 
to the foot, the pilasters being constructed as shown, and the 
wing walls having a batter of 3 in. to the foot. The abutments, 
of which engravings are given, are intended for a bank 24 ft. 
high, with slopes of 14 tol. The plates forming the bottom 
row are 14 in. thick, with lin. feathers; those of the second 
row lin. thick, and those of the third row in. thick, the 
feathers being in each case lin. thick. The pilasters which 
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applied with advantage upon even good foundations in cases 
where masonry is expensive and the necessary materials for it 
difficult to procure. ‘he cast-iron abutments and wing walls 
are formed by inserting a number of cast-iron screw piles in the 
line of the walls, and upon these bolting a series of cast-iron 
—~ these plates being fitted together before leaving the 
a. The pilasters supporti e bearings of the girders are 

in a similar manner, the form being that of a hollow box 
with internal ties. The abutment and wing walls are sur- 
mounted by an ornamental moulding bolted to them, and they 





are retained in their position by ties arranged as shown in the 
plan, some of these ties extending from one wing wall to the other, 








bear the weight of the girders are 2 in. thick, and the main piles 
1 ft. 6 in. in diameter, and 14 in. thick. The wing wall piles are 
12 in. in diameter, with a very large and strong screw. The 
weight of the materials — is estimated as follows: Screw 
piles, 88 tons; wall plates, about 84 tons; pilasters, 67% tons; 
wrought-iron tie rods, 54 tons, and bolts 84 tons; and the cost 
is taken as rather under 2600/. One objection that might be 
urged against the use of the cast-iron abutments, is that the tie 
rods might be injured by the settlement of the earth in which 
they are embedded; but, notwithstanding this, there are no 
doubt many situations in which the system might be applied 
with economy and success. 
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RECENT PATENTS. 


Aw unusually large number of specifications have 
been published this week, and it will not be long, at 
the present rate, before the arrears will be fully brought 
up. Among those published, there are, too, a large 
number of interest and probable value, but our notices 
of them must, from their very number, be briefer than 
usual. We shall, however, illustrate several ‘of these 
patents next week, believing, as we do, that their im- 
portance demands further notice. We have added to 
the numbers the price of each specification, so that any 
one may procure it from the Great Seal Patent Office, 
Chancery-lane, on remitting stamps for the amount. 
It should be remembered that all the numbers given 
are for the year 1865. 

(No. 2705, a.p. 1865, price 10d.) E. E. Middleton, 
of Duke-street, St. James’s-square, must pardon us if 
we doubt his claim to rank his invention, if it be his, 
among those of probable value. It is the old scheme 
of suspending telegraph cables at 100 ft. below the 
surface of the water, by buoys of exactly such specific 
gravity—supposing it were possible—that they would 
float at a given depth below the surface. The buoys 
are, however, to be anchored to the bottom. 

(No. 2711, 10d.) W. B. Haigh, of Oldham, and 
William Bissell, of Wolverhampton, have taken a 
patent, which strikes us as untenable, for adding to 
planing machines for wood an extra box, with drawer 
and fixed knife, for finishing boards and mouldings. 
It appears to be the same fixed cutter as that proposed 
by Bramah, and patented in 1827 by Malcolm Muir. 

(No. 2714, 4d.) Thomas Cooke, of York, and 31, 
Southampton-street, Strand, patents an improvement 
in aneroid barometers. It consists in the substitution 
of a gold, platinum, or other wire for the chain now em- 
ployed in the indicating gear. 

‘No. 2717, ls. 2d.) Those interested in the sugar 
manufacture may as well know that Biessy’s patent 
for preparing cane is for the cane used in chair- 
making. 

(No. 2719, 4d.) Isham Baggs, of 54, Chancery- 
lane, patents a curious mode of preparing hydrogen 
gas by the decomposition of steam. If steam be de- 
composed upon incandescent iron filings, these are im- 
mediately oxidised, and in that state they will decom- 
pose no more steam. So Mr. Baggs, after he has oxi- 
dised his filings or turnings and bottied up his hydro- 
. gen, passes carbonic acid through another retort 
charged with incandescent coke ; the acid becomes car- 
bonic oxide, and this is passed over the iron turnings, 
and the result promised is that they shall be at once 
deoxidised, and be thus ready for a fresh decomposition 
of steam. These alternate processes are to go on ad 
infinitum, as Mr. Baggs believes. 

(No. 2724, 1s.) J. D. Frazer, of Wednesbury, pa- 
tents a railway chair, in which the two cheeks or 
horns do not grasp the rail at points opposite to each 
other on the two sides. One horn is placed a-head of 
the other, so that when the treenails are drawn, the 
chair can be slewed around and slipped off the sleeper 
and taken away from below, without lifting the rail. 

(No. 2725, 1s. 4d.) J. H. Dickson, of Great Dover- 
street, Southwark, patents fluted rolls, and a fluted re- 
ciprocating bed plate for breaking the woody part of 
flax, straw, &c., and separating the fibre. 

(No. 2728, 1s. 4d.) Isaac Roberts, of Liverpool, 
patents a pug-mill for tempering clay. The conical 
casing has a great number of fine slots cut through its 
thickness. The tempered clay is forced through 
these, the stones and coarser particles falling to the 
bottom. An apparatus is also specified for delivering 
the clay to the brick moulds. 

(No. 2720, 2s.) L. D. Girard, of Paris, patents 
improvements in his sliding railway, of which we have 
so often read in the newspapers. The carriages are to 
slide along narrow tramways kept flooded with water. 
The patent is chiefly for details for preventing actual 
break of the joints of the rails where, every 100 yards, 
the allowance is made for expansion and contrac- 
tion. It will be understood that the railway must be 
level, or nearly so. M. Girard patents also water 
axle-boxes, where the journal is supported, or nearly 
so, by water forced in under pressure. 

(No. 2731, 10d!) William Parsons, of Toronto- 
terrace, Brighton, patents a Y-shaped morticing tool 
for wood, which is to be canted to such an angle as to 
bring one or the other face vertical as required, the 
object being to save turning the tool to clear the ends 
of the mortise. We think the tool and the mode of 
fastening it objectionable from want of stiffness, and 
we see no real advantage to be gained by it. 

(No. 2738, 4d.) Alexander Parkes, of Birmingham, 
the patentee of Parkesine, patents drawing copper elec- 
trical conductors upon a core of iron or steel wire, and 





insulating them with Parkesine, composed of 100 parts 
cotton dissolved in 150 parts of castor-oil and 50 of 
camphor. 

(No. 2738, 8d.) Alexander Chaplin, of 11, Adam- 
street, Adelphi, London, patents the boiler illustrated 
on page 295 of our last volume. 

(No. 2741, 4d.) William Clark, of Chancery-lane, 
patents the use, often proposed, of zosfera marina and 
other seaweeds for paper-making. They are to be 
repeatedly and damtally washed, and then ground 
into pulp. 

(No. 2751, 10d.) George L. Scott, of Manchester, 
patents an apparatus for moulding the teeth of wheels, 
pulleys, &e. A central post is driven vertically into 
the foundry floor, and carries a radial arm with ad- 
justible parts for moulding wheels, &c. 

(No. 2756, 1s. 4d.) T. R. Crampton, of Great 
George-street, patents a mode of forming floorings of 
plate metal so corrugated and joined as to present 
grooves with straight inclined sides, instead of being 
curved in the usual form of corrugated metal. 


(No. 2757, 8d.) Alfred Krupp, of Essen, patents | 
projectiles, with chisel-formed fronts for cutting armour | 


plates. In other cases, the shot are to be cut off with 
three or four inclined sides, so as to have a pyramidal 
front. 

(No. 2759, 3s. 6d.) Edmund Hunt, of Glasgow, 
patents a steam engine which, we fear, we could not 
describe in words, and it is not even easy to under- 
stand it from the drawings. We have mastered it, 
however, and we cannot admit that the plan is a pro- 
mising one. It covers a mode of driving a propeller 
shaft by means of two or more cylinders placed paral- 
lel with the shaft, the connecting rods taking upon a 
wabbling crank, like that in the disc engine. 

(No. 2760, 8d.) James Johnson, of Stoke-upon- 
Trent, patents a mode of forming crossing points so as 
not to cut the ends of the rails so thin as in the pre- 
sent plan. ‘The flanges of one rail are to be chan- 
aid out with taper channels, which are to receive 
the flanges of the other rail to which it is bolted. 

(No. 2761, 6d.) George Davies, of 1, Serle-street, 
Lincoln’s-inn-fields, patents as a communication from 
A. Egenton, of Philadelphia, the use of a steam jet, 
and elastic pipe, to clear out the soot from the tubes of 
tubular baller, This is very old. 

(No. 2762, 10d.) Henry Wilde, of Manchester, 
patents variations of, and minor details of, his machine 
for producing great quantities of induced electricity, 
which is already the subject of so many patents. He 
also refers to uninsulated submarine telegraph con- 
ductors—simple galvanised iron wire of large section, 
although we are not exactly informed how these are to 
transmit currents over long distances. 

(No. 2763, 8d.) H. B. Barlow, of Manchester, 
patents, as a communication, apparatus to take the 
place of Roberts’s quadrant for winding on in self- 
acting spinning mules. 

(No. 2765, 10d.) Willoughby Smith, of the 
Gutta-percha Works, Wharf-road, patents the mode 
practised on board the Great Eastern of maintaining 
constant insulation tests, and communication with the 
shore during the laying of the cable. 

(No. 2771, 3s. 8d.) Thomas Greenwood, of the 
well-known firm of Greenwood and Batley, of Leeds, 
patents a complete set of machinery for making 
wooden railway wheels. There are seven sheets of 
drawings. Messrs. Greenwood and Batley have lately 
completed this machinery for Messrs. Kitson’s Wheel 
and Axle Works, at Leeds, which are understood to be 
now among the most complete in the kingdom. 

(No. 2773, 8d.) John Garnett, of Windermere, 
patents a contrivance for producing circular motion, 
which is merely a tipping table, upon which a work- 
man stands at a printing press. In stepping to the 
inking table, the tipping Bull acts through rods 
and cranks to move the inking rollers. 

(No. 2776, 1s.) T. B. Jordan, of Milton Cottage, 
South Lambeth, patents the pipe boiler, now being 
introduced by Messrs. Hayward Tyler and Co., and 
illustrated on page 348 of our last volume. 

(No. 2778, 10d.) James Combe, of Belfast, patents 
holding down springs in place of weights for the 
rollers of flax machinery. 

(No. 2780, 8d.) F. H. Gossage, of Widnes, near 
Warrington, patents pyrometers in which the tempe- 
rature is ascertaiued by the descent of a metal rod into 
a case containing an alloy prepared to melt at a given 
temperature. The apparatus is schemed to prevent 
the access of air to the alloy, which would otlierwise 
be oxidised, and the rod is made to register its move- 
ments upon a card. We do not see what is to bring 
it up when the alloy solidifies. 

(No. 2781, 10d.) Stephen Cotton, of Leeds, patents 
details in flax hackling machinery. 


(No. 2782, 8d.) James Buckingham, of Westmore- 
land House, Walworth-common, —— means for 
iving additional gripping power to large scroll chucks. 
inching screws are to be used in addition to the dog 
screws. For four or six jaws he forms these in pairs 
upon opposite ends of a right and’ left-hand screw 
crossing the face of the chuck diametrically. Not new. 
(No. 2786, 10d.) Henry Larkin, of No. 6, Tor- 
riano Cottages, Leighton-road, N.W., patents the use 
of magnesium powder for magnesium lights. We fear 
there would be difficulty in retaining it, unoxidised, 
in the form of powder. 

(No. 2789, 3s. 10d.) William Whittle, of Har- 
borne, Staffordshire, files a bulky specification of nail- 
making machinery. 

(No. 2791, 4d.) R. D. Dwyer, of Liverpool, pro- 

oses to coat the bottoms of ships with an elastic, ad- 
aioe, and partly soluble mixture, consisting of 9 parts 
tallow, 2 rosin, 1 potash, 1 red lead, and three of 
roman cement. 

(No. 2793, 4d.) Edward Meldrum, of Bathgate, 
N.B., patents cellular retorts for distilling coal and 
shale. Every alternate compartment is to be filled 
| with coal to be distilled, the intermediate compartments 

to be filled with fuel. The compartments are to be 
worked alternately as furnaces and retorts, the coke 
left from distillation being afterwards consumed iz siti, 
in heating the retorts on either side. 

(No. 2795, 1s.) ‘This is an additional patent of an 
important series now held by Wm. Deakin, of Great 
Barr, Birmingham, and J. B. Johnson, for improve- 
ments, partly illustrated in our last number, for making 
ordnance. For the convenience of those who are 
especially interested, we may note that this series of 
patents comprises Nos. 1023 and 1024 of the year 
| 1863, Nos. 139 and 2784 of a.p. 1864, and Nos. 1341 
and 2795 a.p. 1865. 

(No. 2796, 8d.) A. V. Newton, of Chancery-lane, 
| as the agent of the Washoe ‘Tool Company, New York, 
patents forming a prolonged socket on the inner face 
| of a miner’s pick, so as to give additional support to 
; the handle. 
(No. 2798, 2s.) D. P. G. Matthews, of Newport, 
| Mon., patents some very complicated forms of sand- 
| boxes for locomotives. These boxes are schemed to 
separate the fine sand from the coarse, throwing away 
the latter, but we think this should be done before the 
sand is taken upon the engine. The simplest and best 
form of sand-box has long been in use upon the North 
London Railway. 

(No. 2802, 10d.) TT. F. Cashin, of Sheffield, and 
Mr. Allender, of Parkgate, patent an eccentric buckle 
|or fastening for the ends of driving straps. We fear 
| the pinch of an eccentric roller would be insufficient 
| after the strap had been a little time in use, although 

there are screw clamps which, by their friction, holds 
| the ends of belts securely together. 











(No. 2808, 10d.) Robert Cassells, of Glasgow, and 
| Thomas Morton, of Motherwell, N.B., patent a pud- 
| dling furnace which is, we think, a disguise of Wilson’s. 
|The coal is fed and air is admitted at the top, and a 
ihanging bridge forces the air down over the fuel. 
| There is a horizontal firegrate to support the fuel 
| below, but little or no air is admitted through this 
| grate, and the coal is to be raked forward by hand, the 
| fireman working through a side hole. 

(No. 2804, 1s. 4d.) Arthur Deslandes, of Man- 
chester, patents as a communication an arrangement 
of cranes ina foundry for pipe casting. We hardly 
think the arrangement patentable. 

(No. 2805, 1s. 8d.) Charles Emmett, of Dalton, 
near Huddersfield, patents improvements in steam 
hammers. There is self-acting reversing gear, there is 
a valve gear to be worked by the foot to enable the 
| attendant to give an adjustible blow; there is an ap- 
| paratus whereby the hammer is to be used for rivetting 

up boilers, and an arrangement for setting the whole 
| hammer over to an angle, as in Davies’s steam striker, 
| to strike obliquely upon the work. The anvil, too, is 
| to be movable by means of a screw or screws, so as to 
adjust the work accurately to the blows. 

(No. 2806, 8d.) Moses Bayliss, of Wolverhampton, 
specifies a spike machine. 

(No. 2807, 1s.) W. E. Newton, of Chancery-lane, 
jas the agent of J. B. Eads, of St. Louis, US., 
| patents a wonderful steam engine, in which the 
| cylinder is to surround the shaft, the reciprocating 
| motion being converted into rotary motion by a system 
of right and left-hand screws. 

(No. 2808, 10d.) H. Y. D. Scott, of Ealing, pro- 
poses to deodorise. sewage water by first mixing it 
with lime in a tank, and then running off the super- 
natant liquor into another tank and treating it with 
sulphate or perchloride of iron. The chemistry of 
this treatment is explained at some length. 
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(No. 2817, 10d.) A. V. Newton, of Chancery- 
lane, patents.a machine for dressing mill stones. 

0. 2820, 1s.) James Cross, of 4, Napier-place, 
Dalston-rise, N.E., patents a mortising and tenoning 
machine, in which the tool can be.turned over “ topsy- 
turvey,” as the patentee expresses it. 

(No. 2824, 10d.) Campbell, Coote and Wolffram, 
of Blackheath, patent a drying-house, with rails, 
trucks, &c., for drying peat, but we quite fail to see 
wherein the novelty consists. 

(No. 2833, 10d.) James Webster, of Birmingham, 

atents'an apparatus for carrying out a mode now fol- 
lowed in America, for making illuminating gas from 
turpentine, naphtha, &c. Common atmospheric air is 
forced through those substances and thus carburetted. 
On. ignition the carbon is burnt, the air being in 
mechanical mixture only with it, and serving merely 
as a vehicle to carry it through the burners. 

(No. 2835, 1s.). Henry Bessemer patents the 
mechanical puddling of ordinary irons, such as those 
ofthe Staffordshire, Welsh, Cleveland, or Scotch dis- 
triets, then partly recarburising them by exposure to 
carbonic oxide gas under a high heat, and then melting 
and converting the metal, now in a great measure puri- 
fied from sulphur and phosphorus, in the Bessemer 
converter. 

(No. 2837, 1s.) J. J. McComb, of Liverpool, 
patents a screw and lever baleing press, in which, 
furthermore, a falling weight is employed to first com- 
press the material to be baled. 

(No. 2838, 4d.) J. B. Elkington, of Birmingham, 
patents a mode of using unrefined copper for electro- 
plating. Copper ore is to be subjected to high heat 
until the metallic portion runs together. The mass, 
when cooled, is to kon the positive pole of a battery 
for electro-plating. 

(No. 2839, 6d.) R. Smith, jun., of Belper, near 
Derby, patents driving the lower stone of flour mills, 
and supporting the upper stone upon “gimbals, so that 
it may have a certain lateral motion as the flour is 
being ground beneath it. 

(No. 2840, 10d.) George Wilson and W. K. 
Hydes, of Sheffield, patent a railway carriage draw and 
buffer spring combined in one cylindrical case, around 
a central draw rod. The buffer is single and central, 
as in the American railway carriages. 

(No. 2845, 4d.) Henry Radcliffe, of 6, Adam- 
street, Adelphi, London, patents, from what we can 
see, the identical electrical apparatus now in use in 
rallwsy trains for signalling from the passengers to the 


guard. 

(No. 2848, 8d.) William Brett, of the Hertford 
Gaspert patents a neat form of tipping barrow for 
coke. 

(No, 2849, 10d.) P. B. O'Neill, of St. Mary’s 
Villa, Fulham, patents a self-acting apparatus for feed- 
ing boilers. There is a stone float, and its rise and 
fall are to let on and turn off steam and water respec- 
tively, like a piece of clockwork. We doubt both the 
novelty and the trustworthiness of this apparatus. 

(No. 2856, 8d.) Joseph Whitworth, of Manches- 
ter, patents metal disc strapers, to be placed at the 
front of the powder charge or at the base of the shot, 
in ordnance, so as.to keep the bore clear of deposit 
from the powder. 

(No: 2860, 10d.) R. C. Mansell, of Ashford, Kent, 
patents modifications of his tyre fastenings. ‘ 








. MONITORS versus BROADSIDES. 
To tue Epitor or ENGINEERING. 

Stz,—The following remarks, criticising a. letter of 
oné of ~~ correspondents, have lately been transmitted 
to me by a friend in America, and they seem to me to 
be so forcible and conclusive, that it has occurred to 
me that you might wish to lay them before your readers, 
although such has been the progress of opinion in this 
country in favour of the monitors, that some of the 
objections replied to will now be considered obsolete. 

Iam, &., 
Joun Bourne. 





The tabular comparison. between monitors and 
broadsides by. T. J. E., and which appears in the 
columns of ENGINEERING, is far from correct. As to 
“ cake powder,” allow me to assure you once for all 
that it is not used in the American navy. Nothing 
but regular cannon powder, manufactured at the famous 
Tegoat Mills, is eee in ships or monitors. The 

an cake powder has been used only for experi- 
mental purposes by that officer, chiefly in experiments 
with guns connected with the sea-coast defences. Re- 
garding “Jiability to. jam,” the assertion that this 
ifficulty frequently occurred during the war, is quite 





erroneous. Some trifling difficulty was experienced in 
one or two instances during the first attack on Charles- 
ton; but not even then were the guns prevented from 
doing their full duty. The assumption that the monitors 
are not handy, is an assertion based upon imperfect 
information respecting their real qualities. There are 
no vessels of any class which can turn more quickly 
than the monitors, on account of their large Vebiiool 
rudders. Hence, if the turrets were temporarily ren- 
dered stationary, these vessels would be as formidable 
to an enemy as broadside vessels. ‘The supposition of 
the writer in EnGrinrErine, that the ports of one 
turret might point towards the other turret just at the 
moment of sticking, is propounded in ignorance of the 
fact that the turrets are never turned in the manner 
supposed. The rotation is such that the ports move 
from, not towards the sister turret when half a turn is 
required. The opponents of the monitor system, if 
they reflect on the probable issue, will derive but little 
comfort from the supposed sticking of a turret. So 
handy are the monitors, that officers best acquainted 
with their properties, propose to fight bow on, without 
taking the trouble to turn the turret from a position 
with guns pointing forward. That this may be suc- 
cessfully done, will be understood if we consider that 
the steering wheel is in the pilot-house above the 
centre of the turret, enabling the commander to direct 
the helmsman and gunners simultaneously, 

In the American reply to the writer on “ Great 
Guns,” the initial velocity of the 20 in. solid shot is 
computed from the performance of the XV in. gun. 
The velocity was estimated at 1213 ft. per second with 
100 lb. charge. A friend has just put into my hands 
“ Buckner’s Tables of Ranges of Navy Guns,” ap- 
proved by the Ordnance Bureau. The mean initial 
velocity is put at 1200 feet per secoud in those 
tables. I have cut out and sent to you the intro- 
ductory remarks, which may prove useful to you 
from their simplicity and compactness. The dynamic 
force developed by the combustion of 1 lb. of gun- 
powder in the 20 in. gun, was estimated at 230,342 
ft. lb. Substituting the initial velocity of 1200 ft. 
stated in the tables approved by the Ordnance Bureau, 


we have —— = 99500 ft. fall x 1000 Ib. 


shot = 22,500,000 ft. Ib. total dynamic force imparted 
to the shot, or 225,000 ft. lb. for each lb. of powder, 
against the above 230,342, showing a difference of 
only 23 per cent. 

The assertion that the Bellerophon may run down 
the Dictator, because the latter is low in the water, is 
one of those haphazard assertions more easily made 
than justified, and it will be found, on careful investi- 
gation, to break down entirely. The Dictator is a ram, 
and turns with extraordinary rapidity. Would her 
commander then omit to put her bow directly against 
her assailant? And what would be the result of the 
concussion? I say that the result would be that the 
Bellerophon’s bow, which has nothing of adequate 
strength to sustain it on the inside, would be crushed in 
by the Dictator’s beak, which is supported and backed, 
in a direct line, with 1000 tons of deck and side armour. 
There is not anything afloat constructed by man that 
could stand a shock from the beak of the Dictator or 
Puritan. The side armour of the ram ships is curved 
inwards for a distance of 50 ft. from the bow, thus, 


ee 
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the effect of which will be to make the side armour 
hug the ship, instead of buckling outwards during 
ramming. ‘That the guns of the monitor turrets 
“cannot be very much depressed,” is quite a novel 
objection. Sailors generally complain because they 
are so nearly level with the water as to require no de- 
ression. ‘I'he machinery for turning turrets, “always 
iable to be deranged,” has never been deranged in 
vessels that have been in nearly thirty engagements. 
“A large hole is cut in the deck,” says T. J. KE. Not 
a single deck-beam is cut in the monitors. Ammunition 
is passed through and ingress and egress is effected 
through hatches placed between the deck-beams. 
“ Firing through the deck and want of seaworthiness,” 
call for no refutation. The strength of the vessel “ con- 
sidered as a girder,” will be seen on estimating the 
support obtained from the armour shelf, a flange 4 ft. 
wide, riveted and extending round the entire hull. 
Then we have to add the stiffening effect of the armour 
imbers, which are scrarfed and firmly bolted together, 





not to mention the armour plating, which is lapped 
and bolted. 

Captain Ericsson has received instructions to supply 
15 in. gun carriage slides and training gear for the 
Dunderberg, precisely resembling the plan figured in 
ENGINEERING. 

The account of the supposed terrible ordeal to which 
Brown and Co.’s. 9 in. armour plate was subjected the 
other day, is quite amusing: 30 lb. of powder behind 
an 8 in, steel bolt weighing 152 lb. Wonderful plate 
that could stand the shock! To say nothing of the 
9 in. long ‘8 in, diameter plug in the plate, which by 
its inertia swallowed up nearly half of the vis viva of 
the bolt, the initial velocity, it will be seen by cal- 
culation, was 500 ft. per second short of what was 
necessary to punch a hole through the plate. 








MINERAL PRODUCTIONS OF THE UNITED 
KINGDOM. 


Tue mineral statistics for 1865 have been completed by Mr. 
Robert Hunt, of the Museum of Practical Geology, and will be 
in the hands of the public in a few days. ‘The 7'imes is en- 
abled, however, to anticipate the publication. Sir Roderick Mur- 
chison, as director-general of this establishment and the Geo- 
logical Survey, in his introductory notice, draws attention to 
the remarkable increase in the production of coal during the 
past year, and to some tables which, he states, ‘ give a more 
correct view of the progress of our coal and iron industries than 
any statement which has hitherto been published.” The im- 
portance which attaches to everything connected with coal at 
the present time induces us to commence our notice with it, al- 
though the coal returns form Part 2 of the ‘ Mineral Sta- 
tistics :”” 


Durham and Northumberland 


Tons produced, 
vee 25,032,694 


Cumberland . 1,481,047 
Yorkshire Pe, eee 9,355,100 
Derbyshire pe «ee 4,595,760 
Nottinghamshire 1,095,500 
Leicestershire , 4 965,500 
Warwickshire ,., pas ae it 859,000 
Staffordshire and Worcestershire ,,, ee» 12,200,989 
Lancashire oe we eee ose 11,962,000 
Cheshire ... ‘ ae 850,000 
Shropshire dat ooo sos ose ees 1,135,000 
Gloucestershire and Somersetshire ». 1,875,000 
Monmouthshire ,,, eee ine ood eee 4,125,000 
South Wales J . 7,911,507 
North Wales ee 1,983,000 
Scotland ... +» 12,650,000 
Ireland ,., 123,000 

Total produce of the United Kingdom ,,, 98,150,587 


This gives an increase of 5,362,709 tons of coal in 1865 
over our production in the previous year. We find from the 
tables alluded to that in the last five years the quantities ex- 

rted and retained for home consumption have been as fol- 


OWS: 
Used for each head of 


Exported. Retained. the population, 

Tons. Tons. Tons, cwts. qrs. Ibs. 
1861 ... 7,855,115 ... 77,657,029 .. 3 7 2 6 
1862 .,. 8,301,852 ... 75,202986 .. 3 4 1 2 
1863... 8,275,212 ... 79,890,253 ... 3 8 i; @ 
1864 . 8,809,908 ,,, 83,852,965 ... 3 1 0 21 
1865 9,170,477 ,,, 88,980,110 .,, 3 13 2 24 


It is therefore evident that the largely increased quantity of 
coal produced is consumed in our own manufactures, in our 
commerce, or for domestic fires. Mr. Robert Hunt shows, by 
another tabular statement, that for the same five years there 
have been used for every branch of our iron manufacture the 
following quantities: 

Coal consumed Leaving for all 
in making iron. other purposes. 


Or for each head 
of the population, 


Tons. Tons, Tons. cwt. qrs. lbs. 
1861 ... 22,273,762 .., 55,383,267. ... 2 7 3 3 
1862 .,, 23,552,107 ... 51,650,879 .. 2 38 0 18 
1863... 27,013,082 ,,. 52,877,171 .. 2 5 2 2 
1864 .,, 28,715,439 . 55,137,526 ... 2 6 0 3 


1865 ,,, 28,783,052 .,, 59,197,058 .., 2 9 0 8 

For the purpose of rendering this history of the coal trade 
as complete as ~— within the limits to which at present 
the inquiry could be extended, returns of all the’ coals brought 
into London since 1834 are given, a detailed statement of all 
the colliers sending coal to the metropolitan district since 1854, 
and the prices of Newcastle and Sunderland coal in the London 
market during each month since the year 1832. From these we 
find that in 1834 by sea and canal London received 2,080,547 
tons, and in 1844 2,563,166 tons. In 18465 the railways began 
to bring coal to London, the quantity in that year being 
8,461,199 tons. In 1854 there was ansadvance to 4,378,732 
tons, and in 1864 to 5,476,426. The quantity bronght 
within the metropolitan district last year being 5,909,940 tons. 

Iron.—Of iren ore we appear to have raised from our iron 
mines and collieries 9,910,045 tons, which is valued at the 
pice of production at 3,324,804/. 13s. 2d. This was used to 

eed 656 blast furnaces, from which flowed forth 4,819,254 
tons of pig iron. Of this we exported 543,018, and upon the 
remainder 6407 puddling furnaces, and 730 rolling-mills were 
— in converting it into finished iron. 

‘Tin.—The quantity of tin produced in £865 was larger than 
that obtained from our tin mines in Cornwall and Devonshire in 
any previous year, amounting to 15,686 tons of tin ore, of the 
value of 867,435/., from which 10,039 tons of metallic tin was 
obtained. ‘The quantities of tin ore produced during the 
previous five years has been as follows: 


Ore raised. Price per ton of ore. 
Tons. o & 
1860 10,462 71 ii 
1861 11,640 62 7 
1862 14,127 59 14 
1863 a bee 15,157 ose - 63 12 
1864 ove 16,211 ooo ooo 60 17 
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This increase of production has strangely kept pace with a 
steady decline in price, until in 1865 the mean average price 
was 551. 6s. The system under which our tin mines have long 
been worked renders it necessary to meet the exigencies of the 
share-market, that at any cost calls should be avoided and 
dividends declared. Hence, as the price has fallen, each mine 

poured more tin into the market to put off for a short season 

the evil day which must soon arrive. Seeing that very large 

uantities of tin are steadily arriving in this country from 

ome and Billiton, and that the Dutch merchants hold 

7690 tons of tin, available for the coming twelve months, 

there is no hope of any increase of price, until necessity, by 
closing many of our productive tin-mines, reduces the supply. 

Copper.—The copper mines of Great Britain and Ireland pro- 
ausol last year 198,298 tons of copper ore of the value of 
927,938/. From this 11,888 tons of copper were smelted, which 
had a value of 1,134,6642. The production of British copper 
ores has been for some time steadily declining—the ores, as 
shown by a table given, are becoming poorer, and the price 
which was for Cornish copper ores in 1856, 6/. 2s, 6d., has fallen 
to 41. 15s. in 1865. The imports of foreign and colonial copper 
have been very large, that of copper ore amounting to 82,562 
tons, and of regulus to 39,686 tons, while cake and manufactured 
copper have also been largely imported. 

Lead.—The total quantity of lead ore raised in the United 
Kingdom in 1865 was 90,452 tons, from which we obtained 
67,181 tons of metallic lead, and 724,856 oz. of silver. 

Zine.—The ores of this metal—blende and calamine—have 
been raised more freely, owing to a slight advance in the price 
of the ore, than it has been for some years past. Our mines 
produced last year 17,842 tons of zine ores, against 15,047 tons 
obtained in 1864, 

Gold.—From the gold quartz which is mined from the Welsh 
hills in the neighbourhood of Dolgelly we have the following 
returns; 

Ounces of Gold. 


rks 
532 


Vigra and Clogau ooo 


Welsh Gold Mine ues oe we 
Castell Carn Dochan ,,, ‘il . . 837 
Giwynfynydd ,., an pa one eco oon 9 
Cwmheisian ,,, oe eee eee ove ose 8 

1663 


In 1864, 2336 ounces of gold were obtained, and in 1862, 5299 
ounces. 

Sulphur Ores.—Iron pyrites have been raised during the year 
to the extent of 114,195 tons, the value of which is estimated at 
71,1742 Of this quantity 81,993 tons have been raised in 
county Wicklow, Ireland. 

Barytes.—A mineral which is largely used to mix with white 
lead ; there are returns given of 6768 tons. 

Arsenic.—Of the white oxide of arsenic a return has been 
made to the Stannary Court of 826 tons, separated from other 
ores, and sold in Cornwall. 

The following table gives a concise view of the importance of 
our mineral industries: 


Geyerat Summary or Tue Miverats Ratsery anv Mertars Pro- 
pucep iN Tue Unirep Kinepom ry 1865, 


















Quantity Valuo Quantity | Value 
of of of | oO 
Minerals | Minerals Metals Metals 
raised. raised. | produced.| produced. 
GD. cccnsininsied 15,686 £867,435 10,039 £971,273 
Copper, tons ,,,..... 198,298 927,938 11,888} 1,134,664 
Lead, tons ,,......... 90,451 1,153,144 67,181 1,433,161 
Silver, oz. .... - om 724,856 199,335 
Zine, tons .... 17,842 62,478 4,460 104,810 
Pyrites, tons . 114,195 71,174 an one 
Gold (quartz) 4,280 one oz. 1,164 5,824 
Iron, tons . .| 9,910,045 3,324,804) 4,819,254) 11,774,220 
Coal, tons .| 98,150,587) 24,537,621 an an 
Earthy 
and others, re- 
ee 774,466 om 
Earthy minerals, 
not returned, esti- 
MAO ....c0cceeeeeee 650,000 
Metalliferous ores 
and metals, other! 
than above, esti- 
MAE .......cereseee 150,000 
Total value ......... £32,359,080 £15,773, 287 














The following, therefore, represents the total value of the pro- 
duetions of our mines and collieries ia 1865: 





Metals obtained 15,773,287 
Coal a. ee eee eee eco ove eve 24,537,621 

Earthy minerals (not including ordinary clays 
and building stones)... eco oe eee =, 434,496 
Total... eee woe £41,745,404 


‘The Mineral Statistics give, as the latest and best account of 
coal produced on the continent of Europe and in America, 
following returns; 








Tons. Tons. 
France, 1865 ... +e" 11,300,000 | Bavaria, 1862 (lig- 
Helgium, 1862 eee _ 9,758,223 nite) an 45,570 
Vrussia, 1863... ... 10,074,815 | Zollverein, 1863 
Truasia, 1863 (brown (coai) ... 16,906,707 
oval) son . 4,008,044 | Zoliverein, 1363 (lig- 
Saxony, 1863 eee = 1,902,175 | nite) .., eve = 5,459,494 
Saxony, 1863 (brown Austria, 1552 (coal) 2.265,228 
Coal) se. “ie 428,615 | Austria, IS62 (iigiite) 1,786,679 
Grand Duchy of Ba- | Russia, 1863 ... 6,350,000 
den, 1864 eco 12,338 | Denmark, 1864 es 2,755 
Hanover, 1863 ene 287,415 | Sweden, annually ... 30,000 
Hesse and Nassaa, Holland, annually 
eee pm 79,296 (inferior) ° 18,000 
Electoral Hesse, 1865 308,150 | Portugal, annually ... 14,500 
Electoral Heage, 1865 Switzerland, annu- 
(brown coal) .., 170,600 ally ah 15,100 
Bavaria, 1862 (coal) 221,220 | United Stat 1864 14.293,659 





THE AMERICAN NAVY. 


A visit to the navy yards at Washington and New York will | th 


afford aconvincing proof of the determination of the Americans 
to profit by every lesson which they learnt during their recent 
war. During the last three years of that great struggle the 
game A of the people was turned solely to the improvement 
of warlike appliances, and consequently the lists in the Patent- 
office include comparatively few inventions intended for manu- 
facturing or domestic purposes. All the skill of a sharp-witted 
race was bent upon a particular subject, and the number and 
variety of new arms or plans for constructing iron ships which 
were laid before the Government are past calculation. The 
necessities of the weaker side led to the first and greatest inven- 
tion of the war—the ironclad. The Merrimac was cut down 
and covered with old railway iron, at the suggestion of a Con- 
federate naval officer, and, although the regular navy will not 
concede that the idea originated with the “ rebels,” yet there can 
be no doubt that when the Merrimac began its terrible work, the 
North had no vessel fit to match her, but they soon produced an 
imitation of her which was far better than the original. From 
that time to the present the improvement of ironclads has been 
the constant aim of the Navy Department. It has tried every 
suggestion that seemed to have a reasonable prospect of success, 
and it is the simple truth to affirm that every Monitor which is 
launched is stronger and more complete in all its details than 
the one which preceded it. With our present knowledge, at 
least, it is difficult to point out any part of these formidable 
vessels into which an improvement can be introduced. 

The labours of the Navy Department have doubtless been 
greatly facilitated by the fact that the administration has not 
been subject to constant and sudden changes, such as take place 
in our Board of Admiralty with every change of Ministry. One 
set of men, understanding their business thoroughly, and with a 
ee recollection of all that has been done in the department, 
vave had the American navy under their control for years past. 
There has, therefore, been steady and continuous work; inven- 
tions have not been dropped because the first officer has been 
removed, nor has any inventor suffered on account of the reluct- 
ance of a new staff of officials to accept the responsibilities and 
engagements of the old. The offiver who has been sent to 
Europe in charge of the Miantonomoh has been assistant-secre- 
tary of the American navy throughout the war, and the chief 
bureaus remain as they were in 1861. Most of the heads of 
these bureaus received their appointments in reward for some 
improvements which they had discovered. The Department is 
not embarrassed by party ties, nor have its chiefs to study family 
interests, and thus it is left free to do its work in its own way, 
and, as there is no representative of the Government in Congress, 
there is not even the check of “ questions” or notices of motion 
upon the action of Mr. Welles and his colleagues. All that the 
people ask for is that their fleet shall be made the most powerful 
in the world. The Navy Department promises to give them 
that, and if there is any question about its having accomplished 
its purpose to-day, there will be none a few years hence, if they 
advance as swiftly, and we and other European nations move as 
slowly, as at the present moment. 

The whole principle of rifled ordnance, as is well known, is 
being abandoned by the Americans. Their argument is that 
they care nothing for high velocity so long as they can throw 
the heaviest weight of metal possible from a vessel which can 
go close to the object of attack, and be itself almost im- 
pregnable to attack. Such a vessel they believe they 
possess in the Monitor. They do not want high velocity. Their 
is to get to close quarters with the enemy, and destroy him 

y superior weight of metal. The smoothbore invented by Rear- 
Admiral Dahlgren, and improved by Rodman, is indisputably the 
most efficient application of this particular principle. The 
Americans maintain that their cast iron is very superior to ours, 
and it is certain that, although every Dahlgren gun has been 
severely tested before being sent from the yard, very few indeed 
have burst. It is the 15-inch gun of this kind with which the 
latest Monitors are armed, but it is soon to be superseded by a 
20-inch, which the naval officers at Washington believe will 
be oy most serviceable and destructive gun known to the 
world. 

A better gun than the Dahlgren may still be found, but an 
engine of war more perfect than the vessels intended to carry 
them it is hard to conceive. The Monitors were at first built 
with a single turret, but almost all that are laid down now have 
two turrets, and carry four guns instead of two. The Tona- 
wandah, which is now lying off the Navy Yard at Washington, 
is one of the latest turned out, and it is in all respects like the 
Miantonomoh, at present on a visit to Europe. The turrets are 
of iron, 11 in. thick, and the guns inside, by a clever piece of 
mechanism, can be raised or depressed easily by a slight move- 
ment of the hand. The turret itself can be lowered in a few 
minutes, and a plate of iron slid over the porthole, so 
that there is no weak point left for the enemy to make 
a mark of. Down below the vessel seems to be all machinery ; 
but she has room for her crew of 160 men, all told; and al- 
though the landsman may not covet the quarters where this 
crew are stowed, as a matter of fact, American sailors prefer a 
Monitor to any other description of vessel. This may, perha 
be owing to the fact that they have less work to do in her, for 
there is no rigging to look after, and the sea washes the deck of 
the Monitor when she is out on a voyage, so that all deck labour 
is taken off the hands of thecrew. Moreover, after the visitor to 
the Monitor has spent half an hour in her he will have a better 
opinion of the quarters assigned to the men. There is rooin to stand 
upright in them and they are safe against shot, for they are be- 
low the water-line, and seven inches of oak and five inches of 
iron are between them and the water. Any danger must come 
from shells above or torpedoes below, and in action, battened 
down, the crew of a Monitor must die together if any mischance 
occurred. But it would be remarkably good practice which 
enabled the enemy to pitch a shell on to the flush deck of a 
Monitor which only stands 3 ft. out of water, and would prove 
an uncertain mark at the distance of half a mile. As to the 
torpedo, some of our own naval officers have concurred with the 
Americans in thinking that Monitors, as they are now being 
built, have little or nothing to fear from these instruments, and 
it is of course in harbours only where they could encounter 
them. The officers’ quarters are as comfortable as any true 
sailor can desire, and they are now being fitted up with some 





attention to elegance and finish. There are bath-rooms and 
pantries, and the cabins are in every respect more roomy than 
ose in an ordinary passen, steamer. The draught of a 
Monitor of the size of the Tonawandah is only 13 ft. or 14 ft., her 
tonnage being 1564. She carries four engines of about 1400 
horse power, and is fitted. with apparatus for pumping down the 
air from the turrets and for condensing steam, similar to that 
which the Miantonomoh carries, and which was recently 
described in these columns. The Tonawandah is about 300 ft. 
in length and 57ft. beam. Most of the new vessels of her 
class are — built of exactly the same dimensions. 

A ram has long been under construction in New York, which 
most people now look upon as an eccentric rather than a useful 
development of the ironclad theory. It is called the Dunder- 
berg, and is intended to carry a heavy armament, broadside and 
turret, besides the formidable ram at her bows. This ram may 
be detached without injury to the vessel; but the Dunderber, 
is too unwieldy to please naval men, Her tonnage is 5090, an 
her plating thicker than that of the Monitors. It must be this 
vessel which Sir John Pakington alluded to in the House of 
Commons as intended to combine “three distinct means of 
attack—the broadside, the turret, and the ram bow.” There is 
no other of the class in any of the navy yards 

It is not, however, to the construction of iron-clads that the 
naval authorities in the United States are confining themselves. 
They are building twenty “cruisers,” intended to do the work 
which made the Alabama and the Shenandoah famous, only to 
do it much more effectually. They are the most graceful and 
beautiful vessels in appearance that were ever seen, and our own 
naval officers who have been to the New York yard are the first 
to declare that they are far superior to any vessels of the same 
kind in the British fleet. Their bows are as symmetrical as the 
bows of a yacht; they are built to run 17 knots an hour, and 
may be depended upon for 13 or 14. They carry from eighteen 
to twenty guns, and, without a doubt, four or five of them could 
commit dreadful havoc upon the commerce of any nation. They 
have four smoke stacks, or funnels, and all their engines are of 
the most complete and perfect construction ever known. The 
injuries which the Alabama inflicted upon commerce taught the 
Americans the wisdom of furnishing themselves with means of 
retaliation. They began these cruisers during the war, and have 
not desisted from building them because the war is over. They 
will finish the whole number to be in readiness for service at any 
future time. The Admiralty has had its attention directed to 
these cruisers on several occasions, but it is very doubtful 
whether we have at present any vessels in the English fleet 
which possess their powerful armaments and great i Three 
or four of them are completed, and have been tried with com- 
plete success. 

Besides guncasting and shipbuilding in the American navy- 
ards, there is always some new torpedo or shell under trial. 
There is an expanding torpedo which throws out huge arms 
when it is fired, and shells which would destroy a Monitor, if 
any shell could. The authorities are also proud of a little ma- 
chine for making percussion caps at the rate of 25,000 a day, 
invented by a workman in the yard. Economy and efficiency 
are the two ends sought for in everything by Mr. Welles and his 
subordinates, and if they sometimes fail, they have undeniably 
given the United States a naval force capable of holding its own 
against any that the Euro Powers could bring against it. 
When the vessels now under construction are completed, the 
American fleet will include 75 Monitors, 401 screw or paddle 
steamers, and 112 sailing vessels—carrying in all 4443 guns. 
In January, 1861, 68 vessels made up the whole American 
fleet. In the difference between the fleet in 1861 and 1866, is to 
be found the best illustration that could be given of the vigour 
and energy of the American Navy Department.—T7imes. 








Revotvine Ironctap Forts.—The recent gunnery ex- 
periments upon the turret of the Royal Sovereign and the recent 
engagement with the Spanish ironclad squadron at Callao have 
proved almost beyond a doubt that the system of revolving 
turrets is one which merits great attention. Such being the 
case, it remains yet to be determined whether the system cannot 
be developed on a much more extended scale than its most san- 
guine supporters ever expected. A plan has been recently sub- 
mitted to the authorities of the Admiralty and War Department, 
which, although bold in idea to the very extreme, commends 
itself for its simplicity. It is pro; y a civil engineer in 
Portsmouth that revolving ironclad forts should be erected on 
the foundations now in course of construction on the No Man’s 
Land Shoal and the Spit and Horse Sands, the forts upon which 
are intended to defend the roadstead known as Spithead. It 
is perfectly clear that if three men can turn with ease one of 
the turrets of the Royal Sovereign, although weighing 130 
tons, a revolving ironclad fort could be turned with equal 
ease by powerful hydraulic machinery, even though weigh- 
ing as much as 4000 or 5000 tons. At all events, the 
scheme is yy | the consideration of the authorities, and 
might fairly be left to the turret committee or to the chief 
engineer at Portsmouth dockyard to report upon its practica- 
bility. It is proposed that the diameter of these forts should be 
213 ft., being the same as that of the top course of the present 
foundations, having a double curvilinear sectional form, such 
form being, it is believed, preferable to that of a quadrant, or 
that of an angle of 45°. The forts will have two tiers of 600- 

unders, mounted on an upper and lower tier, each containing 

6 guns, or 32 in all, and will revolve on three lines of rails with 
conical wheels, the wheels themselves being connected in the 
most powerful manner with the platform above, which, in reality, 
will form the foundation upon which the whole of the ironclad 
superstructure of the fort will rest. The will stand one 
immediately over the other upon an iron oles, each two being 
—— from the others by iron divisions to avoid the possi- 
bility of accidents. The approximate weights would be as 
follows: Wrought-iron casing, 2000 tons; backing, framing, 
&c., 1500; thirty-two 600-pounders, 1000 tons; total weight te 
be turned by hydraulic power, 4500 tons. Ample space will be 
provided within the forts for barracks, ines, &c., but it is 
intended that a staircase should be erected in the centre, with an 
ironclad look-out tower forming its roof. The time for providing 
ourselves with old-fashioned batteries is gone by. We must now 
avail ourselves of iron, steel, or if there bow other harder and 
more durable metal known to keep out the ponderous shot and 
shell about to come into use.—Army and Navy Gazette. 
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BRIGHTON. 


Tne coast towns between Selsea Bill and Beachey 
Head contain a population of nearly 150,000, and they 
are growing at a rate which must, before many years, 
carry this total to a quarter of a million. Indeed, it is 
impossible to say to what extent Brighton, for example, 
will yet increase. It is now often mentioned as a 
suburb of London ; butit is likely to become a suburb 
in the ordinary and practical sense of the term, when 
thousands of those who daily do business in the metro- 
polis will reside permanently at the sea-side. It is 

uite practicable to make the run of 50} miles from 

ondon Bridge to the coast in one hour, and with a 
steady traflic, supported by a few thousand, or even a 
few hundred, annual ticket-holders, a first-class fare of 
3s. 6d., and a second-class fare of 2s. 6d., each way 
would give an excellent return. Distance is not so 
much a matter of miles as of time and money, and in 
these respects the railway system has not yet worked 
out wees the full results which we may yet expect 
from it. The Brighton Company have for years found 
their account in running Sunday and Monday excur- 
sion trains at fares of 3s. 6d. for the double journey of 
101 miles ; and the Great Eastern Company have appa- 
rently found a profit from the same excursion fare to 
Harwich and back, a distance of 140 miles. This year 
the fare has been reduced to 3s. The same company 
now run excursion trains from London to Hunstanton 
and back, a total distance of 228 miles, for 4s., or for 
hardly more than one-fifth of a penny per mile. And 
the excursion to Yarmouth and back, 242 miles, costs 
but 5s. by third-class carriages. We may add that, by a 
Bill which the Great Eastern Company obtained in the 
last session, theyare bound to run workmen’s trains over 
their new line from Mile-end to Edmonton, a distance 
of about 11 miles, for a penny each way, or for a 
shilling a week for the double journey, a rate even 
below that of the famous guinea season ticket to the 
Crystal Palace, only that the latter is for first-class 
passengers. These low fares are not the result of 
ruinous competition, such as that which once led the 
North-Western and the Great Northern to carry pas- 
sengers from London to the Art Treasures Exhibition 
at Manchester for 5s., but they represent what may be 
profitably done where there are great numbers of pas- 
sengers to be carried. Even without these great num- 
bers, the Southend trains have for years carried first- 
class passengers 41} miles for 2s. 6d. 

Brighton is becoming more and more a necessity to 
London, and it is thus acquiring a national importance. 
Originally its prosperity commenced with the medical 
—— and writings of Dr. Russell, and it was con- 

ed by the Prince Regent. Were it now, as it was 
forty years ago, a royal residence, none can say how 
great Brighton would have beeome ; but it has gone on 
in prosperity, notwithstanding that the Queen has not 
visited it for nearly a quarter of a century. Witha 
— of 48,500 in 1841, the year in which the 
righton Railway was opened, its inhabitants increased 
to upwards of 65,000 im 1851, while the population 
within the parliamentary limits in 1861 was upwards 
of 87,000. With another line of railway to be con- 
structed by the South-Eastern Company—for we fear 
it may be some time before the London, Chatham and 
Dover will be in a position to advance its share of 
capital in the joint undertaking—there will be readier 
and even better train services, and the effect in pro- 
moting the growth of the seaside capital must be 
distinct and unmistakable. It is from the new line 
and a better and much cheaper service that we are to 
look for the adoption of Brighton as a residence rather 
than as a place merely of resort by thousands of the 
business men of London. 


We are not seeking to support our opinion of the 
future growth of Brighton by elaborate arguments, for 
we have ample reason for believing that ours is but the 
general opinion of those who have considered the ques- 
tion for themselves. But we may throw out a few 
reasons for a belief which is not, perhaps, so generally 
shared, because the grounds for it are not so widely 
understood. Brighton has always been regarded rather 
as a place for the expenditure of money among hotel- 
keepers, lodging-house-keepers, and shopkeepers, than 
as a place for creating capital by the useful operations 
of industry. But there are many reasons why even 
Brighton should become a manufacturing town—not 
in the objectionable sense in which the term is under- 
stood when applied to Manchester, Birmingham, Leeds, 
Sheffield, and Bradford, but a great, attractive, pros- 
perous, and yet productive town. Perhaps not one in a 
thousand is aware that Brighton is now the seat of a 
considerable locomotive manufacture; yet the shops of 
the Brighton Railway Company turn out annually 





additions to the locomotive stock of the line, and in 
this respect Brighton is less only in degree than Ash- 
ford, Crewe, Swindon, Doncaster, and other created 
centres of this branch of industry. Probably not one 
in a hundred of the fashionable frequenters of Brighton 
is aware that locomotive engines are actually produced 
within the limits of the town, and probably as small a 
proportion of the visiting population would become 
aware of the fact, should it yet prove a fact, that 
Brighton was also the seat of great flour-mills, Bes- 
semer steel works, artificial stone works, silk works, 
agricultural implement works, ¢arriage factories, boat- 
building works, flint glass works, &c. If the public- 
spirited men of Brighton—for we do not address such 
representations to the authorities—fully appreciate the 
advantages of an increasing resident tax-paying popu- 
lation, they will place themselves in communication 
with those who, to a certain extent, may be said to 
control the future destinies of the town, and will do 
their utmost to establish near it the works upon which 
its permanent prosperity will largely depend. 

We do not know how far the prejudices of the old 
school of Brighton habitués woul e aroused by the 
discovery of coal in Sussex, but it is quite upon the 
cards that the weald may yet become a mining district. 
Said Mr. Vivian, in a remarkable speech delivered last 
session in the House of Commons ; “ it is certain that 
* coal exists along the whole of the south of England, 
“in point of fact, ij exists beneath the very door of 
“this House.” Once it was held that there was no 
coal beneath the new red sandstone and the magnesian 
limestone. Now, however, several pits at West Brom- 
wich and in Halesowen Valley have been bored through 
the Permian rocks, and good thick coal found below 
them. The English coal-field—for the several local 
designations apply to different parts of the same great 
store—underlies Sussex, and extends beneath the 
Channel, and crops out near Boulogne. The pluck 
with which Mr. Dawes bored away through the hard 
red rocks at Halesowen, until he at last struck the 
ten-yard coal, only two months ago, will not be want- 
ing when some large-minded proprietor starts a shaft 
somewhere in the rape of Bramber. Who would say 
what the discovery of coal there would accomplish for 
the little town of Shoreham, or the working of pits 
further west for the port of Littlehampton, pl we 
believe, Mr. Craven, of the Brighton Railway now un- 
loads colliers of his own, but from whence he would 
probably export coal in the event we have s ted P 

There is a branch of manufacture now rising into 
an importance which none can yet measure, and which 
is especially suited to the coast towns near Brighton. 
It is that of artificial stone by Mr. Ransome’s new 
process—a process which in its simplicity and results 
is one of the most astonishing known to modern science. 
With the help of a little silicate of soda and chloride 
of calcium, the whole of the vast body of sand which 
may be cheaply dredged from the shallow soundings of 
the Channel—even the Goodwins themselves—may be 
converted into indestructible rock; and not only this, 
but almost without labour, any desired form, from the 
most simple to the most intricate, may be given to it. 
Where sand can be had without dredging, so much the 
better ; but even were the cost of dredging as much 
as 2s, 3d. per cubic yard, which is not ike y, it would 
amount to but 1d. per cubic foot of the stone produced. 
In this new material, the success of which is now esta- 
blished beyond dispute, we have represented a new in- 
dustry of national importance. 

The Sussex coast has no good harbours, and there- 
fore but little commerce. Yet there are especial reasons 
why it should be made fully available for commercial 
purposes. It is the nearest coast to London, and it is 
upon the most direct line from London to Paris. None 
can doubt that did a good natural harbour exist at 
Brighton, Newhaven, or Shoreham, it would have long 
since been utilised, and that a great commercial port, 
equal at least to Southampton, would have been esta- 
blished there. A scheme of great itude was not 
long since published by Mr. Charles Burn, C.E., and 
Captain Julius Roberts, for a harbour of refuge, tidal 
basins, graving docks, building slips, factories, and for- 
tifications at Newhaven. The scheme comprises two 
breakwaters, one reaching nearly straight out from 
Seaford, the other from a point nearly midway between 
Newhaven and Rottingdean, the two breakwaters ap- 
proaching each other to within 1500 ft. at the en- 
trance of the harbour, which would have a total area 
of 2100 acres, or rather more than 3} square miles. 
The entrance would have nine fathoms depth at low 
water, the rise of tide being 20 ft. springs and 15 ft. 
neaps; 270 acres of the north-west portion of the 
harbour would be appropriated to wet docks, of 
which thirty-two are shown, each 400 ft. wide, 





and the total length of wharfage is put down as 
45,000 ft., or upwards of 8$ miles. Upon Burrow 
Head, the site of a Roman encampment, and which is 
190 ft. high above high water, would be erected a 
battery commanding the docks and the outer harbour 
beyond, while batteries would be erected also on the 
coast at Seaford, and forts of great strength would be 
built at the ends of the breakwaters, at By ary sides 
of the entrance, and a third fort would be built on the 
sweep of the western breakwater. On the shore, to 
the west of Burrow Head, or the present entrance to 
the harbour, would be five large graving-docks and 
eleven slip-docks, and near these and further inland 
would be extensive factories. 

It is nothing to the purpose to say that such a 
scheme is too enormous for contemplation. It is un- 
deniably one of which the execution is very much to 
be desired, and it is only a question as to the period 
when it will become indispensable. The work is not 
one for private enterprise, unless it be greatly aided et 
Government. The time must come when we sh 
suddenly discover—what no one appears to perceive at 
present—that Brighton, a great and wealthy town of 
nearly 100,000 inhabitants, and which, there is every 
reason to believe, will grow in the future at an even 
more rapid rate than ever before, lies completely at the 
mercy of any naval power with which we he A appen 
to be at war. Has any one so much faith in the honour 
and chivalry of any hostile nation as to believe 
that their admirals really could not find it in their 
hearts to bombard defenceless Brighton? _ If so, let 
them think of Charleston, and Duppel, and Valparaiso. 
So sure as we have a naval war with any great power, 
so sure may we expect a fleet of monitors to appear off 
Brighton, and in a few hours’ shelling to destroy the 
whale place, with Kemptown and Hove into the bar- 
gain. Whether this ever happens or not, no place of 
such importance should be left to the forbearance of an 
enemy. A work like that aggre by Mr. Burn and 
Captain Roberts would be a great protection to 
Brighton, inasmuch as a portion of our fleet would 
me be then held in reserve at Newhaven, ready, 
at least in time of war, for any telegrams from any 

uarter. But there should be more than this, and 

righton itself should be directly protected by a line 
of ty four, or more forts, a mile out, and not over 
amile apart. These might be heavily cased revolving 
batteries, for the turret system appears to be every 
way the best for fixed defences. And it might even 
be proposed to connect two such forts by a break- 
water, and to connect this with the shore by a great 
suspension pier of five spans of 1000 ft. each. We 
are to remember that 100,000/. was found ready, 
between 1827 and 1838 for the construction of the 
Marine Wall, a mile long, 60 ft. high, and. 23 ft. thick 
at the base. A breakwater of a mile would be a larger 
undertaking, but one not beyond the increased extent 
and importance of the place. It would form not only 
a protection to shipping—and there is no reason why 
there should not be shipping and a yacht squadron at 
Brighton—but it would serve also as a base for mount- 
ing heavy ordnance for defence, and furthermore for a 

romenade to which thousands would be attracted. 
With the exception of the forts, off the shore, which 
are already needed for the real security of the town, 
the other works are such as need no special recom- 
mendation, but they are not the less likely to be yet 
demanded by a growing public spirit, which in its turn 
will be assured by the increasing prosperity of the town. 





CAST TRON, WROUGHT IRON, AND 
WOOD IN COMPRESSION. 
(Concluded from p. 108.) 

Tue present almost universal adoption of cast or 
wrought iron to the exclusion of wood, wherever a 
heavy strain has to be encountered, is quite modern in 
its origin. Little more than twenty years intervened 
between the first substitution of an iron girder and 
column for the universal wooden brestsummer and post 
for a shop front in the Strand, and the erection of the 
Exhibition Building in Hyde Park. The amount of 
adverse criticism which followed the first-mentioned 
innovation proves that even at that period it was in 
advance of the times. Now, since expensive experi- 
mental investigations seldom take place, unless the 
absolute necessity of them is ype. we need not be 
surprised to find, that whilst all the experiments on iron 
columns to which we have had occasion to refer are of 
recent date, almost all the experiments on wooden 

columns are of an anterior date. 

Mr. Tredgold, the authority usually consulted on 
matters connected with “carpentry,” derives his rule 
for the strength of columns from the experiments of 











124 


ENGINEERING. 


[Aveust 24, 1866. 











MM. Lamandé and Girard. The specimens subjected 
to experiment in these instances were pieces of oak, 
varying in size from 8 ft. 6in.x4}m. square to 
2 ft. 3 in. x24 in. square. The successive increments of 
load, and the corresponding bendings of the columns, if 
any, were carefully noted. As Mr. Tredgold, however, 
considered that the investigation should be confined to 
the load producing the first degree of flexure, the only 
use he makes of the results is to determine the value 
4 

of a, constant, o=, d@ being the side of the square in 
nches, / the length in feet, w the load in pounds, and 
éthe corresponding deflection in inches. According 
to Lamandé, the value of e ranges from .00015 to 
.00125, and according to Girard, from .00016 to 
.00093. Tredgold considered, therefore, that by taking 
e=.0015, the result would be strong enough for use, 
as in good timber it would seldom be loaded with more 
than one-fourth the weight producing sensible flexure, 
if calculated by his rule, which, for square columns, is 
@=/ wo e. Now, since it is evident that the load 
should never exceed a certain fraction of that which 
would crush a short length of the column, the result 

iven by the preceding formula will be excessive, un- 
o the length exceed a certain ratio of the diameter. 
To determine that ratio we have, taking the ulti- 
mate working strength at 1000 lb. per square inch, 


as given by Tredgold, 10004? =— hap <> therefore 
we o9 

da‘ ® i ie 

P=sopparmore tt =4Y Toanxcoors = 18: As 


the length is taken in feet, the equivalent ratio will be 
rather less than 10 to 1. According to Tredgold, 
therefore, the working strength of a square column 
below that ratio will be constant, and be equal to 
Qewt. per square inch, and for higher ratios will be 
the amounts shows in the following table, which is cal- 
culated from the formula—working load in ewts. per 
P d* 12? 857. 
square inch=5 Dols 




















Ratio....) 5 | 10415 | 20 | 25) 30 | 35 wot Nad Kee Na had 
winks 2.14(1.37| .95| .7 | .53|.34|.241.18|.13 | 2 


It may be observed that, in the above experiments, it 
was found that the ultimate loads borne by the columns 
were about double those producing the first degree of 
flexure. 

A large proportion of the numerous formule for the 
strength of wood columns are mere modifications of the 
one given by Professor Barlow, which is not based 
upon the results of direct experiment, but upon the 
results of Dr. Young’s investigations on the weight a 
column should ¢heoretically be able to support without 

8295d? 
sensible flexure. Dr. Young’s formula is, W = = J 
W being the load in pounds, / and d the length and 
thickness, both in aft ony and g the weight of the 
modulus corresponding to the section, and equal, there- 
fore, to d?X modulus of elasticity (m), consequently 


> 


4 
— Professor Barlow, in his formula, sub- 
‘ ” : —_ 3m of 
stitutes E, a reduced value of m, E=Tx 32° there- 
‘ : , .8225d* E18432 
fore, taking the length in feet, W=— = To 


2 4 J j2 
—— and d*= ahs which is the rule given by 
Professor Barlow, accompanied, however, by the neces- 
sary caution that the results given by it are too small 
for practice, since the smallest deviation of the pres- 
sure from the axis of the column would overpower its 
resistance. Taking E=96 vs deduced by Professor 
Barlow from his experiments, and the working load in 
ewts. per square inch (W.L) at j, the amount given by 
Q oF 92 9465 
the rules, then wh = Oe and the 
ratio below which the strength, 9ewt. per square 
inch, remains constant, is, according to this rule, 


fea 17, about. For the other ratios the results 


are as follows : 
Ratio...) 5 | 10 | 15 50 | 60 | 70 
| 


1.54) .98 | 68} 5 


30 | 35 | 49 80 


a 


38 |m 








| 





WL....i 9/919 516| 4 j2.74| 2 
_ Professor Hodgkinson made a few experiments on 
pee of wood varying in length from 30 to 45 
iameters, and gave the following formula for the 
. ° . , 4 ° 
breaking weight: in lb. B W=3,000,000 @ vorinewts. 
2 


=. Taking 53$ ewt. per 
- 





per square inch B.W= 





square inch as the crushing load, the ratio below which 
the strength according to this rule would be constant 


is J 26785 =22, about. The constant 26785 is there- 
53.5 

fore obviously too large; it is, however, somewhat 

corrected by the adoption of the high factor of safety 

—10—recommended by Mr. Hodgkinson. For the 

purpose of comparison with Tredgold’s and Barlow’s, 

we give the working load (W.L.) in addition to the 

usual table : 

Ratio..| 5 | 10 | 15 ; 20 40 { 50 | 60) 70) 80 


5) 53.5, 53.5) 53.5] 42.8] 29.8] 21.8] 16.7/ 10.7] 7.4] 5.4] 4.2] 2 


W.L.. | 5.35] 5.35) 5,35] 5.35] 4.28] 29.8) 2.18] 1,67] 1.07] .74] 54] 42} 0 


Professor Rankine and Dr. Ritter have given 
formule for wooden columns of the same class as those 
given by them for iron ones. In this instance, as 
in the previous one, Professor Rankine’s rule is based 
upon experiment, and Dr. Ritter’s upon theoretical 
considerations only. Reducing both formule to the 
same unit of measurement—ewts. per square inch— 











the breaking weight, according to Rankine, is 

97 525 
BW=—24 and according to Ritter B W es. doa 
7 1+0027r* 


250 
Adopting the factors of safety recommended by the 
respective authorities, the breaking weights (B.W. 
pective , g weig 
and working loads (W.L.) will be as follows : 
Ratio... | 5 | 10 | 15 | 20 (25/30) 35 | 40 | 50 | 60 | 70 | 80 
a: Pra Pr | ; | 
“8 B.W) 24.6) 19.3] 14.2) 10.417.7/5.9| 4.57) 3.64 2.45) 1.76) 1.36) 1.02\p 
Rank. } Wi 49) 3.9 2.9) 211.812) 92) 73) .5| 36) 28) -21ig 
¢ B.W] 50.1) 42.1/ 33.3] 25.7, 20] 16/12.4| 10 | 6.9] 5 | 3.8) 29r 
{wat 











Ritter | 71] 6| 48} 37/2923] 18] 14 1| .7| 4] 48 


M. Rondelet says, that if we take the resistance of 
a cube of wood as the unit, the following will be the 
reduced strength corresponding to the different ratios : 
Ratio ....... 1 12 | 4% | 36) 48 | 60 | 72 

rricti 3 = 

Rectifying the curve, and taking 534 ewt. per square 
inch as the unit, we obtain the following amounts for 
the B.W. and W.L. (as recommended by M. Morin) 
for the ratios adopted in the previous tables : 
Ratio...| 5 {10/ 15 | 20 | 25| 30 { 85 /40| 50 ; 60 { 70 | 80 


31 | 26.3) 21.7) 17,714, 8.6] 4.8 
. | | 








1 
3 


B.W. ...| 47.8]42] 5 
W.L.,..} 6.8} 6] 5.2} 4.4] 3.8} 3.1) 2.5) 2) 12) .7] 35 


Having now examined all our witnesses, a com- 
prehensive view of the evidence will be best attained, 
and the process of summing up most facilitated by 
giving the several tables, resulting from the application 
of the various recognised formule, in the form of a 
diagram, since by this graphical representation a 
much clearer estimate will be formed of their functional 
differences than could possibly be obtained by a mere 
inspection of the figures in the tables themselves. In 
order to save space, we have made diagram No. 1 
serve for both cast and wrought iron columns. As 
the curves are plotted toa vertical scale of 300 ewt. per 
square inch=1] inch, and the horizontal line is divided 
into equal parts representing successive ratios up to 
80 diameters, increasing from left to right for cast and 
from right to left for wrought iron columns, of course 
the ordinate of any curve, measured from the point on 
the base line corresponding to the given ratio, re- 
presents the breaking weight in ewts. per square inch, 
as determined by the formule from which the particular 
curve was derived. 

In diagram No. 2, referring to wooden columns, we 
have combined the several tables of the ultimate and 
working loads per square inch. The curves represent- 
ing the ultimate strengths are plotted to a vertical 
scale of 15 ewt. to an inch, the ratios increasing from 
left to right ; those representing the working loads are 
drawn to a scale five times larger, and the ratios run 
in the reverse direction. 

With the diagrams before us, we can hardly fail 
being struck with the contradictory nature of the 
evidence relating to the strength of wooden columns, 
so plainly is it indicated by the irregular form of No. 2 
diagram ; in comparison, the consistency of the results 
obtained for iron columns is very marked. These 
facts should be allowed due weight when determining 
the desirable factors of safety. It is our duty now to 
devise convenient rules fairly representing the balance 
of authority. 

First, taking the diagram for cast-iron columns, we 
find the mean heights at the two ends to be 820 
ewt. and 40 ewt. respectively. We have, therefore 
rPBW . 
820—BW’ 





-2)w 


> 


BW= = , consequently z = since 


142. 
& 





2 
BW =40 when r=80 we have x =—_“— __ = 330 
820—40 
and BW = ee or, in round numbers, 
id 
1+ 
330 


_ 270,000. 


oT 


Proceeding in the same manner 


with the diagram for wrought-iron columns, we find the 
respective heights to be 340 ewt. and 81] ewt.; there- 
4 340 


fore « = est 1000, nd SW = ———_. avn 
as 7 
15000 
round numbers, BW = 680,000 With diagram 


2000+77° 
No. 2 it will be necessary to adopt a somewhat 
different mode of procedure. Taking first the curves 
for the breaking weights, we find the average heights 
at ratios 5—40 and 80 to be respectively 44—11 and 
2.4 ewt.; then from the curves for the working 
loads we obtain corresponding average heights of 
7—1 and .3 cwt. It appears, therefore, that the 
factor of safety varies from * =6} to = =8. As- 
suming 7 as the factor at the ratio of 40, and convert- 
ing the working loads into the equivalent breaking 
weights, by multiplying the mente their respective 
factors, we get 44—7 and 2.4 ewt. ; now taking a mean 


between these amounts and those obtained directly 
from the diagram, we get a mean result of 44—9 and 


2.4 ewt. Now BW = sae: therefore C = BW 
1+— 
f\_ ary, r (B.W.7*) —(B’W’r? 

1 =B’W I _ : 
( +") (1+ )ande B W—BW 
When 7=40, we have BW=9, and when 7,=5, then 
B’W’=44, therefore x = (2% 1600)— (44X25) _ 360 


: 44—9 - 
and C = £4(880+25) _ 47. Again, when + = 80 











380 
“we and when 7,=5 B’W’=44, therefore 
t= 7 = 343, and C nt 5. Also, when 


r=80 B.W=2.4, and when 7;=40 B’W’=9, there- 
ap = 146, and C= 297°4 = 108. We find, 
0 
therefore, the value of C to vary from 47 to 108, and of x 
from 380 to 108 ; assuming the mean values to be 48 and 
350 we obtain, for the ratios 5— 40 and 80, the amounts 
45—8.7 and 2.5 cwt., which approximate sufficiently 
near to the actual mean (44—9 and 2.4) to justify us 
in adopting those constants. The formula, therefore, 


fore z = 





becomes BW = _,or BW = 17000 The 
14 350+77 
350 


final result, therefore, of our investigation so far is 
represented by the following formule and table, and 


by diagram No. 3.: 






































, _270,000 
Rouna \ Cast iron B.W in ewts. per square inch=5,73 
Columns) | 3. 680,000 
Wrought iron do. do. a a 
2000 +192 
a - , . , 17,000 
Square Columns, wood do. do. S047" 
Ratio............] 0 | 5 | 10] 15 | 20 | 25 | 30 | 35] 40 | 50 | 60 170 |s0 
BW. Cast [520 |761 |628 486 |370 |z83 |219 |i73}ia0| 96| 69 51 40° 
Wrought/340 /335 [324 [306 |284 |259 |235 |211 ]188 }151 /121 |99 |S1 
Wood ...! 48145.3137.7'29.5122.6]17.4113.6|10.81 8.7! 5.9! 4.3/3.212.5 





Concerning the rule for wooden columns, it must 
be observed that hitherto we have made no distinction 
between hard wood and pine. Now, although hard 
wood has a theoretical advantage at all ratios, it is 
doubtful whether in practice this extends beyond the 
ratio of 15 diameters. Assuming this to be so, as our 
resultant formula gives the strength of pine columns 
(for, although partly derived from experiments on oak, 
the lengths experimented on averaged more than 15 
diameters), and as the ultimate resistance to crushing 
of hard wood is about 30 ewt. per square inch greater 
than that of pine, the breaking weight B’ W’ of an 
oak or elm post, below the ratio 15, will be represented 
by the formula B’ V Pe = 

7 r 

The desirable factors of safety for the three mate- 
rials to be as follows: For cast iron, from 5 to 7; for 
wrought iron, from 4 to 5; and for wood, from 7 to 
10; the higher amounts to be adopted when the live 
load is considerable. Although, according to the 
principles of dynamics, a suddenly applied load in- 
volves double the deflection, and consequently double 
the strain, due to the mere dead weight alone, the ex- 
periments on the comparative deflections of bridges 
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DIAGRAM ‘N° I. 
SCALE 300 CWTS PER SQ:INCH =] INCH. 


rom dead and moving loads show that such a difference 
does not obtain in practice. 

It may appear to some that, as this article is pro- 
fessedly on compression in general, too much space 
has been devoted to the one subject of columns; a 
little consideration, however, will show that the rules 
arrived at for columns will be applicable to compres- 
sion members in general, subject to the modifying 
influence of different forms of cross section. The 
most convenient method of making the necessary 
modifications will be by substituting for the actual 
ratio a ratio of equivalent strength, assuming the 
standard cross section to be circular for iron, and 
square for wood ; because, in that case, the breaking 
weight might be taken direct from the table, or, better 
still, according to the writer’s experience, from an 
enlargement of diagram No. 3. The cross sections 
likely to be met with in practice are—squares, rect- 
angles, and circles, both solid and hollow, and varieties 
of the forms commonly known as tee, angle, channel, 
cruciform, and girder irons. We shall now estimate 
the comparative value of these different forms of cross 
section, taking the strength of a solid round column 
as the unit of measurement. 

Now the lateral strength of a square cross section 
s not uniform; it varies between the limits of 1 


and / 4, and is least when the force is applied in the 
direction of the diagonal, and greatest when applied 
parallel to the side. But the ultimate deflection also 


i 
varies between the limits of 1 and / +, and is least 
in the direction of the diagonal; consequently, as the 
strength of a long column is directly as the stiffness, 
that is, directly as the lateral strength and inversely as 
the deflection, a square column will be of uniform 
strength, and be equally liable to bend in either di- 
rection. The weakness of the unsupported material at 
the arris does, undoubtedly, give a bias to failure in 
that direction, as evidenced in most of the experiments 
on wooden columns. Of course, if the cross section be 
rectangular, with the breadth greater than the thick- 
ness, bending will take place in one direction only ; 
otherwise the conditions are the same as those ob- 
tained in a square cross section with sides equal to the 
least dimension of the rectangle. Now both the 
strength and stiffness of a square cross section is to 
that of the enclosed circle as 1.7 : 1, consequently the 
strength per unit of area will be as (1.7 x .7854) : 1, or 
as 4:3. The ratio of equal strength per square inch 
for square and round columns, respectively, will 


therefore be as 4/ 4: 4/ 3, that is, as 1: .866. So, 
if we wish to ascertain the strength per square inch of 
a square iron or a round wooden column, we have 
only, in the first case, to multiply, and, in the second, 
to divide, the actual ratio by .866, or Z nearly, and we 
obtain the ratio of equivalent strength, the correspond- 
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ing breaking weight of which may be read off at once 
with a scale from the diagram. The strength of a 
hollow square cross section is, theoretically, stronger 
than a hollow circular one in the same proportion as 
the solid square exceed the solid circular; by ex- 
periment it appears to be weaker ; we shall, however, 
in this instance take the same strength per square inch 
for both, assuming that proper precautions will be 
taken to guard against buckling, by the insertion of 
stiffeners and gussets, if the metal be thin in proportion 
to the diameter. Now, for a hollow round column, L 
being the length, D the outside and d the inside 
diameter, the equivalent ratio may be obtained from 


: I? 
the equation 7?= D?—a 


ness (¢) in terms of the outside diameter, we get 


, consequently, taking the thick- 





1 

e/a 

The preceding formula serves for square and 
circular hollow cross sections, and the following 
formula will give with sufficient accuracy the equivalent 
ratios for the other forms of cross sections, classed as 
3.4+4a—-h), where 
44,+8(a—t) 
¢, equals the thickness of the narrowest side of angle, 
tee, or cruciform iron, 7 the joint thickness of the flanges 
of channel or girder iron, ¢ the thickness of the re- 
maining side, or of the web of channel or girder iron, 
and @ the ratio of the widest to the narrowest side, or 
of the web to the flanges. Applying these formule to 
different forms of cross sections with varying thickness 
of metal, we obtain the equivalent ratios given in the 
following tabular form, which enable us to determine 
the breaking weight per square inch, corresponding to 
either of the wel eross sections, by the simple ap- 
plication of a scale to the diagram : 


angle iron, channel iron, &¢., r= 


Solid round 1. Solid square .87 equivalent ratio. 
Thickness of metal in terms of diameter or least side, 
1 | 15) .2 | .25) 
Hollow, square, or round +.| .78) .82| .86| .90/Equivalent ratio 
Angle, tee, and cruciform equal | | | 
sides . - oe «+ /1.19)1.17/1.15)1.13 
Girder and channel equal sides |1.03)1.01| .99) .97 
Girder and channel, web double} | 
width of flange es ++ (1.19)1.17/1.15'1,31) 


The oa apr pom of obtaining a firm square bearing for 
the ends of compression members is well proved both 
by theory and experiment. Occasionally in civil engi- 
neering structures, and frequently in machinery, it is 
impossible to comply with this condition. In such 
cases, should both ends be loose, the equivalent ratio 
would be r= 3, and if one end only, r= / 2; the 
diameter, in both instances, might with advantage be 
reduced towards the ends; under all other cireum- 
stances the diameter should be uniform. The piston- 
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rod and connecting-rod of a steam engine may be cited 
as types of the correct forms for fixed and loose-ended 
compression members. Even in very short lengths the 
advantage of a fair bearing is very marked: thus m 
being the maximum strain per unit of area in terms of 
the average, then the corresponding position of the 
centre of pressure (7) from the axis of a square cross 





, m—1 : 
section would be «= , and for a round section, 


6 
ot so that a maximum strain of double the 


t= 


amount due to fair loading (m= 2) would result from 
shifting the centre of pressure the fraction of the dia- 
—_— = 4, and if the 
centre of pressure should fall on the edge of the square 
cross section, the maximum strain would be m=1 
+6z = 4 times the average. 


Thus, in whatever light we view the question, evi- 
dence accumulates proving the absolute necessity of 
careful design, and a liberal allowance of strength, in 
all cases where cast iron, wrouglit iron, or wood are 
in compression. One specific example will show the 
practical bearing of this fact. Assume a parabolic 
wrought-iron arched rib of the usual cross section, the 
depth being »; span, efficiently braced laterally, ad- 
justed for defiection, and loaded uniformly ; then the 
curve of equilibrium would, theoretically, pass through 
the centres of gravity of all the cross sections, and, as 
a necessary corollary, the strain per unit of area at any 
one of them would be uniform. But, the arched rib 
being under the same conditions as a square hollow 
column, of which the length is 50 diameters, the average 
strain per square inch at the time of failure would, ac- 
cording to our investigations, be 190 ewt. per square 
inch. Now we know the actual breaking load to be 
340 ewt., consequently, at the time of failure, the 
strain on one flange must be 340 ewt., and on the 
other (2% 190)—340 = 40 ewt. per square inch; and 
the position of the centre of pressure must necessarily 
be about 4 the depth of the rib from one flange ; con- 
sequently, it is impossible to define the position of the 
curve of equilibrium within the limits of half the depth 
of the rib. Examples might be multiplied, but we 
consider that quite sufficient evidence has been already 
advanced. B. 





meter (2) from the axis=2= 








Tne Frencn TRANSATLANTIC STEAMERS.—The Ville de 
Paris and Periere have crossed the Atlantic, the former, on her 
outward voyage, at the average rate of 13.77 knots an hour, the 
latter, on the homeward voyage, at the rate of 14 knots, being 
the quickest continuous steaming ever made across the Atlantic. 
We shall publish drawings next week of the Periere’s engines, 
made by Messrs. R. Napier and Sons, of Glasgow, and shall then 
give some further particulars. The vessels are 345 ft. long, 
43 ft. Gin. beam, 29 ft. deep, 3300 tons builder’s measurement, 





and 800 horse power. 
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Tu improvements illustrated here are additions to the pro- 
cess of manufacturing weldless barrels and tubes described in 
our last number but one, as the subject of the several patents 
taken out in the name of Mr. Thompson. 

Messrs. Deakin and Johnson, who are the co-inventors of the 
whole process, although their names do not appear on the earlier 
— apply the punching and rolling process in the manu- 

acture of small pieces of ordnance. They place the block, or 

what may be technically called the mould, in a hot air or other 
suitable furnace, to bring it to the desired heat, then place it 
under the operation of a hammer or hydraulic press, in order to 
drive a tapered mandril through the block, and so to perforate 
it wholly or partly. This block is afterwards reduced to the 
suitable size by tilting and rolling overa mandril. This mandril 
is adjustable in length, and, ia case of necessity, it is made so 
as to allow of its nose, or front, being kept cold during the pro- 
cesss of rolling. The rolls for elongating the tubular moulds 
are made reversible to afford the utmost economy of time in 
rolling. 

For larger sizes of ordnance an inner tube and an entire or 
partial outer case is employed, both produced in the same 
manner, by swaging and rolling; and, for ordnance of the largest 
proportions, the same process is repeated several times to form 
concentric casings of which the ordnance is built up, in accord- 
ance with any of the known systems of ordnance construction. 

The tubes require straightening after the rolling process; 
this is effected by the apparatus shown in Fig. 13. 

Fig. 1 represents a piece of ordnance constructed in ac- 
cordance with the first part of! this invention, the block of 
metal of which it is composed having been perforated, reduced, 
and elongated from the mass under operation by the combined 
processes of tilting, hammering, swaging, and rolling; and 
although the dotted lines show the inner chamber or bore as 
being entirely through the piece, nevertheless it is possible to 
produce ordnance solid at the breech, as exhibited at Fig. 2, by 
only partially punching, or drilling and punching, the block (of 
which it is composed) in the early process of the manufacture. 

At Fig. 1 we have represented in dotted lines a breech simply 
applied, without attempting to exhibit any mode or mechanical 
means by which the same a be effectea. 

The regular defined external form, as here exhibited, has been 
imparted by the graduated form of the grooves in the rolls 
through which it is supposed to have passed, as represented in 
the section at A A, Fig. 8, in which figure a mandril, }, is repre- 
sented in dotted lines attached to the shank marked c. The 
same is shown in section at Fig. 4, marked d, attached to the 
shank or handle, e, which has an adjustable stop fitted on it, 
marked f, represented in position as abutting against the rack 
also represented in section marked g; this stop may be a fixture 
or placed portably as here represented by the cotter h, a provi- 
sion necessary for adapting it to various leng:hs of ordnance. 
The mandril end of the shank or handle has a sunken neck 
formed out of its enlarged part, marked ¢, and represented in this 
figure in dotted lines, but shown detached at Fig. 5; around 
this neck is a split collar, shown in Fig. 4, marked 7; also in a 
detached annular form at Fig. 6. This collar affords support to 
the mandril during the bite or pressure of the ordnance or tube 
under operation passing over it. From this it will be seen that 
the mandril ~— has only to slide along the shank or handle 
towards the rack or stop, when the collar, 7, and the mandril 
may be removed, and a larger or smaller mandril proper applied 
as required. Fig. 7 represents a modification of the former 
mandril, in which the handle proper, marked &, represented in 
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section, is attached to the shank, a, by being tapped and screwed, 
and in like manner the mandril proper, marked /, is attached to 
the shank, e, viz, by being tapped and screwed, which offers 
the advantage of nicely adjusting the bite of the mandril to the 
central vertical bite of the rolls. 

Fig. 8 is another modification, differing only from Fig. 4 by 
the mandril being held to the shank, e, by means of the cotter, 
m, and with these appliances modified to shape and proportions, 
an inner tube is produced for a larger ordnance, as exhibited at 
Fig. 9, which represents an inner cylinder for a compound 
piece of ordnance; that is, a gun constructed of two or more 
parts with a solid breech. 

Fig. 10 represents a compound ordnance, partly in section, 
composed of two parts, as hereinbefore referred to under the 
second head, notwithstanding the trunnions may be separately 
formed and applied; but in this case we have represented them 
as being formed with and connected to the outer case, or part 
B, which, being close at the rear, forms a muzzle-loader in con- 
nexion with the inner tube, c, notwithstanding the enlarged part 
may consist of an additional annular part. 

At Fig. 11 we have represented seamless ordnance, partly in 
section, as composed of three parts, respectively marked D, E, 
and F, but it will be readily perceived that, if desired, the en- 
larged or breech end, marked G, may in like manner be formed 
of a separate part. 

Fig. 12 represents in plan a general arrangement for effectin 
the reversing of the rolls; m is the principal driving wheel, 
gearing with a spur and fly wheel, O, and the attendant parts, a, 
observing that to the extremity of the fly wheel shaft spur 
wheels may be applied for working a double train of rolls, but 
have only represented one spur wheel, marked g, which spur 
wheel gears into an intermediate wheel with the one marked R, 
on the axis of which a double clutch-box is secured, which 
permits, when out of gear, the wheel, s, to revolve independently 
of the axis supporting it, and it is by this or equivalent means 
of moving the clutches alternately right and left, that the 
alternate or reverse motion is effected; ¢ is simply a pair of 
pinions, represented on the central line of action through the axis, 
u and v, with the intermediate housings and parts removed from 
the bed, z, to avoid confusion; W W and Y are the main 
housings between which the grooved rolls are set up, in the 
front ot which is a strong rectangular frame or support for 
carrying a series of loose grooved rollers for receiving the work 
while being presented to or received from the rolls. The front 

rtion of these rectangular frames, marked a' a! and b' 6} 

‘orms the racks for receiving the stop and handle end of the 
mandril, such stops or racks being generally represented in 
section at Figs. 4, 7, and 8, marked g. 

Whilst opera ting on large tubular masses an adjustable 
straightener is used consisting of a bed and corresponding over- 
head pendant plate weighted as desired, which may be con- 
veniently put in motion by a crank having a driving pulley 
attached to the same, or otber convenient means for actuation. 
This arrangement we have exhibited in a side view at Fig. 13, 
the pendant rods /' and f being broken off for convenience of 
Space, notwithstanding we have shown sufficient to represent 
the adjustable shackle by which the bed, g' g', may be raised 
or lowered to arrange it with the lower bed, A! h', to adapt it 
for various-sized tubes or parts of ordnance; #' is the connecting 
rod attached by an adjustable crank pin to the disc J', the 
revolving action of which will give an oscillating motion to the 
pendant top, g', so that a tube being dropped into the bracket, £', 
and the top thrown forward by the action of the crank or disc, J", 
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the tube will be caught and brought back with a rolling motion 
between the two surfaces; the weight of the top and the tube 
being in a heated condition while under this operation will have 
the effect of straightening the latter; L represents in an end 


view a tube undergoing this process, which does not require 
long to effect its object. The tube being straightened will be 
brought forward and run down the incline, m', stopping against 
the projection at n', from whence it may be removed as desired. 

In the plan exhibited at Fig. 14 (in which we have omittted 
the pendant top), we have represented a fast and loose pulley, O', 
and P!, fixed upon the axis that carries the adjustable crank 
dise,J', in which view we are enabled to show the connecting 
rods, 2! i', as well as a lengthway view of the tube being 
straightened, marked L'. It is not essential that the two 
straightening surfaces should be the exact width of the length 
of the tubes desired to be straightened, and this permits of a 
swell at one end of the tube, as exhibited at r' 1’, Figs 9, 10, 
and 11. 


Tue Inner Crrc_e Rattway.— Yesterday the Earl of Devon, 
the chairman, Mr. Sheriff, M.P., and other directors of the 
Metropolitan District Railway, made an official inspection of 
the works in progress between Parliament-square Gardens, ad- 
joining the Houses of Parliament, and the Great Western Hotel, 
Paddington. The girder covered way passing Westminster 
Abbey was first carefully examined, and then the party pro- 
ceeded to the portion of the line passing along the back of Vic- 
toria-street, where the covered way at one point has to be made 
sufficiently strong to carry houses of the class already erected in 
that street, and at another point’ has been designed to carry the 
enormous vats of Messrs. Elliot and Watney’s brewery, which 
measure 16 ft. in diameter by 30 ft. high, and are supposed to be 
oa side by side over the line for a length of about 200 ft, 

ictoria-street Station, Sloane-square Station, and Gloucester- 
road Station were then visited, and found to be in an advanced 
stage towards completion. Trucks and an engine were provided to 
take the company into the tunnel in process of construction on 
the Notting Hill and Brompton extension ; and after an interest- 
ing inspection of that portion of the works, the party adjourned 
to luncheon at the Great Western Hotel, where the usual toasts 
were proposed, and great satisfaction expressed by all present 
at the amount of progress made in the works, and the difficul- 
ties overcome by the ingenuity of the engineers, Messrs. Fowler 
and Johnson, and the energy of the contractors, Messrs, Peto, 
Betts, Kelk, and Waring Brothers. 

Exuisition at NotrincHamM.—An exhibition of various 
articles connected with science and art is being held at Notting- 
ham, in connexion with the meeting of the British Association. 
Amongst the objects of attraction to engineeers, are the models 
of Messrs. Penn and Son’s engines of 1350 horse power, for the 
Minotaur and Northumberland, a model of Mr. Ramsbottom’s 
duplex steam-hammer, Mr. Bazelgette’s models of bridges, and 
other modes of crossings, for carrying the main drainage of 
London over and under roads, railways, and rivers ; and a model 
of Mr. Whitworth’s field howitzer. The War Office sent a col- 
lection of small arms—the Enfield rifle, the converted Enfield 
(Snider), the Westley Richards; there are also several fine 
specimens of Whitworth rifles, Spencer rifles, and Prussian 
needle guns, Some very interesting specimens, showing the 
effect of different shot and shell upon armour plates, have been 
exhibited by the War Office. -Gale’s inexplosive gunpowder, and 
a collection of the building materials of Notting ire, by Mr. 
Stevenson, are also exhibited. 
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IRON FLOATING DOCK AT SOURABAYA, DUTCH EAST INDIES. 
(for Description, see the following Page.) 


FIG.I. 
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FLOATING DOCK AT SOURABAYA. 

WE give on the preceding page engravings showing a trans- 
verse section, with details, of a floating dock now being com- 

leted at Sourabaya for the accommodation of the Dutch navy. 

his dock is 295ft. 8in. long by 78 ft. 8 in. wide outside, and 
its clear width inside varies from 68 ft. 10in. at the top to 
40 ft. 3 in. on the floor, the decrease being effected by a series of 
steps, as shown in Fig. 1. The total height of the dock is 
84 ft. Gin., and the height of the sides above the floor 27 ft. 9 in. 
As will be seen from the figure, both the sides and bottom are 
stiffened by diagonal trussing, and along the tops of the sides a 
wooden deck is carried for the whole length. The emptying of 
the dock is effected by means of a pair of centrifugal pumps 
worked by engines placed on the second floor of the dock, both 
the pumps and engines having been supplied by Messrs. Gwynne 
and Co., the well-known makers of centrifugal pumping 
machinery. ‘The engines have a pair of cyliuders 18in. in 
diameter with 14 in. stroke, and they are supplied with steam at 
a pressure of from about 37 lb. to 45 1b. per square inch by a 
single-flued Cornish boiler 6 ft. in diameter and 10 ft. 7 in. long. 
The pumps are in connexion with a series of pipes furnished 
with the necessary valves, so that the water can be drawn from 
any of the various compartments of the dock at pleasure. 

Figs. 2, 3, and 4 sm details of the valves for admitting 
water into the dock, and from these it will be seen that they 
consist of wooden sluices working in guides attached to the 
outside of the dock, the sluices being defended by a grating of 
iron bars placed outside them, and another finer grating 
being placed inside them, to keep any solid bodies from en- 
tering the pipes with the water. The sluices are opened and 
shut by means of rods, having racks formed at their upper 
ends, and worked by gearing. The arrangements made for 
shoring or steadying the vessel placed in the dock are somewhat 
peculiar, and are shown by Figs. 1 and 5. They consist of 
a number of bilge blocks sliding on transverse beams placed on 
the floor of the dock, and capable of being drawn into their 
places by chains worked from the deck, and of a series of in- 
clined and horizontal shores, the former hinged to the second 
step of the sides of the dock, and the latter situated at the deck 
level, and adjustable by gearing, as shown in Fig. 5. The draught 
of the dock, with 2 ft. 9 in. of water inside, is about 3 ft. | in., 
and when sunk for the purpose of taking in a vessel weighing 
3000 tons it is 31 ft. 7 in., the height of the water in the hollow 
sides then being 14ft. 9in. The draught of the dock when 
loaded with a vessel weighing 3000 tons is about 8 ft. 

The total weight of the materials of the dock is about 2100 
tons, about 33 tons of this being due to the steam engines, boilers 
and pumps. The erection of the dock at Sourabaya was com- 
menced on the 3rd of April, last year. An excavation had been 
made, which was kept dry by a centrifugal pump, and in this ex- 
cavation was put down a bedding of timber, upon which the box 
forming the bottom of the dock was erected. The water was then 
let into the excavation, and the side boxes were erected upon that 
forming the bottom after the latter had floated. The contractors 
were Messrs. Paul van Vlissingen and Dudok van Heel, of Am- 
sterdam, and the total cost, including extras, was about 38,400/. 
The greater part of the wrought iron used was furnished by the 
Société de Maroinet et Couillet, near Charleroi, and the re- 
mainder by English firms. The cast-iron work was also ob- 
tained partly from England, and was partly made at the works 
of the contractors. 


Stream Fire-enornes AT SALrarre.—On Saturday last, 
an interesting trial was made at Saltaire, with two of Messrs, 
Merryweather and Son’s patent long stroke steam fire engines ; 
one of these engines had a single steam cylinder of 8 in. dia- 
meter, and a horizontal double acting pump of 6 in. diameter 
with 18 in, stroke of piston, being on the same principle and of 
the same size as the engine “ Der Rhein ” which gained for these 
makers the first prize at the last competition of fire engines, 
that held at Cologne last year; the other engine had double 
cylinders each 6} in. diameter, and two double acting pumps 
each Sin. diameter and 18 in. stroke of pistons, being of the 
same construction as their first-prize engine ‘“ Sutherland,” at 
the Crystal Palace competition. There were present, George 
Salt, Esq., W. E. Carrett, We Alred, John Ingham, Dr. 
Rhind, and several members of the Bradford Corporation, Mr. 
Superintendent Hudson, of the Bradford Fire Brigade, &c., &c. 
The double-cylinder engine raised 50 1b. steam pressure from the 
time of lighting the fire in nine minutes, and got to work in an- 
other minute; when working through 160 1{t. of delivery hose 
and an 1} in. nozzle, it projected a continuous stream of water 
10 ft. to 15 ft. over a shaft 165 ft. high ; when tried for range, an 
1} in, stream reached a measured distance of 233 ft, from the 
nozzle, and a fair body of water was projected to 219 ft. distant, 
through an 1, in. nozzle, 169 ft. wasreached. The single-cylin- 
der engine took rather longer to raise steam, solely on account of 
using a very inferior coal (the boilers in both engines are of the 
same construction); this engine also projected an 1} in. stream 
fairly over the shaft some 10 ft., the pressure on the pumps of 
both engines reached 135 ]b., the average steam pressure being 
120 lb. per square inch. ‘The trials were considered highly 
satisfactory by those present, as both engines worked very 
steadily, and maintained steam easily, working without vibra- 
tion or oscillation, and being attended oniy by one engineer and 
one of the Corporation of Bradford firemen as a stoker. 

AUSTRIA AND THE Panis Exutprrion ¢ F 1867.—The Mémo- 
rial Diplomatique says: “* We regret to announce, on the authority 
of letters from Vienna, that the participation of Austria in the 
Paris Universal Exhibition of next year is very doubtful. The 
— manufactories of that empire are carried on in Bohemia 
and Moravia, and those provinces have been literally ravaged by 
the Prussian occupation, A large number of objects intended 
for the Exhibition of Paris have been carried off by the Prussians ; 
and, on the other hand, the exactions and contributions of all 
kinds imposed on the populations prevent the manufacturers of 
those districts from making any sacrifices to appear with honour 
in the general competition of 1867, Rather than be seen in a 


situation of undoubted inferiority, the Austrian manufacturers 
prefer to abstain from taking part in the Paris Exhibition, with 
the intention of reserving their efforts for that which is proposed 
to take place at Vienna in 1870.” 








PUBLIC WORKS CONFERENCES AT 
POONA. 


In August, 1864, a Public Works Conference was 
held at Poona, which was attended by a large number 
of executive engineers and the collectors of most of 
the adjoining districts. This, we believe, was not the 
first meeting of its kind. Its objects were to show 
what had been done during the last season, what was 
doing in the current season, what was proposed for 
future seasons, and how funds were to [ provided, 
with a view to the preparation of the budget for 
1865-66; such information being furnished under the 
several heads of irrigation works, harbour works, 
reclamations, military works, and bridges of various 
kinds. 

The information furnished by the printed report, 
however, refers almost entirely to roads, and the most 
remarkable point is the singular deficiency of the 
Bombay Presidency in that respect, more than two 
millions sterling being estimated as required to com. 
lete the several lines, nearly all of which are stated to 
e imperial. We do not —— to dwell at any 
length on the proceedings of the conference of 1864, 
as we have now before us the printed report of a simi- 
lar meeting held at Poona in the following year, 1865. 
One subject, however, deserves a passing notice, and 
that is a memorandum submitted by a St. C. 
Wilkins, R.E., on the subordinate establishment of 
the Bombay Public Works Department. The European 
overseers, it appears, are all taken from the Sappers, 
without any previous training, and the natural conse- 
quence is that they are quite unfitted for their im- 
portant duties, whether as builders, surveyors, or office 
clerks. The establishment of the New Engineering 
College at Poona will probably tend to remedy this, 
by providing a proper training establishment, but there 
seems no reason whatever for drawing the students 
solely from the Sappers. The Roorkee and Madras 
Colleges are open to the whole army, and the Sappers 
form a very small per-centage of the number of men 
annually trained. Captain Wilkins proposes a special 
training for the students—that they should be divided 
into four classes, viz. builders, surveyors, draughtsmen, 
and estimators, and that they should be compelled to 
make their choice ; but of the propriety of adopting 
such a course in India, where the establishments are 
limited, may well admit of a doubt, for, on the contrary, 
it would appear that, under such circumstances, a man 
should possess a more general knowledge of all 
branches of his profession than in England. Captain 
Wilkins expresses a high opinion of the native sub- 
ordinates, though he states that “the native mind is 
“ eminently unpractical.” 

The order summoning the meeting of a Public 
Works Conference at Poona, towards the latter end of 
August, 1865, called upon the Revenue Commis- 
sioners and the Superintending Engineers of Divisions 
“ to instruct the collectors and executive engineers to 
“ prepare, in concert, a brief general sketch of the 
“ »roceedings of the past season in the Public Works 

De vartment,and ofthe expenditure from both imperial 
and local funds, and also similar prospective sketches 
“ of what is proposed to be done in the coming sea- 
“son, and of what is in contemplation to bring for- 
“ ward for the next budget for execution in 1866-67.” 

One point which can scarcely fail to strike one on 
perusing the so-called “ Report of Proceedings of the 
Conference,” held last year, is the general absence of 
any expression of original views in connexion with any 
of the works alluded to, and of comment on any of the 
peculiarities of the districts reported on. This report, 
as the former once, refers to Fittle else besides roads 
and works connected with the construction of such 
lines of communication. In the vicinity of the railways, 
due attention seems to have been paid to the provision 
of roads to act as feeders; but the small amount of 
funds at the disposal of the local fund committees has 
seriously impeded the rapid progress of such works, 
and, with reterence to the want of feeders to the Bom- 
bay, Baroda, and Central India Railway it is_ stated 
that ‘the peculiar nature of the country through 
‘which the line runs makes the work of supplying 
“these feeders one of no ordinary difliculty and ex- 
“ pense, and though the utmost has been done that 
*“ the available funds would allow, much remains to be 
“ done, and it will be many years before wheel-con- 
“‘veyance of any description will be able to travel to 
“ some of the stations, and some of the large towns in 
“ the districts must be cut off from the benefits of the 
“ railways unless Government can assist the local funds 
“in this very desirable work.” Regarding the local 
funds of the Poona collectorate, it is stated that they 
are just sufficient to keep the local roads, travellers’ 


«“ 


of the latter, and the acting collector very justly 
remarks, “it seems almost useless to maintain the 
system of local funds, if there is nothing available 
“for the committee to spend on new works.” A 
similar want of funds for expenditure by the local com- 
mittees is also remarked on with reference to other 
districts, and the question naturally suggests itself 
whether means could not be found for raising funds for 
their use, whether by a one-anna cess on land, or 
the levy of tolls on the roads, or in such other 
manner as may seem best in each case. The 
importance of constructing railway feeders is two- 
fold: in the first place, without such means of con- 
veying goods to the railway the public must suffer, 
and by withholding such facilities of communication 
from the public the railways lose their traffic, the 
absence of which has to be compensated to the share- 
holders from out of the imperial exchequer. 


The collectorate of Rutnagherry seems to have been 
hitherto greatly neglected in respect to the provision 
of roads, for; says the collector, “ This district, after 
‘“‘ having been about fifty years under our rule, is still 
“ almost totally destitute of all means of communica- 
“ tion, either between its chief towns themselves or 
“ between them and other districts. Though an ex- 
“ cellent permanent cleared cart road can be made at 
* the meal are average mileage cost of 500 rupees, or 
“a good permanent road (unbridged, of course) for 
“that of 1000 rupees, yet to the present time the 
* chief town of the district has not a single road, even 
“ of the former description, connecting it with any other 
“ town in any single direction whatever, while no two 
“ large towns in the whole district are yet connected 
“together by any such road, and only two towns, 
“ Vingorla and Chiploon, have a good road leading 
“from them to other districts, and one other town, 
** Rajapoor, has a very circuitous and ordinary cart 
* road of the first description above mentioned, con- 
* necting it also with the Saaee. Such is the nearly 
* total want of roads, that most of the traffic has to be 
“ earried on by means of coolies, reluctantly carrying 
“loads on their heads, and yet this district pays a 
“higher revenue, in proportion to its produce, to 
“ Government than any other, and itself absorbs little 
“of the general revenues in other ways.” Of the 
Zilla of Kaird it is also stated as follows : “Speaking 
“ generally, the various districts of which it is com- 
“ posed came into our possession in the early part of 
“ this century, and they have since then paid a sum 
* equal to about 94 millions net into the Government 
“treasury. In return for this we can show one in- 
“ significant irrigation work and eight miles of road.” 

In a paper read before the conference, by Captain 
Mellis, referring to the manner in which certain stores 
are obtained in India, that officer states: “The Govern- 
“ment are, I believe, losers in prohibiting execu- 
“tive engineers dealing direct with English manufac- 
“turers. The great delay which occurs in obtaining 
“ materials through the authorised channel—the Secre- 
“tary of State for India—prevents every officer who 
“is anxious to see his work completed speedily having 
* recourse to that method of obtaining stores, and in 
“purchasing iron (our principal want) a very large dis- 
** count is usually allowed, which the Bombay agents re- 
“ceive. This discount varies with the fluctuations of 
“the Staffordshire iron market, and in January last it 
“was advertised by some of the great manufacturers 
“to be as high as 20 per cent. I do not think, 
“either, that the charges for stores received from 
“ England, are always as low as executive engineers 
“could obtain them for. I lately showed Messrs. 
“Nicol and Co. a bill for iron girders received from 
“ England, through Government, and they at once ex- 
“pressed themselves ready to contract for more at 
“the same prices.” There is doubtless much to be 
said in favour of Captain Mellis’s proposition, both 
on the score of expedition and cheapness ; but, con- 
sidering the small amount of funds available for new 
works in India, expedition in construction may also 
imply the exhaustion of allotments before the close 
of the working season: economy in price might also 
be obtained at a sacrifice of quality in material or 
workmanship. The delay of which Captain Mellis 
complains is doubtless irksome to an energetic offi- 
cer; but part of the time apparently lost is doubtless 
devoted to the inspection and testing of such stores 
before their transmission to India. 

On the subject of working by contract, Captain 
Mellis states that it has entirely failed at Poona, 
where all works of any importance are now carried 
out departmentally. But of this he expresses no sur- 
prise, as he never knew the contract system succeed 
in any instance where contracts had been let at the ordi- 





bungalows, &c., in repair, and to pay the establishment 


nary office rates. Indifferent work and materials, he 
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says, may sometimes save contractors from actual loss, 
but a high percentage must be put upon office rates 
to ensure the system succeeding. These remarks do 
not apply to the petty contract or taskwork system 
of paying labourers by measurement of their day’s 
work, and this he has encouraged whenever he has 
been in a position to do so, Alluding to the diffi- 
culty in obtaining labourers, that officer remarks: 
“T believe that the time has fully arrived for bringing 
‘steam machinery to our assistance in economising 
“manual labour, and that, until this is done, the diffi- 
culty we find in the carrying out our works rapidly 
“ and with economy will not be overcome. The difficu . 
“ties I have always experienced in using machinery is 
“in obtaining trained engine fitters and drivers. The 
“ salaries paid to these men in Bombay are now so ab- 
“ surdly high that it almost prohibits our seeking them 
“there. A man from the dock yaad I lately employed 
“was paid 400 rupees per mensem.” At such a rate, 
we should think, the saving effected by the use of 
steam would, excepting in large works, be little more 
than sufficient to pay the engine driver’s salary; but 
Captain Mellis’s suggestion for training overseers of 
the Public Works Department in the use and manage- 
ment of a steam engine is so thoroughly a practical 
solution of the difficulty, that we should think but 
little difficulty would be experienced in persuading 
Government to adopt it. 

Such conferences as those we have now noticed, 
might doubtless be conducive of much good to the 
department, and much information might be diffused 
by them if a little more latitude were adopted in the 
several reports; and if the meetings could be held at 
different places within the Presidency, much local 
knowledge might he obtained, and they would become 
the means of an exchange of information, and of en- 
suring a unity of action under different authorities, 
the absence of which is, at present, one of the greatest 
obstacles to the successful working of the Public 
Works Department. 








THE WILSON FURNACE. 

Tue workmen at the Milton Ironworks of Messrs. W. H. 
and G. Dawes have from the first steadily opposed the introduc- 
tion of Mr. Wilson’s improved furnaces. They sent, this week, 
for the reporter of the Sheffield Independent, and they have had 
the following article for their pains. It is from Wednesday's 


ri: 

A strike which cannot have anything but a very injurious 
effect is threatened on the part of the puddlers in the employ of 
the Messrs. Dawes, of the Milton Ironworks; but it is to be 
hoped that the men, not only for their own sakes, but for the 
progress of invention, will reconsider their decision. The cause 
of the strike is the introduction by the Messrs. Dawes of pud- 
dling furnaces erected on the principle of Mr. E. B. Wilson's 
patent, the puddlers refusing to work the furnaces unless they 
are allowed men ‘to fire,’ and also an addition to their average 
weekly earnings. This demand, it is considered, is perfectly 
unjustifiable, as it is urged by Mr. Wilson—and from a personal 
inspection we can say with every show of reason—that his fur- 
naces require less working than the old ones; that, in fact, a 
child might work them, and that to the puddlers the heat would 
be less intense than by the old furnaces. The men, however, 
contend that the contrary is the case, and on Monday they re- 
fused to work the furnaces. Whatever may be their grievances, 
if any, they cannot in the present instance say they have 
been hardly dealt with; for as soon as they expressed their de- 
termination not to work the furnaces, Mr. Wilson telegraphed 
to the leaders of the Puddlers’ Union at Newcastle, desiring that 
they would inspect his furnaces and have a conference with him 
with regard to the decision of the men. An answer was re- 
turned that they would pay a visit to the works, and it was 
expected that the conference would take place yesterday after- 
noon; but at six o’clock in the evening the leaders of the union 
had not arrived at the works. It is probable that the conference 
will take place to-day, and that on Saturday definite steps will 
be taken. Of Mr. Wilson’s invention it is impossible to speak 
too highly. Its chief characteristics are perfect consumption 
of smoke, greater heat than can be obtained by the old furnaces, 
and less fuel required in working. In addition to these manifest 
advantages, Mr. Wilson contends that his furnaces can be much 
more easily worked than can the old ones ; and we believe it is the 
intention of the Messrs. Dawes to have the new furnaces worked, 
whatever decision the puddlers in their employment come to. 
Furnaces, according to Mr. Wilson’s yp and fitted up 
under his direction, have been at work for some time past in 
the mill, and have been found to answer exceedingly well, there 
being no smoke, intense heat, less fuel required in working, and 
a greater yield of iron. Some objection, we understand, was at 
first raised by the mill hands to working the furnaces, in con- 
sequence—and the puddlers make a similar odjection—of having 
to descend a small pit for the purpose of removing the ashes. 
At the end of each ‘ heat,’ however, all the ashes can be re- 
moved in a few minutes, at the outside five; for one of the cha- 
racteristics of Mr. Wilson’s invention is that all the fuel is con- 
sumed, consequently not so much time is occupied, nor are the 
men put to so much inconvenience in removing the refuse, as is 
now the case with the old bar furnaces. The objection on the 
part of the mill hands to working the new furnaces has in most 
cases been withdrawn; but a furnace on Mr. Wilson’s principle 
remains unworked in consequence of the prejudice entertained 
against it. The strike, if carried into effect, will be one of vast 
importance, as there can be no doubt that furnaces on Mr. 
Wilson’s principle will in course of time be erected in all iron- 
works throughout the country.” 





LONDON WATER SUPPLY. 
To tHe Epitor oF ENGINEERING. 


Str,—Whilst the future water supply of London 
excites so much interest, and eau schemes, the 
principal object of which is to obtain a more whole- 
some water than at present supplied, are before the 

ublic, it may not be out of place to consider how far 
it might be practicable to serve the metropolis with 
spring water sufficient for drinking and culinary pect 
alone, entirely separate from the existing supply, which 
would still be required for baths, washing, cleansing, 
watering streets, flushing sewers, supplying steam- 
engines, &c. &c., and for which (as a cute writin 
to the Zimes a short time since very truly remarked 
such water is good enough ; and -although it is to be 
hoped in a few years, owing to improved sanitary 
arrangements, both the Thames and the Lea will be 
restored to their ancient salubrity, still neither from 
them, nor from any other river which runs through 
many miles of inhabited country, can a supply of water 
be obtained equally wholesome or palatable as from the 
chalk and other springs in the neighbourhood of 
London. A supply of 10,000,000 or 15,000,000 gallons 
per day coal be ample, and this, instead of being 
taken from the Thames or its tributaries, must be ob- 
tained either from the springs by which these are sup- 
plied or from deep Artesian wells sunk in the chalk or 
greensand formations under London. Which would be 
the most expedient of these methods is a subject re- 
quiring considerable investigation. From springs at 
Grays, in Essex, the South Essex Water Company say 
there are 6,000,000 gallons daily, or even three times 
this amount, that might be conveyed to London. From 
the Chadwell and Amwell springs of the New River 
Company, 4,000,000 gallons; from Watford, 2,000,000 
at. least; and probably from the neighbourhood of 
Guildford or Dorking, though distant, a large amount 
of water might be conveyed to the metropolis. From 
these, or from some other source, a sufficient supply of 
good wholesome water might be conducted or pumped 
up where necessary to service reservoirs, situated at 
high elevations on the north and south sides of London, 
suitable to the levels of the respective districts to be 
supplied, with a set of pipes and mains in connexion 
with each on the constant.service principle ; and, in 
order to bring the advantages of this supply equally 
within the reach of all who chose to te themselves 
of it, drinking fountains, or rather hydrants with cocks, 
should be placed at distances not exceeding 150 yards 
apart, where the inhabitants could fill their jugs, &c. 
And as the quantity of water required by any indi- 
vidual for drinking and cooking can scarcely exceed a 
gallon a day, this plan, whilst it would not put those 
who really require Sey water to much inconvenience 
in getting it, would at the same time be a check on the 
great waste which might take place if laid on to each 
individual house. If laid on to any premises by the 
request of the owner, a meter should be fixed, and a 
heavy price charged in addition to the ordinary rate, to 
prevent the water being used for other than the pur- 
poses for which it is intended, and for which, if not 
wasted, 10,000,000 gallons per day would be found an 
abundant supply. 

The probable cost of carrying out such a scheme 
would be : 


£ 

Engines, pumps, and wells 80,000 
Pipe aqueducts . ° 250,000 
Service reservoirs . 45,000 
Land. ° . 10,000 
Law and engineering ° 50,000 
Distributing pipes ‘ ° - . 8,500,000 
8,935,000 

10 per cent. 393,500 


. £4,328,500 


C. F. Gower. 
3, Westminster-chambers, Victoria-street, 
August 22, 1866. 


Total . ° 





Borer Exrosions.—A new boiler exploded on Tuesday 
morning, at Messrs. Rigby and Beardmore’s, Parkhead Iron 
Works, Glasgow. Six men were killed, and several others 
severely injured. The boiler, which supplied a large steam- 
hammer, was 36 ft. high, 5 ft. Gin. in diameter, made of ,Z, in, 
plates, and was worked at 45 lb., and had been proved to 100 lb. 
The cause of the explosion is not at present known. Another 
explosion occurred on Wednesday morning, on board a steam 
yacht leaving Runcorn. Thtee persons were killed, ard others 
were severely injured. The half-yearly report of the Midland 
Boiler Association states that 2086 boilers are now under in- 
spection or assurance. With the exception of one failure of an 
exceedingly trivial character, none of these boilers had exploded 
during the half-year. 5055 inspections had been made, of 
which 610 were in the inside, and 658 in the flues. 





METALLIC CARTRIDGES FOR BREECH- 
LOADING RIFLES. 
To tHE Eprtor or ENGINEERING. 

Srr,—The Government of the United States at an early day 
established a uniform calibre both for muskets and carbines, and 
adopted ammunition put up in such a form that no change of 
weather will affect it, and compen even complete immer- 
sion in water, will do it no injury.: } ammunition is, without 
doubt, entitled«to superionity over the ae cartridge as 
at present used. . The'po and: explosive fulminate are both 
deposited in a metallic shell, the ball is put in, and the shell 
closed tightly around it, 9: sharptblow, being necessary to ignite 
the fulminate in the rim of the cartridge-shell, By this means 
the powder is preserved from. any action of the'weather, ‘and the 
cartridge is at all times ready for use, while: it red: hs rl 
ported with perfect safety. As the process .of ure 
may be interesting to your readers, I will now give a short de- 
scription of it as practised at the United States Armoury, 
Springfield, Mass. a ben 

‘The copper sheets from which the shells are made measure 
No. 22 wire gauge, say .028 of an inch. A flat dise is punched 
out, another punch, playing inside the first, on the shell; the 
cups are then passed on to another punch, which deepens and 
brings them into a thimble-shape. After this they are annealed, 
or made more ductile, by heating and dipping in water.. They 
are then pickled in diluted sulphuric acid to remove.the scale, 
and thoroughly washed in soap-suds. The shells now undergo 
two further lengthenings under suitable punches, and are cut to 
lengths by a special machine. 

The heading machine, which makes the rim for the lodgment 
of the fulminate, is now brought to bear on the same principle 
as heading rivets or screw blanks, ; 

Next is the operation of distributing the fulminate in the rim 
of the shell. A copper plate perforated with holes ,9, in. diametet 
is used. This plate is laid on a flat surface, and the fulminate 
passed over the surface of the plate, filling the holes, and so 
distributing the fulminate that an equal quantity shall be put 
in each shell. This plate, with the fulminute adhering, is then 
placed on a parcel of shells standing upright, and each shell 
receives. a pellet of the fulminate. Each shell is then held in 
turn under a vertical spindle, which is made to revolve rapidly. 

The end of the spindle is flat, and is cut into four or five 
parts. This machine has leather friction bevelled rolls, and the 
power is obtained ubronge wooden pulleys. The machine used 
above is a very simple thing placed upon a bench with a single 
peas oc I annex a sectional view of a metallic cartridge for 
carbines. 





I will now examine these cartridges on their merits as 
regards cost and danger of premature explosion, objections that 
have generally been raised by persons who have not had ex- 
perience in their manipulation, and I may add that the 
remarks here put forward are taken from correspondence with 
some of the most distinguished officers of the United States 
— under whose notice the facts have come that are here 
stated. 

General Dyer, Chief of Ordnance, says: 

“ We have not sufficient data from which to determine the 
“Yelative cost of metallic and paper cartridges, but it is 
“* believed that while the first cost ot the metallic cartridge is 
‘* greater than that of the paper cartridge, the small loss in 
“field from accidents of service of the metallic cartridge as 
‘compared with paper cartridge would more than counter- 
“balance the difference in the first cost. The cost of paper 
“cartridges at prices of materials last purchased is about 
“19 dollars a thousand; we have not manufactured a sufficient 
“ quantity of metallic cartridges at the arsenal to determine 
“ their cost.” 

A manufacturer of cartridges informs me they can be made at 
$20 to $25 per thousand. In confirmation of the perfect safety 
and non-liability to waste, I have the authority of Colonel J. G. 
Benton, U.S.A., who writes:—‘ Having been charged with 
“issuing and receiving many millions of metallic cartridges at 
“the Washington Arsenal, / have never known one to explode 
“in handling nor in transportation. Out of several hundred 
“ thousand turned in from the field, very few indeed were found 
“* at all injured, while a large portion of the paper cartridges 
“turned in had to be broken up from being either worn or in- 
‘*jured by dampness.” 

These letters require no comment. If by possibility a car- 
tridge explodes (of which there is not the slightest danger 
unless it receives a decided blow), this one will not cause others 
to explode. The writer has seen large quantities of metallic 
cartridges fired into by rifle ay and only one or two fairly 
struck ty the shot exploded. He has samples which have been 
tumbled together in a barrel till twisted and bent entirely out of 
shape, and the balls battered down almost to the shell, and yet 
not one exploded. 

This he thinks conclusive evidence in favour of the use of the 
metallic cartridge. 


3, George-yard, Lombard-street, E.C. H. Greveup. 








OxyYGEN EXTRACTED FROM THE Arr.—Mons. Tessié du 
Mothay has invented a process for obtaining a supply of oxygen 
from the atmosphere, which he proposes to show in operation in 
the Exhibition of 1867. The process is stated to be extremely 
cheap, and adapted to the production of gas on a large scale. 
Permanganate of soda is the agent employed. A solution of 
this salt is placed, under ys conditions and at a suitable 
temperature, to be traversed by a current of air, by means of 
which the oxygen of the air is seized upon by the solution, and 
the nitrogen is set free. When sufficiently saturated with 
oxygen, the current of air is replaced by a current of steam, 
which, without decomposition, drives off the oxygen almost 
absolutely pure. The permanganate solution, which by the 
condensed steam has become diluted, is then concentrated by 
the addition of fresh salt, and the operation repeated. 
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WOODEN DISC RAILWAY WHEELS. 
(For Description, see Page 136.) 
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THE ENGINEER’S HOLIDAY. 

Wuetuek their leisure be voluntary or enforced, the 
engineers are all away, some to the moors, some to 
their own or their friends’ yachts, many to the sea- 
side, many more to quiet country places, others to the 
Continent, and others yetto America. There is more 
or less routine work left for some of the assistants to 
t through, but many of these also are having a holi- 
, vod of indefinite length from the stoppage of works. 
The country is passing through times of great 
trial, but we have the consolation of knowing that 
legitimate trade is generally in a sound state, the rail- 
ways earning more than ever, and that the distress 
which exists in many quarters is not due to any mania 
for engineering schemes, but to a destruction of con- 
fidence caused in the first instance by unsound banking 
on the part of two or three houses, and in the second 
by a systematic and abominable course of attacks upon 
that credit without which no bank is sound. Such 
causes of financial disturbance are not in their nature 
permanent. .We have once more peace, the prospect 
of a good harvest, the cattle plague nearly at an end, 
the cholera abating, and the curse of constant workmen’s 
strikes to some extent checked by the lock-outs in some 
uarters and the enforced closing of works in others. 
ngineers have as much work before them as ever, and 
whether among the grouse or under the spreading sail, 
on the shingle by the sea-shore or amid kine and 
sheep on old English farms, whether by the Swiss lakes, 
or on the boulevards of Paris, or the stradas of Florence, 
or in New York, or at Niagara Falls, as much prepa- 
ration for the future is being now made as ever. Great 
engineering schemes require much time for their ma- 
turity in their ultimate form, and although we may not 
perhaps hear of them in the next session, even an- 

other year’s delay will not lessen their importauee. 








THE VICTORIA BRIDGE WIDENING. 


Tue new system of high-level railways at Battersea, 
and the additional lines into Victoria Station, which 
were planned some three years since by Sir Charles 
Fox and Son, for the purpose of avoiding the severe 
gradients and curves of the West End and Crystal 
Palace Railway, and affording relief at the entrance to 
the West End terminus of the London, Brighton and 
South Coast and the London, Ghatham and Dover 
Railways, where serious delays are at present con- 
stantly taking place from the overcrowded state of the 
lines, are now rapidly approaching completion, and the 
engineers expect that two lines will be opened into the 
station during the present month, and the whole system 
shortly afterwards. 

The works upon these railways, already completed, 
are of a very heavy and interesting character, formin 
a complicated network of lines between the river an 
the station at Clapham Junction. 

The new “ Victoria” Bridge over the Thames, which 
forms the key of the whole, has four river spans of 175 ft, 
in the clear, and two land spans of 65 and 70 ft. respec- 
tively, and is 98 ft. in width. In accordance with the 
provisions of the Act of Parliament, it is placed imme- 
diately contiguous to the “ Victoria” Bridge built by 
Mr, Fowler, some years since, for the Victoria Station 





and Pimlico Railway Company, the spans and rise 
being the same, and the new piers and abutments 
being so constructed above low-water mark as to give 
the appearance of their being in one with those of Mr. 
Fowler’s bridge; the foundations and ironwork are, 
however, entirely distinct. The new bridge provides, 
within the width mentioned, for two mixed-gauge 
and two narrow-gauge lines for the traffic of the 
London, Chatham and Dover, and Great Western 
Railways, together with an additional narrow-gauge 
line for the London, Brighton, and South Coast Com- 
pany, making five lines in all. A space of 33 ft. 6 in., 
which will be at present occupied by up and down 
platforms, is also so arranged as to be available, at a 
small additional cost, for three more narrow-gauge 
lines, so that with the two lines on the present bridge, 
and which will be used for the London, Brighton, and 
South Coast Company’s traffic, the Victoria Bridge— 
which will be by far the widest railway bridge in the 
world, having a clear width of 132 ft. between the 
parapets—will be capable of accommodating eight 
narrow and two mixed gauge lines, or a total of ten 
lines of way. 

The abutments of the new bridge, which are 103 ft. 
in length, were carried down, by means of double coffer- 
dams of timber, to foundations averaging 35 ft. below 
high-water mark. Each of the three river piers is 
founded upon the London clay at a depth of 45 ft. 
below high-water mark. 

The foundations were carried down by means of four 
cast-iron cylinders in each pier, 21 ft. in diameter and 
1 ft. 4 in. in thickness, and these were all sunk with 
great rapidity and ease, the average time of sinking to 
the entire depth being seven days, the weight of kent- 
ledge employed being about 100 tons, and the average 
number of men about fifteen. 


The cylinders, when the bed of the river within 
them had been excavated to the required depth, were 
filled with concrete in cement to the level of the bed, 
and thence to just below low-water mark with brick- 
work in cement, and the brickwork was then loaded 
with kentledge equal in weight to the superstructure 
loaded with locomotives, being in the case of the cylin- 
der nearest the old bridge 1260 tons and in the others 
1000 tons; the greatest settlement being Zin. The 
chief object of this heavy test was to prevent any 
future settlement when ‘the piers were Seated into 
those of the other bridge. A course of masonry was 
then firmly bedded upon the brickwork, and the tem- 
porary upper cylinders being removed, a framing of 
cast-iron girders was fixed to carry the masonry face, 
and arches of brickwork being turned from cylinder 
to cylinder to carry the superstructure. The piers 
were bonded up with those of Mr. Fowler’s bridge, 
and carried up solid to the springing line. 

The abutments and piers are faced to within a few 
feet of the springing with ashlar masonry of Roche, 
Portland, an above that level partly with Bramley 
fall and partly with picked bricks. The arched ribs, 
of which there are eight in each span, or thirty-two 
in all, are 3ft. 4 in. Toms and 1 ft. 6in. wide in the 
flanges; but in the centre they merge into the hori- 
zontal girder, and give a total depth of 4ft.6in. The 
ribs are constructed to act chiefly as cantilevers, and 
the horizontal girder, which is connected with the 
arched ribs by spandrils of wrought iron, is rivetted 
up and forms one continuous girder from end to end 
of the bridge, being a total length of 912 ft. 

Careful observations, taken on hot and cold days, 
have shown that the expansion and contraction cause 
simply a rise of 2in. in the arched ribs, whilst a great 
saving of material is gained by this mode of construc- 
tion. The ribs abut upon cast-iron skew backs, from 
which, in the piers, cast-iron standards are carried up 
to support the horizontal girder, so that from end to 
end the bridge forms a continuous structure of iron 
without the intervention of any masonry or brickwork. 
The cross girders, which are 12in. deep, and placed 
6 ft. apart, are rolled beams of the Bullerley Company’s 
manufacture, and the rails are carried by baulks of 
timber laid upon similar beams 9 in. deep. The bridge 
is strongly cross-braced both horizontally and vertically, 
and, to prevent any swaying movement of the arched 
ribs, claht light plate girders are introduced between 
each pair. “ ‘The bridge has just been carefully tested 
by Captain Rich, the Inspector of the Board of Trade, 
with eight of the heaviest engines of the London, 
Chatham and Dover Railway Company, with the follow- 
ing results: Greatest deflection of loaded ribs, 175 ft. 
span, Zths of an inch ; simultaneous rise of correspond- 
ing ribs of next spans, {th of an inch. Deflection of 
adjacent unloaded rib (showing great stiffuess of plat- 
form), #th of an inch ; deflection of girders over land 
arch, 70 ft, span, §ths of an inch, 


The chief materials in the present structure are as 
follows : 


8200 cubic yards concrete. 
13,800 ,, 4, brickwork. 
90,000 ,, feet masonry. 

284,000 ,, 


y. timber, in temporary staging platforms. 
do. do. 0. 


3600 ,, wrought iron. 

The bridge over the Thames is being constructed 
jointly by the two companies who will use it. 

We shall hope very shortly to give an account of the 
= on either side of the river connected with this 

ridge. 

The work has been ably carried out by Mr. Curry on 
behalf of Messrs. Peto and Betts, the contractors, from 
the desi and under the superintendence of Sir 
Charles Fox and Sons, Mr. Edmund Wragge being the 
resident engineer. ‘lhe ironwork was supplied and 
80 by Messrs. Ormerod, Grierson and Co., of Man- 
chester. 


INDIA ENGINEER APPOINTMENTS, 1867. 


Ay advertisement has already been issued from the 
India Office, respecting a competitive examination of 
candidates for junior appointments in the Engineer 
Establishment of the Department of Public Works in 
India, to be held at the India Office in July, 1867. 
The particulars of this examination are very similar to 
those of former years. The necessary qualifications for 
admission are precisely the same as heretofore ; but the 
printed particulars to be obtained at the India Office 
are pov 4 more copious than have ever hitherto been 
published, for, in addition te the usual particulars of 

ualification, and list of subjects of examination, with 
the number of marks obtainable in each class of sub- 
jects, the papers published this year give a table of 
grades and salaries, followed by an official statement of 
the position of suecessful competitors at past exami- 
nations. Thereare also given extracts from the rules 
for the grant of leave of absence and pensions to un- 
covenanted servants in India, which are applicable to 
all Civil Engineers appointed from England, and, in 
addition, a copy of the form of covenant which: each 
successful candidate will be required to sign previously 
to his departure to India. ‘These papers are, as is 
stated in the advertisement, obtainable at the India 
Office on application, either personally or by letter ad- 
dressed to the Under Secretary of State for India ; the 
following extracts may, however, be of use in enabling 
some intending candidates to discover whether they are 
eligible for admission to the examination previously to 
their taking further steps for obtaining information on 
the subject. 

Candidates must be British subjects, and must not 
have passed their twenty-fourth birthday, and they 
must have passed—I. not less than three years as 
articled pupils of a civil, mechanical, or mining en- 
gineer ; II. not less than three years in practice under 
a civil, mechanical, or mining engineer; or, III. not 
less than three. years altogether, of which part ma: 
have been passed in practice under a civil, mechanical, 
or mining engineer, and part in studying civil, mecha- 
nical, or mining engineering in a school or college re- 
cognised by the Secretary of State as possessing an 
eflicieut class for instruction in one or other of those 
professions, with the proviso that one year at least of 
the three must have been passed in practice under a 
civil, mechanical, or mining engineer. 

The candidates whose certificates may prove to be 
satisfactory, and who may succeed in passing a preli- 
minary examination before the Indian Medical Board, 
will first be required to write English from dictation, 
and unless found able to do so with accuracy and faci- 
lity, they will not be permitted to remain during the 
subsequent examination. The other subjects of exami- 
nation, and the maximum number of marks obtainable 
for proficiency in each class of subjects, will be the 
following : 

Mathematics—arithmetic, mensuration, and trigo- 
nometry, including heights and distances. Algebra : 
elementary principles, simple and quadratic equations, 
surds, ratios and proportion, arithmetical and geome- 
trical a oT combinations, and the binomial 
theorem—LEuclid: Ist, 2nd, 3rd, 4th, 6th, and first 
twenty-one propositions of the 11th Book.—220 marks, 

Statics—composition and resolution of forces, the 
centre of gravity, the mechanical powers ; roofs, arches 
and bridges, strength of materials, and friction. Dy- 
namics : first principles, collision of bodies, uniformly 
accelerated motion, circular motion and centrifugal 
force, labour and machinery. Hydrostatics and dyna- 
mics : pressure of fluids, specific gravity, and equili- 
brium of floating bodies, elastic fluids and atmospheric 











pressure, hydrostatic machines.—180 marks. 
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Engineering — projects for bridges, locks, dams, 
roads, tramways, and other engineering works ; irriga- 
tion, drainage, water supply, sewerage and mining ; 
making working drawings of machinery and plans, ele- 
vations and sections of buildings ; carpentry, ironwork, 
and properties of materials in general ; free hand-draw- 
ing; map-drawing.—280 marks. ‘ 

Framing of estimates and specifications from given 
plans and data.—80 marks. f 

Surveying—trigonometrical surveying and travers- 
ing with the theodolite, land-surveying with compass 
and chain, and plotting from a field-book ; levelling 
and use of the iustruments employed; and geometrical 
drawing.—240 marks. 

No candidate will be passed who shall not obtain 
600 marks, of which not less than 200 must be awarded 
for mathematics, not less than 180 for engineering, 
and not less than 100 for surveying. The candidates 
who may obtain the prescribed minimum number of 
marks will be ranked by the examiners in the order of 
the numbers they may severally obtain, and of these 
the twelve who may stand highest on the list will be 
nominated. 

The pay on first appointment is 172. a month, and 
the first year of service is considered one of probation. 
The following is a list of the grades and salaries of the 
Bengal Presidency, and which differ but slightly from 
those of Madras and Bombay : 





Salary per 





Grade, | Mensem. 

| Rupees. 
Chief Engineer, Ist Class . . . . +s. 2500 
-- - 2nd < peblininte tne at a 2000 
” ” 4rd a eae 1750 
Superintending Engineer, Ist Grade . 1600 
99 s Me w 6 2 6 1400 
a - 3rd » + 1200 
9 99 Ge «.+« 6 « 1000 
Executive es Ist a he oo 900 
- o ” ae 750 
o Ga ae ML a 640 
Me at) MT a GS a 500 
Assistant 9 Ist. gw oe | 400 
" ~ me ie © @ oe 4 300 
99 9 a a er 200 


The promotion of officers of the Public Works De- 
partment rests with the Governments in India, and is 
regulated by the exigencies of the service, and by 
reference to the services and merits of individuals. 

We do not now give any extracts from the rules for 
the grant of leave of absence and pensions to un- 
covenanted servants in India, as they will be found 
given at some length at page 319 of our first volume ; 
the present position of successful competitors at past 
examinations was also given at page 430 of the same 
volume, so that it is needless to repeat the information 
here. 

The form of covenant is, we believe, considerably 
altered from that previously in use. The leading points 
of that document are briefly as follows: The nominee, 
who is therein styled the “said civil engineer,” will 
receive from the Seeretary of State in Council “ a free 
“ passage to India, and all necessaries for his accom- 
“ modation during such passage.” On arriving in 
India, the said eivil engineer “ shall and will submit 
* himself to the orders of the Government there, and, 
“if so directed, will attend at any Civil Engineering 
* College, or other educational establishment, and 
“ during his attendance there shall perfect himself in 
“ the profession of a civil engineer, and shall endeavour 
“to acquire a competent knowledge of one of the 
“ native languages.” During the whole period of his 
remaining in India he is not permitted, either directly 
or indirectly, to carry on or be concerned in any trade, 
traflic, or business whatsoever, but must devote his 
whole time and attention to his professional studies 
and duties. The length of service for which each 
nominee is bound by the covenants is ten years, com- 
mencing from the date of his being placed on the 
establishment of the Publie Works Department, during 
the first year of which period he will be considered as 
on probation, and subject to dismissal in the event of 
his failing within that time to qualify himself for that 
establishment. In addition to his } ay, it is covenanted 
that the Government in India shall provide each 
engineer with all the necessary articles which may be 
required by him for the due performance of his public 
duties in the East lndies, according to the rules of the 
service, and will also make such allowance for his 
travelling expenses to be incurred in the prosecution 
of his duties as shall be awarded by the rules of the 
Public Works Department for the time being. (A list 
of travelling allowances, granted under the rules as 





they at present stand, will be found at page 392 of our 
first volume.) Also, whilst he shall be completing his 
studies, he will be allowed free quarters in addition to 
his monthly pay, and will, if compelled through ill- 
health to quit the service before the expiration of ten 
years, be provided with a free passage to England, and 
all necessaries for his accommodation during such 
passage. In the event of the civil engineer subjecting 
himself to the penalty of dismissal from the service, it 
is covenanted that he shall pay to Government a sum 
equal to one year’s salary as liquidated damages; and, 
in the event of his absenting himself from his duties 
without leave, or, in the event of sickness, without 
submitting a medical certificate of the fact, he will be 
liable to a penalty of 1/. per diem for every day he 
shall be so absent. 

The foregoing are the leading points of information 
contained in the printed papers issued from the India 
Office. It is to he regretted that the rate of pay af 
the commencement has not been raised from 17/. to 
20/. per month—the present pay of assistant engineers 
of the third grade in India—as it is quite impossible 
for any young man, without the sddition of some 
private means, to provide himself with all the neces- 
saries of Indian life, and at the same time keep out of 
debt, on so small a salary as 200/. a year. This sub- 
ject has, we believe, already attracted the attention of 
some persons in authority, which will, we earnestly 
hope, lead to some decision honourable to the Govern- 
ment and conducive to the welfare and popularity of 
the service. 

RECENT PATENTS. 

AGain about one hundred and sixty specifications 
have been published this week, equal to nearly three 
weeks’ issues of provisional protections. As a rule, we 
do not notice the specifications of inventions which do 
not proceed honed the stage of provisional protection. 
Those noticed may be obtained from the Great Seal 
Patent Office, Chancery-lane, on remitting the price in 
stamps. The patents noticed weekly in our columns 
are all, so far as their numbers go, in which we believe 
our class of readers take an interest. We are com- 
pelled, however, to leave over this week several speci- 
fications which will be noticed in our next. 

(No. 2865, 1s. 4d.) Esplen and Clark, of Liverpool, 
patent a steering gear in which a system of hydraulic 
apparatus is interposed between the steering wheel and 
the tiller. The axis of the steering wheel has a screw 
which drives a ram in a press cylinder, and the water 
thus subjected to pressure is made to work one or the 
other of two small hydraulic rams connected one to 
each side of the tiller. We fail to see what is to be 
gained by this plan, as the effective strength of the 
steersman cannot be much greater when — toa 
hydraulic press than when exerted upon a block and 
tackle giving the same multiplication of the force 
applied. 

(No. 2869, 1s. 4d.) W. E. Newton, of Chancery- 
lane, as the agent of Captain Ericsson, of New York, 
patents the naval gun-carriage and compresser which 
we illustrated in our last volume, pages 233 and 334. 

(No. 2870, 4d.) Francis Prange, of Liverpool, pro- 
poses to make steel or homogeneous metal by melting 
100 lb. of iron scraps along with } lb. borax, 2 oz. to 
3 oz. of carbonate of ‘cadmium, $ lb. horse-chesnut 
meal, } 1b. tartar argols, and $b. charcoal, which is 
the enly ingredient, we should expect, which weuld be 
effective. “ When employed” adds the patentee “ the 
juice of four white onions.” 

(No. 2872, 6d.) G. A. Jasper, of Boston, U.S., 
patents liquoring sugar, while m the centrifugal ma- 
chines, by introducing the liquor under pressure, either 
from compressed air in a receiver or from an artificial 
head of twenty or thirty feet. The liquor is to be let 
on by a hose with a “ foraminous nozzle,” which we 
suppose means a rose, like that of a watering-pot. It 
is alleged that this mode of liquoring will save sugar, 
and clean it better than hand-hquoring. 

(No. 2876, 10d.) Robert Swires, of Manchester, 
patents a grinding apparatus for carding cylinders and 
doffers. The grinder, instead of being an emery roller, 
is formed of steel, cut with fine Y grooves around its 
circumference, these being again cut transversely to 
act like file teeth. The roller is a narrow one, and is 
made to traverse across the width of the carding 
engine upon a slide rest, suitable driving gear being 
employed. 


(No. 2880, 8d.) J. H. 





Johnson, of 47, Lincoln’s 
Inn-fields, as the agent of a Yankee inventor, patents 
lacing a window in each gore of an umbrella. The 
idea is an old one, if it has not, indeed, been patented 
before ; but the Yankee shows a good practicable mode 
of fixing the glass in the fabric of the umbrella. 





(No. 2881, 10d.) N. Beard and J. Maiden, of Hol- 
linwood; Lancashire, patent a complicated lubricator, 
with pawls, eambs, and catches, for admitting oil, under 
the full boiler pressure, into steam cylinders. 

(No. 2882, 4d.) G. A. Ermen, of Eccles, Lan- 
cashire, treats straw, grass, sea-weed, &c., successively 
with muriatic acid, lime, caustic soda, chloride of lime 
and sulphuric acid, and by boiling and washing to pre- 
pare them for paper pulp. 

(No. 2883, 10d.) James Eastwood, of Blackburn, 
patents improvements in yarn-sizing machines.” He 
provides a steam chest in which the. size is boiled by 
steam and kept in motion by agitators. 

(No. 2885, 10d.) Charles Cochrane, of Woodside, 
Dudley, patents a preciptating apparatus for the dust 
of blast furnace gases. The idea is the same, apparently, 
as that contained in the provisional specification of 
Messrs. Siemens and Cowper, deposited only a few 
weeks previously. The gases are to descend through 
a vessel having a great number of horizontal parti- 
tions with openings through them, the openings in 
= being over the solid portions of the partition next 

elow. 

(No. 2886, 6d.) William D. Allen, the manager of 
the Bessemer Steel Works at Sheffield, patents a mode 
by which the hoops for two or more steel tyres may be 
cast at one pouring, through a single “git” or gate. 
The tyre hoops are cast one over the other, being 
separated by thick metal plates, the gate going down 
through the centre, to the bottom tyre, vik outlets to 
each one in the pile. Increased convenience, and pro- 
bably some economy, will attend this mode of casting 
tyres. 

" (No. 2888, 8d.) T. Berrens, of Paris, patents a 
thrashing apparatus to be drawn over the corn on a 
barn floor, the advancing motion of the machine being 
—_ to work steel beaters, acting in the manner of 
ails. 

(No. 2893, 1s.) E. Myers, of Millbank-row, West- 
minster, patents details of wet gas meters, the object 
of which is to prevent the passage of gas unmeasured, 
when the water is in part abstracted. 

(No. 2896, 10d.) William Middleton, of Ennismore- 
mews, Knightsbridge, patents a neat fret saw. 

(No. 2897, 1s. 8d.) Thomas Whitwell, of Stockton- 
on-Tees, patents an apparatus for heating the blast 
of blast furnaces. A brick chamber intersected by 
numerous fire-brick shelves or partitions is provided, the 
arrangement of the shelves or partitions being such as 
to give a long circuit for the currents passing through. 
The hot gas from the furnace is then to be turned 
in at one end and burnt. By the time the products of 
combustion have heated the opposite end of the ap- 
paratus, the blast is to be tumed in there, the further 
admission of gas being stopped. The idea is evidently 
an adaptation of Mr. Siemens’s principle of the rege- 
nerating furnace, but the result must be a blast of 
constantly varying temperature. 

(No. 2900, 10d.) James Norris, of 51, Great 
Russell-street, Bloomsbury, patents a lift or hoist, in 
which, instead of fastening a single chain, for the 
balance weight, to the top of the cage, two balance 
weights are employed, and one chain attached. to each 
side. ‘The object is to prevent accidents such as that 
which happened lately at the Great Western Hotel, at 
Paddington. 

(No. 2904, 10d.) A. V. Newton, of Chancery-lane, 
as the agent of Thomas Cooper, of Cincinnati, U.S., 
patents a mode of forming railway axles by rolling 
them between two very large eccentric rollers, the axle 
being held parallel with and between the rollers by 
fixed stops, front and back. We presume that this 
mode of rolling is proposed only for finishing the axle, 
as it is not the ba of working the iron which would 
best bring out its strength in the earlier stages of the 
manufacture. 


(No. 2907, 10d.) Samuel Hand and James Slater, 
of Hulme and Salford, are out with a railway passengers’ 
signal. By pulling a pin, the passenger can throw out 
a dise signal in view of the guard. More than this, 
however, the same movement sets on a striker, worked 
from one of the axles of the carriage, and this is to bang 
away upon a bell beneath, and which we judge from 
the drawing would weigh, say 3 ewt. Indeed, it would 
need to be of this weight to be of much use. At sixty 
miles an hour the axle would give 480 blows a minute; 
but although this would no doubt at once smash the 
bell and break up the striking gear, we fear that, the 
guard, if a few carriages off, would fail to hear either 
the first-or the final crash. 

(No. 2908, 8d.) W. R. Lake, of 8, Southampton- 
buildings, as the agent of Dyer Williams, of Syracuse, 
U.S., patents a locomotive crank axle, made in nine 
separate parts, exclusive of keys and pins. Mr, 
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Williams is the locomotive superintendent of a portion 
of the New York Central Railway, perhaps the prin- 
cipal line in America, and he has had much trouble, as 
we know, from the breaking of crank axles. But we 
do not think his present plan would make a safe crank, 
while, being practically identical with that pursued in 
making the cranks and crank-shafts of paddle engines, 
we doubt if it is even patentable. 

(No. 2909, 4d.) William Reid, of Granton, N.B., 
patents a system of feeding and drinking troughs, 
adjustible to cattle trains while stopping at railway 
stations. 

(No. 2913, 10d.) Goodman and Bow, of Maidstone 
and Southwark, patent a stone breaker, in which the 
effect of Blake’s well-known’ machine is accomplished 
by somewhat different mechahigal means, eccentrics and 
levers being employed to work the crushing jaws. 

(No. 2915, 8d.) Edwin Guthrie, of Liverpool, 
patents a machine for veneering bricks with a clay 
finer than that for the body, This veneering is prac- 
fased also in the manufacture of encaustic tiles. 

(No. 2923, 10d.) J.J. Long, of Glasgow, patents 
a machine for cutting wood into match-splints, and 
although we need hardly describe it, those who are 
occasionally ingen for such machines may like to 
be referred to the patent. 

(No. 2924, 8d.) Henry E. Newton, of 66, Chancery- 
lane, as the agent of a Frenchman, patents blowing air 
between millstones to cool their surfaces. We need 
hardly say that this has been done for twenty years ; 
but we may add that there is no novelty in the details 
proposed. ae : 

(No. 2927, 2s. 10d.) Williamson, Lindley, and 
Coleman, of Bagthorpe and Selstone, Notts, patent a 
system of brakes, which are applied, not to the rolling 
wheels, but to smaller discs, keyed one to the mid- 
length of each axle: The plan is the same as that 
which Mr. Samuel proposes to employ for the tenders 
of the engines for working the great incline of the 
Imperial Mexican Railway, and we were under the 
impression, which we retain, that the design was 
his own. 

(No. 2928, 1s. 8d.) J. A. Loubat, of No. 10, Rue 
Mogador, Paris, who has been so much engaged in 
laying down street. tramways, patents a steam railway 
carriage in which the wheels are grouped in two bogies, 
those of the front bogie being driven by a vertical en- 
gine working through gearing, the boiler being also 
vertical. The plan does not differ esrentially from that 
of the later American steam carriages for street tram- 
ways. lLoubat arranges his gearing, so that he can 
change the speed of the carriage, while that of the 
pistons and crank-shaft remains the same. 

(No. 2929, 4d.) John Dixon, of Abchurch-yard, E.C., 
patents purifying iron by pouring it down an air-pipe, 
so-as to subject it, while in the form of drops, to the 
action of the air. This is the old plan patented many 
_ ago, by Anthony Hill, of Plymouth, South 
Wales. 

(No. 2931, 8d.).T. A. Weston, James Tangye, and 
Richard Chapman, of Birmingham, and whose patent 
is vested in the firm of Messrs. Tangye Brothers, patent 
the newly improved differential pulley, which is far 
superior to Mr. Weston’s first invention. We noticed 
the new pulley on page 45 of our last volume. The 
chain has two hooks, one of which rises as the other 
falls, so that when one weight is hoisted, the other 
hook. is ready for a fresh load. This saves the time 
lost in lowering by the differential pulley made under 
Weston’s first patent. The chain, too, preserves a 
constant length as measured from the pulley, so that 
it may, if desired, be driven by a steam engine. 

(No. 2933, Sd.) William Clark, of 53, Chancery- 
lane, as the agent of L. H. Olmstead, of Stamford, 
Connecticut, U.S., patents a pulley which gripes the 
shaft by the strain under which it works. It differs, 
however, from: all the forms of friction pulleys. 

(No. 2934, 4d.) J.T. A. Mallet, of Paris patents a 
mode of making oxygen gas from chloride of copper 
subjected to a temperature of from 300 deg. to 
400 deg. 


(No. 2942, 10d.) As some of our readers, seeing 
the title of MM. Velu and Fosse’s patent for rail- 
way brakes, may wonder what they are, we may say 
that the scheme is one which no railway engineer need 
trouble himself to examine. 

(No. 2943, 1s. 4d.) Henry Cochrane, of Middles- 
borough-on-Tees, patents improvements upon the dry- 
ing stoves, for founders’ moulds, originally patented by 
A. B. Cochrane and the late Archibald Slate. The im- 
sie lirgame consist in means for more uniformly regu- 

ating and distributing the currents of air, 

(No, 2944, 8d.) James Goodier and J. F. Kelshaw, 
of Chester, patent a smoke-jack pattern of paddle-wheel, 





the vanes of which are to enter the water on edge, 
then turn on the flat, and finally go out on edge. 

(No. 2946, 6d.) William Easton, of Gateshead, 
patents the old bucket and plunger pump. His speci- 
fication reads as if he had discovered perpetual motion. 

(No. 2947, 8d.) M. Caton and H. Holden, of 
Preston, patent two or three dodges ve looms. One is 
a treading motion. Another is for making a separate 
piece of that part of the picker which strikes the 
shuttle, so that it may be replaced, when worn, with- 
out throwing away the whole picker, and the last is for 
riveting in the tines, separately, of the weft stop-motion 
fork, so that if any one) of them breaks it may be re- 
placedwithout throwing away the whole fork. 

(No. 2948, 10d.) John de la Haye, of Manchester, 
patents drawing thin gold over the copper conductors 
of submarine cables, corrugating or zigzagging the 
conductor so that its total length may be 8 or 10 per 
cent. greater than that of the cable, braiding a coat of 
steel wire mail over the core, making the gutta-percha 
covering of a triangular section, braiding a coat of 
iron wire mail over this, and finally laying the cable by 
means of an attached light rope, which is to be sunk 
with it. 

(No. 2953, 6d.) S. H. Huntley, of 50, Upper 
Baker-street, patents an atmospheric condenser for 
distilling sea-water. A current of air is to rise in an 
annular passage around the condenser, and this current 
is to be turned to account for the purpose of ventila- 
tion. 

(No. 2956, 4d.) W. H. Cope, of 15, Bostock-street, 
St. George’s-in-the-East, patents a mode of cleaning 
cotton seeds preparatory to crushing them for oil. A 
34 ft. peak stone is to be rapidly run, with its under 
surface in contact with an elastic web, upon which the 
seeds are to be thrown. We fear the web would not 
last long. 

(No. 2959, 1s. 4d.) T. J. Perry, of Bilston, patents 
a machine for moulding toothed wheels, pulleys, &c. 
The principle of the apparatus appears to be the same 
as, although the details are better worked out than ina 
machine previously patented by George L. Scott, of 
Manchester, and noticed by us last week. 

(No. 2964, 4d.) W. E. Newton, of Chancery-lane, 
as the agent of T. H. Jenkins, of New York, patents 
the following mode of hardening cast iron, so that, as 
he says, it shall take a cutting edge. It is to be heated 
to a cherry-red and hammered; then again heated to 
a cherry-red and sprinkled with a mixture of seven 

arts prussiate of potash to one of powered charcoal. 
The iron is for the third time to be heated to a cherry- 
red till this mixture disappears, when it is to be 
plunged into the following compound: 28 gallons of 
water, 8 lb. oil of vitriol, 440z. sal ammoniac, 20 oz. 
glauber salts, 30 oz. table salt. 








TITE GANGES CANAL. 


From our advices received by the last mail from 
India, we learn that the committee appointed to decide 
upon the propriety of proceeding with Major Crofton’s 
project for remodelling the Ganges Canal, or of stopping 
its progress pending the preparation of a detailed pro- 
ject on Sir Arthur Cotton’s plan, has submitted its re- 
port to Government, We are not yet in possession of 
a copy of this report, but hope soon to be able to lay 
before our readers a detailed account of the remedial 
measures recommended for adoption. In the mean 
time, however, the following conclusions, arrived at by 
the committee, may be relied upon as being substan- 
tially correct : 

That the construction of a weir across the Ganges 
below the confluence of the Solani, with the necessary 
subsidiary canal works, cannot be recommended. 


That the project for opening an additional canal 
head, including the construction of a weir on the 
Ganges at Rajghat, or other point in that part of the 
river, for bringing under irrigation lands not now watered 
by the canal, is feasible, but should be held in abeyance 
until the probable returns appear more proportionate 
to the outlay than at present. 

That the construction of a weir across the Jumna 
at Toghlukabad, with a canal for the irrigation of that 
part of the Doab below Allyghur, not under the in- 
fluence of the Ganges Canal, is practicable, and that 
the project should be further investigated. 

That Major Crofton’s project for remodelling the 
Gauges Canal should be proceeded with, subject to 
certain stated modifications. 

That the construction of a permanent weir across 
the Ganges at Hurdwar, though not indispensable 
while the present reduced quantity of water is passed 
down the canal, will become a matter of absolute ne- 





cessity in order to maintain, without risk of interrup- 
tion, the full supply of 7000 cubic feet per second. 

The above conclusions bear out in substance the re- 
port which reached us some weeks back, but which 
was at the time somewhat premature, that the com- 
mittee had recommended the adoption of Major 
Crofton’s project, whilst it entirely condemned the 
scheme by Sir Arthur Cotton. We have yet to learn 
the arguments upon which the committee has founded 
its conclusions, as well as the opinion of the Govern- 
ment of India on the subject, and the orders that have, 
doubtless, already been passed on the recommenda- 
tions of the committee. 








DAFT’S SHEATHING FOR TRON SHIPS. 

In the course of our report of the meeting of the Institution 
of Naval Architects held in March last, we gave an abstract of 
a paper read by Mr. T. B. Daft, “ On the Jointing of Plates in 
Shipbuilding,” the system advocated being that of leaving a 
space between the edges of the plates, and filling it in with com- 
pressed teak, so as to afford a means for readily attaching zinc 
or other metal sheathing. We now give, in the subjoined figure, 
a section of a joint constructed on this principle, which will 
enable us to explain Mr. Daft’s system more fully. | From this 
figure it will be seen that the plates are placed upon the joint 
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strip with their edges a short distance apart; and this arrange- 
ment being followed for both the horizontaland vertical joints, 
a groove is thus formed round each plate, having a width about 
equal to the plate’s thickness. _ Into this groove compressed teak 
is driven, the teak, when expanded by the water, being held so 
tightly that it is almost impossible to remove if, except by chip- 
ping it out. The teak may be compressed in'Various ways, one 
method, which answers very well, being the following: If the 
grooves to be filled are } in. wide, teak planks, rather more than 
in. thick, are taken and passed between rollers, by which their 
thickness is reduced to fin. full. The planks are then reduced 
to strips lin. wide by means of a set of six or eight small 
circular saws mounted on one spindle, with suitable intervals 
between them. The teak thus prepared can be readily driven 
into the grooves, and the excess which stands up above the level 
of the plates pared away with a plane or chisel. 

When the teak has been inserted, a perfectly flush hull is ob- 
tained, just as if butt joints had been used, whilst the plates 
may be used as they come from the shears without any after 
dressing. The manner in which the zinc or other metal sheath- 
ing is attached is explained by the engraving, from which it 
will be seen that the sheathing sheets are nailed by the edges, 
the zinc nails used being longer than the thickness of the teak 
into which they are driven, so that their points are turned over, 
as shown, by coming into contact with the iron skin. The teak 
is also tightened in the grooves by the nails being driven into it 
The sheathing is laid immediately upon the skin of the ship, and 
at the bow and stern where the plates are formed to hollow 
curves they are, if required, secured by nails driven into plugs 
inserted in the iron, as well as by those around their edges, which 
are driven into the teak laid in the grooves. 

The protection afforded to an iron ship by zinc sheathing 
depends upon the galvanic action which takes place when the 
two metals are subjected to the action of sea-water; the zinc, 
being the positive metal, is gradually dissulved whilst the iron 
remains intact. The rate at which the zinc is dissolved is about 
equal to that at which the ordinary metal sheathing wastes 
away on a wooden ship, and it is just sufficient to keep the 
bottom clean and prevent incrustation. In 1864 the Iron 
Committee tried an experiment on the protective power of zinc 
sheathing at Shoeburyness, when it was found that a zinc plate 
?y in. thick lost th of its thickness when submerged in the 
sea for twenty-eight weeks in contact with iron. This amount 
of depreciation is probably less than would take place if the 
zinc had been fixed to the bottom of a ship in motion, but still 
it shows that the zinc would possess considerable durability. 
The zine sheathing could be readily replaced, when worn, by 
stripping it off and renewing the teak jn the grooves ; and as this 
process would probably not require to be performed oftener than 
once in about four years, it would be less objectionable than the 
periodical scraping and painting now required. A specimen, 
representing a portion of the side of a ship as made according to 
Mr. Daft’s system, lias also been tested at the Portsmouth Dock- 
yard, and was inspected by the Lords of the Admiralty during 
their recent visit to that establishment. In this specimen, 
which had been submerged sixteen months, felt, saturated with 
waterproof glue, was interposed between the zinc and the skin of 
the vessel, and the metallic connexion requisite to enable the 
galvanic action to go on was effected by the nails which pene- 
trated the teak strips. On the inspection taking place, the 
surface of the zinc was found to be perfectly clean, whilst the 
enclosing frame was encrusted to a very considerable extent 
with barnacles, weeds, &c. As we have stated, Mr. Daft now 
prefers to place the zine sheathing directly upon the skin of the 
vessel, and by so arranging it a more perfect. metallic connexion 
is of course obtained, and the protective power of the zinc 
rendered more certain. We hope to hear soon of some more 
extended trials of Mr. Daft’s system of protecting iron vessels. 
as it appears to be a very promising one. ‘ 











Tue Civm AND MrcuanicaL ENGIncERS’ SocreTy.— 
Arrangements have been made for the members of this Society 
to inspect the Thames Embankment Works to-morrow (Satur- 
day). The works now being carried out by Mr. Webster on the 
southern side will be first visited, and then, if time permits 
those on the northern bank. , 
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BESSEMER’S PUDDLING APPARATUS. 
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Iw the course of an article on “Bessemer Rails,” which 
appeared in our last number, we alluded to the difficulties which 
existed to the application of the Bessemer process to the ordi- 
nary Staffordshire and other irons containing sulphur and phos- 
phorus; and we also mentioned that efforts are being made to 
adapt these irons for conversion by subjecting them to a pre- 
liminary puddling process by which a — of their impurities 
are removed. ‘The iron, after being thus treated, is to be re- 
melted and partially recarburised, and is then to be a¢ted upon 
in the converters in the ordinary way, either alone or mixed with 
a certain portion of rich No. 1 grey pig. As we stated last 
week, this general process is the same as that proposed and 
patented by Mr. George Parry, of Ebbw Vale, whose patent was 

yurchased by Mr. Bessemer some time ago; but Mr. Bessemer 
- introduced some modifications in it, and has patented an 
arrangement of mechanical puddling furnace (which we now 
illustrate) to enable the process to be carried out on a large 
scale, 

Fig. 1 is a side elevation, Fig. 2 an end elevation, Fig. 3 a 


longitudinal section, and Fig. 4 a transverse section of one of 


these furnaces. ‘The puddling chamber, a, is formed of stout 
boiler-plate lined in the usual manner, and is supported at the 
ends by tubular wrought-iron passages, g g, to which it is bolted, 
and at the centre by the strong casting, e, which is fixed on a 
shaft, d, resting on bearings, c, beneath the furnace, and is fur- 
nished at its lower end with a suitable counterweight, £ The 
end passages, g g, are ulso bolted to end flanges formed on the 
same Shaft, ¢, and are furnished opposite the axis of that shaft 
with trunnions, which place them in communication with the 
pipes A and k pepentieel. The casting, e, is coupled near the 

lower end to the connecting-rod, n, which extends to a crank or 
eccentric, by means of which an oscillating motion can be im- 
parted to the furnace, it being preferred by Mr. Bessemer that 
the arrangement should be such that the extent of the move- 
ment imparted can be varied at pleasure. 

The passages, gg, in the tubular supports at the ends 
of the turnace, are continued upwards through the ends of 
the puddling chamber, as will be seen by the longitudinal sec- 
tion, Fig. 3, and are then deflected downwards, as shown at g*. 
The passages just mentioned are all lined with refractory 
materials, and are intended for conveying gas or gaseous pro- 
ducts into or out of the chamber, a; the air which it is necessary 
to mix with the gases being supplied through other passages, ¢ 4, 
which are also shown in the longitudinal section. These last 
passages do not require to be lined unless air at a very high 
temperature is employed. In employing carbonic oxide, mixed 
with more or less carburetted om omy such as is produced by 
the slow combustion of coal, coke, &c., in a close chamber, the 








mixture may be used either at the temperature at which it is 
formed or it may be heated, in the same manner as hot blast, 
andthe atmospheric air entering through the passages, 7, may 
also be admitted either in a heated®state or at the natural tem- 
perature. The heating of both the air and gases may also be 
effected by the arrangement of “ regenerators” patented by Mr. 
Siemens, and which we described last week. The puddling 
chamber is furnished with an opening at p for the insertion of 
the metal in a fluid state, and another at r, for introducing 
solid materials and for the removal of the metal, both these 
openings being closed by plugs of refractory material secured by 
covers when not required to be open. Other openings are also 
provided for the insertion of “ rabbles” or stirring-rods, when 
these are employed for assisting the motion of the furnace in 
carrying out the puddling process. 

In working the furnace the air and gases may be admitted 
through the passages at the one end, and the products of com- 
bustion, &c., allowed to escape through those at the other, during 
the whole time of working a charge, or the gases may be made 
to enter and flow off trom each end of the puddling chamber 
alternately at short intervals, as may be found most suitable 
under the circumstances. When the apparatus is to be started, 
it is preferred to first thoroughly heat the interior of the cham- 
ber by the admission of gas and air through the passages at one 
end of the apparatus, and the metal, if in a fluid state, may 
then be admitted through the small opening, p. We may men- 
tion here that it — to work the puddling furnace with 
metal either run directly into it from the blast furnace or re- 
melted in an adjoining furnace; but it may also be worked with 
scrap, pig, or plate metal, if more convenient, tle materials 
being in such cases introduced through the opening, r, where, 
also, any fluxes may be put in. As soon as the metal is fused, 
the apparatus is set in motion, the effect being that the metal is 
thrown up against the curved sides of the chamber, and power- 
fully agitated, thus causing it to be thoroughly mixed with the 
fluxes and purifying agents. By the use of gaseous fuel, also, 
great facility is afforded for rendering the flame oxydising or 
non-oxydising at pleasure, by regulating the proportionate 
admission of gas and air. The shape of the chamber in which 
the puddling process is carried on may be varied according to 
circumstances, and several forms are shown in the illustrations ; 
Fig. 5 showing a furnace with straight, and Fig. 6 one with 
curved sides. In Fig. 4 the transverse section is elliptical, 
whilst in Fig. 7 the die are vertical, and in Fig. 8 the chamber 
is shown made with a longitudinal ridge along the bottom, thus 
causing the metal to be more thoroughly agitated as it flows from 
side to side, 


The metal after treatment in the puddling furnace may be 





withdrawn from jt either in the state of puddled balls, or in a 
pasty or more or less granular form, and it may in either ot 
these conditions be mixed with molten grey iron, and converted 
by the Bessemer process in the usual way. In treating some 
kinds of iron in this manner, it is necessary after they have been 
subjected to the puddling process to recarburise them before 
remelting. When this is the case, it is preferred to break up 
the metal more or less at that stage of the puddling process 
when it is usually formed into balls; or, in order to squeeze out 
the greater portion of the slags or fluxes previous to recarburisa- 
tion, the granular or imperfectly balled metal may be subjected 
to the action of a pair ai rolls, such as are shown in Figs. 9 
and 10. These rolls are cast hollow, and are kept cool by water 
continually flowing through them, and jets of water may also 
be directed against the lower parts of the rolls as they revolve. 
The recarburising of the puddled metal or steel scraps may be 
effected either in a small blast furnace or tall cupola, in which a 
= coke or other fuel free from sulphur is employed ; or it may 

accomplished in a reverberatory furnace in which carbonic 
oxide is consumed instead of solid fuel, this gas being employed 
in such excess that it will both carburise and afterwards fuse the 
metal. Carbonic oxide gas in a highly heated state may also be 
employed in acupola, in addition to solid fuel, in assisting the 
carburisiny and fusing of the metal, the gas when required for 
carburising the metal being forced into the furnace at a higher 
level than the tuyeres which supply the blast for the combustion 
of the coke. As we stated last week, the process which we 
have just been describing will open up an immense field for the 
extension of the Bessemer process by enabling it to be applied 
to irons not previously available, and in this way it will, no 
doubt, tend to greatly reduce the cost of Bessemer steel. 


STEAM ROLLERS. 

Pus.ic attention has lately been strongly directed to the 
bungling manner in which macadamised roads are constructed 
and repaired in this country, and to the much more effective 
method now adopted at Paris and other places on the Continent. 
Here, as all owners of road vehicles know to their cost, the 
roads are repaired by merely opening up the old surface with a 
pick and strewing it with a new Ta er of broken granite, the 
whole consolidation of the road being left to be performed by the 
transit of the ordinary traffic. On the Continent, on the contrary, 
the road-metalling, after being laid down as it is in this country, 
is strewed with smaller gravel and plentifully watered, and the 
whole is then levelled and consolidated by heavy rollers drawn 
over it. At Paris, steam rollers are now in use for this purpose, 
and we give on the next page some outline diagrams showing 
two of the arrangements at present employed. 
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STEAM ROLLERS FOR THE PARIS BOULEVARDS. ° 
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Fig. 1 represents the steam rvller first made, and which may 
be regarded as an experimental one, although it has been and is 
now working well. It is fitted with a pair of inverted oscillating 
cylinders placed at about the middle of its length, the piston- 
rods being coupled to a crank-shaft, which drives a pair of 
chain-wheel shafts by gearing. From chain-wheels on these 
shafts, pitch chains extend to other and larger chain-wheels 

laced on the ends of the rollers on which the machine is carried. 
The slide valves are worked by the oscillations of the cylinders. 
The boiler is of the locomotive pattern, arranged as shown in the 
figure, and it is fed by an injector. ‘The feed-water is carried 
in two tanks arranged at the ends of the machine, one being 
placed before the front and the other behind the hind roller. 
Lhe fuel is carried in a coal-box placed above the hind roller, 
and the steering gear is worked by a handle fixed on the top of 
a vertical shaft, extending up through a pillar placed at the side 
of the footplate. The weight of the machine is about 15,000 
kilogrammes, or between 13 and 14 tons. 

A side elevation of the third steam roller made, and which, we 
believe, is the latest that has been set to work, is given in Fig. 2. 
In this machine, the engines are fixed horixontally to a strong 
base-plate secured to the top of the boiler, and are fitted with link 
motion, the crank-shaft, which is furnished with a fly-wheel, 
being situated just behind the chimney. ‘The motion is com- 
municated from the crank-shaft to a transverse shaft beneath 
the middle of the engine, by means of an inclined shaft and 
bevel gear, the transverse shaft just mentioned driving two 
chain-wheel shafts from which pitch chains extend to the rollers 
as in the first machine, ‘This driving gear is situated on the 
left-hand side of the machine, and on the right-hand side is 

laced the steering gear, which is shown on the figure. From the 
tter it will be seen that the machine is carried upon springs, and 





that the spring-links are, on the right-hand side of the machine, 
furnished with rollers at their lower end, these rollers bearing 
against the underside of the frame. Each pair of rollers is 
connected by a long fork, these forks carrying nuts at their ends, 
in which right and left handed screws work. These screws are 
formed on opposite ends of one shaft carrying at its centre a 
bevel wheel, which is geared into by a bevel pinion fixed at the 
lower end of a vertical shaft having a hand-wheel at its upper 
end. It is said, however, that this steering gear works rather 
stiffly. The boiler, like that of the first engine, is of the locomo- 
tive class, and, like it also, is fed vy an injector. ‘The maker 
was M. Petot, of Passy. 

A fourth steam roller is now in course of construction, in 
which the boiler is placed towards one side ot the frame, space 
being thus obtained on the other side for the cylinders, which 
are inclined, and are bolted, the one to the side of the firebox, 
and the other to that of the smokebox. This engine is also 
furnished with link-motion, and the connecting-rods are coupled 
to a crank-shaft placed underneath the middle of the engine in 
about the same position as the central transverse shaft in Fig. 2 

A patent has been taken out, both in England and France, by 
MM. E. Gellerat and Co., for the steam rollers now used in 
Paris, and the firm have entered into a contract with the Prefect 
of the Seine to keep seven of these machines at the disposal of 
the city of Paris, and in working order, for six years, in con- 
sideration of a yearly payment of not less than 40000. per 
annum. Should, however, the value of the work required from 
these rollers, which are to be paid according to their weight 
and the distance travelled over by them, not amount to 4000/. a 
year, then the ratio of payment is to be proportionably aug- 
mented. Each roller is to be attended by an engineer and a 
stoker, and at night by a guard, at the cost of the contractors, 

















who are also to find fuel, the city of Paris supplying water. The 
price paid for this service is 45 centimes per 1000 kilos. per 
1000 square metres of road gone over by day, and 50 centimes 
by night. The rollers are always to be in readiness to operate 
on any of the streets of Paris within the fortitications, and on 
the roads of the Bois de Boulogne and the Bois de Vincennes. 
In this country Messrs. Eastons, Amos, and Anderson, of 
Erith, have taken a contract for rolling the roads in Mr. Han- 
bury’s new park at Belvidere, and they are employing for the 
urpose a heavy roller drawn by one of Messrs. Aveling and 
‘orter’s traction engines. The roller, which is 10 ft. in dia- 
meter by 9 ft. long, weighs 15 tons, and is formed out of one ot 
the cast-iron cylinders, of which Messrs. Eastons, Amos, and 
Anderson have been making a large number for bridge founda- 
tions in India. The cylinder is fitted at each end with cross- 
beams of timber, these crossbeamns supporting castings in which 
pins forming the axes of the roller are fixed. These pins carry 
a strong rectangular wooden frame which extends round the 
roller horizontally, and enables the traction engine to be coupled 
toit for hauling it in either direction at pleasure. As we men- 
tioned in a paragraph last week, this arrangement has been 
found to work well, but the action of the traction engine itself 
upon the roads has proved so good that it is intended to do 
away with the separate roller and employ an engine furnished 
with very wide driving wheels alone. We ive in Fig. 3 a back 
elevation of an engine which Messrs. Aveling and Porter are 
now fitting up for this work, and we also give in Fig. 4 a part 
section of one of the driving wheels. These latter have been 
made of cast iron, and are of great strength and weight. The 
diameter is 7 ft., or 6 in. larger than those usually employed on 
Messrs. Aveling’s engines, and the width has been increased from 
18 in. to3 ft. The steering gear applied to the engine will also 
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be different to that generally used by Messrs. Aveling, the small 
guiding wheel in front ngt being suited for use on newly-made 
roads. ‘The weight on the driving wheels will be over 12 tons, 
or more than 2 tons per foot in width, and the pressure on the 
road will therefore be more intense than that given by the roller 
now used, in which the weight, 15 tons, is distributed over a length 
of 9ft. The fact of the wheels being 3 ft. less in diameter than 
the roller will also tend to intensify the pressure, aud the two 
wheels will accommodate themselves to the tranverse curve of 
the road surface better than the long roller at present employed. 
We hope that we shall soon see the steam roller at work at 
many other places besides Belvidere. 








WOODEN DISC RAILWAY WHEELS. 


Durtne the last few years, wooden dise wheels have 
been coming more and more into favour for railway 
carriages, there being no doubt that the durability of 
both tyres and axles is increased by their use, whilst 
they also do away with a great deal of the noise arising 
from the action of ordinary iron wheels. Wooden 
railway wheels of various kinds were made at the 
Fairfield Works, by Mr. W. Bridges Adams, very 
many years ago, and since éhat time a great number of 
varieties of them have been introduced, the best known 
being probably those patented by Mr. Richard Mansell 
and Mr. Beattie, which are both wooden dise wheels, as 
made by Mr. W. B. Adams, but each fitted with a 
peculiar arrangement of tyre-fastening. In Mansell’s 
wheels, of which a very large number are now at work on 
various lines, the tyre is secured to the dise by means 
of a couple of rings bolted one on each side of it, these 
rings projecting beyond the disc, and being furnished 
with lips which fall into corresponding grooves turned 
in the tyres, as shown in Fig. 3. (See page 130.) 
This Fig. 3 represents a half-section of the wheel, 
and, from it, it will be seen that the inner ends 
of the segments forming the dise are held between 
a flange:formed on the cast-iron boss and a washer- 
plate bolted to it. Mr. Mansell’s original patent 
has now expired, and this seems to have had the 
effect of greatly increasing the application of his 
wheels lately; but he has obtained a new patent 
for a slightly modified form, in which the rings are 
furnished with lips on both sides, the outside lips being 
intended to support those portions of the tyres which 
yreviously overhung the rings, and which were thus 
liable to become bent over when the tyres wore thin. 

In Beattie’s wheel the dise is formed in the same 
manner as in Mansell’s, but the tyre is fastened as shown 
in Fig. 4, page 130. From this it will be seen that the 
tyre is made with an inner projecting flange at the thin 
edge, the inside of this flange being turned to a dove- 
tailed form to fit a corresponding projection on the 
outside ring fastened to the dise. On the inside of the 
tyre near the other edge is turned a rectangular groove, 
and in this are placed the dovetail-shaped heads of a 
number otf “keys” or “clips,” which are shaped so 
that they take hold of a projecting lip formed on the 
inner ring bolted to the disc. After these clips have 
been put in their places, the tyre is hammered down so 
that the side of the groove in it fits closely to the dove- 
tail head of each clip, as shown in the figure. Com- 
monly, each clip is made about 4 in. long, and the tyre 
of an ordinary 3 ft. 6in. carriage wheel is generally 
secured by eight of them. That part of the tyre form- 
ing the.outside of the groove is bent in with a “set” 
at each end of each clip, so that the latter are prevented 
from shifting ¢ndways: and when it is desired to take 
off the tyre, each clip is driven round until it comes 
to a portion of the groove which has not been closed 
in, whens it can, of course, be removed easily. ‘his 
fastener of Mr. Beattie has been largely applied both 
to wooden disc and ordinary iron carriage and engine 
wheels, and in connexion with the latter several modi- 
fications of it have been used, which it is unnecessary 
to describe here. 

We intend, in the present notice, to describe some 
valuable machines which have been recently introduced 
by Messrs. Greenwood and Batley, the well-known 
tool makers of Leeds, for facilitating the construction 
of wooden dise wheels ; but, before we do this, it is ad- 
visable that we should explain the mode of manufacture 
at present generally adopted. At the South-Eastern 
Radway Works at Ashford (where Mr. Mansell, who 
is the superintendent of the -arriage and wagon de- 


partment, has arranged a very complete set of 


machinery for making these wheels according to what 
we may call the present system), the first process is to 
cut up the many means of a frame saw, into planks 
of the necessary thickness for forming the segments. 
The prepared planks are next cross-cut roughly, and 
the short lengths thus formed are then cut longitudinally 
to the width necessary to make two segments, by 
means of a circular saw. A circular saw is also used 
to cut the pieces of plank to the exact length required, 


and the rectangular blocks thus formed are then ready 
to be cut diagonally into two “ segments,” or, as they 
are called at some wheel works, “ tabs.” 

The diagonal cut by which each block is divided into 
two segments is effected by a simple but ingenious 
modification of an ordinary saw bench. It consists of 
a saw bench, of }{ form in plan, about 5 ft. 9 in. long, 
and fitted with two traversing tables each about 2 ft. 
8 in. long by 18 in. wide. These tables traverse longi- 
tudinally along the top of the main table on opposite 
sides, so that there is a space of about 184 in. between 
them, and they are so m wo that their inner edges 
pass close to a couple of circular saws which project 
through the main table, being fixed on two separate 
spindles beneath it. Each traversing table has a couple 
of fence plates bolted down to it, each fence plate 
being fixed obliquely upon its table so that, when a 
block of wood is 2 against it, half of the block 
overhangs the inner edge of the: table, and is thus 
cut off by one of the circular saws as it traverses 
past it. Owing to the oblique position of the fence 
lates, this cut is of course a diagonal one, and the 
lock is thus divided into two segments, each much 
wider at one end than at the other. The fence plates 
are made with an overhanging flange at the top, and 
are each furnished with a pin working through this 
flange and pressed down bya spiral cam, so that a 
block placed against the fence plate can at once be 
readily secured. The traversing tables are hauled 
backwards and forwards by means of chains worked 
by a simple arrangement of chain-wheels and belt 
pulleys, the motion being reversed in a similar manner 
to that of a planing machine. The traversing gear of 
each table is independent of that of the other, and, as 
the two saws are also on separate shafts, either one or 
both sides of the machine can be worked at one time. 

The manner in which the machine is worked is as 
follows: Each fence-plate is fitted with an adjustable 
stop, by varying the position of which the amount of 
overhang of the block to be divided, and consequently 
the position of the diagonal cut made bythe circular saw, 
can be regulated. These stops having been adjusted, 
an attendant, standing at one end of the machine, 
fixes the blocks to be cut upon each of the traversing 
tables alternately, the blocks being then cut by the saws 
as they pass them, and the pieces being removed by an 
attendant at the other end of the machme. The seg- 
ments thus obtained are afterwards trimmed up by 
passing them again through the machine singly ; the 
diagonal face of each being placed against the fence 
plates, and the stops .being adjusted so that the saws 
take a thin slice off the opposite face of each segment. 
After leaving the machine a*second time the segments 
are taken to a small circular saw, and a groove cut by 
it down the centre of each face, these grooves receiving 
the strips of hoop iron by which the segments are 
bonded together. At some works, however, the wheels 
are made without this hoop-iron bond, and in such 
cases this grooving process is of course omitted. 

The next process at Ashford is the drilling of the 
holes for the bolts by which the segments are secured 
to the boss. ‘This is done by a machine at and 
patented by Mr. Mansell, and which performs both the 
drilling and the cutting round of the disc, as will be 
described presently. It consists of a pair of side 
frames, carrying between them the guides on which 
the frame of a small web saw works, this saw having a 
vertical reciprocating motion imparted to it by means 
of a connecting-rod coupled to a crank formed on a 
shaft running across the Ectlein of the machine. The 
same framing also supports a vertical drill _—. this 
spindle and the saw being, however, driven by separate 
belts, so that they can be worked independently. In 
front of the machine is a sort of hinged bracket which 
can be either placed horizontally or adjusted to any 
desired angle by means of a screw underneath it. This 
bracket supports a circular table having a worm-wheel 
fixed beneath it, so that a circular motion can be given 
to it, when required, by means of a worm driven by 
suitable feed gear. 

When the machine is employed for drilling the holes 
for the boss-bolts in the segments, a circular wrought- 
iron plate is laid upon the table just mentioned, this 
plate having fixed upon its upper side two angle-irons 
placed obliquely, so as to accommodate a pair of the 
segments to be drilled between them, with their larger 
ends towards the centre of the plate. When the seg- 
ments have been placed between the angle-irons, they 
are forced tightly up into their place by means ofa lever 
having an eccentric boss, which is placed upon a 
strong pin standing up in the centre of the table, the 
arrangement being such that, when the lever is = 
round, the full part of the boss bears against the larger 
ends of the segments, and presses them into their place 














between the angle-irons. The circular plate is so 
situated that when the segments or “tabs” are thus 
fixed, they are brought under the boring spindle in the 

roper position for having the holes for the boss-bolts 
hrilled ; and this operation can thus be performed by 
simply depressing the boring spindle, without any 
further setting. 

After the holes for the boss-bolts have been drilled, a 
sufficient number of segments to form one disc are taken 
and arranged within a strong iron ring furnished with a 
number of set screws passing through it, by means of 
which the segments can be wee tightly together. 
The ring, with the segments inside it, is then taken to 
the machine by which the hole is bored for the boss. 
The machine employed at Ashford for this purpose has 
been made from an old radial drilling-machine, the 
radial arm having been fixed, and a table being pro- 
vided upon which the dise to be bored can be secured. 
The boring-bar, which passes down through the table 
and is steadied by a guide beneath, is fitted with a 
crossbar carrying a pair of cutting-tools for boring 
the hole for the boss. The boring-bar makes about 
130 turns per minute, and is fed down to its work by 
the pressure of a weight, the descent of which is re- 
gulated by a chain. After the hole has been bored for 
the boss, the disc, still held in the ring, is taken to the 
* bossing pillar,” which is merely a short cast-iron post 
furnished with a socket, in which a screw can be 
secured by means of a cotter. When the disc is 
rested upon the top of the pillar, this screw stands up 
through the hole for the boss, and the latter, already 
bored and turned, having been just entered, is then 
surmounted by a washer, upon which a nut placed 
upon the screw can act. This nut is fixed in the 
centre of a cross-handle about 6 ft. 6 in. long, and by 
means of this a couple of men can force the boss, 
which is made fit very tightly, into its place. When 
the boss has been thus inserted, the boss-bolts are 
driven in, and the segments screwed up between the 
flange of the boss and the washer-plate already men- 
tioned, and the disc is then removed from the ring and 
is ready for trimming round. 

The sawing round, by which the dise is made truly 
circular, is performed in the machine which we have 
already described as being used to bore the holes for 
the boss bolts. The dise is placed upon the circular 
table, and secured in a position perfectly concentric 
with it by means of a cone screwed down upon a 
central mandril which stands up through the hole in 
the boss. When the disc has been so fixed, its edge 


ris brought under the action of the vertical saw, one of 


the segments having a notch made in it to enable the 
saw to commence its cut; and, as the table is made 
to revolve by the feed motion, the disc is cut to a truly 
circular form. In order to adapt the machine to 
wheels of various sizes, the table is arranged so that 
it can slide in or out on the bracket which supports it, 
and its centre can thus be brought at any required 
distance from the saw, whilst the screw by which the 
inclination of the supporting bracket, and consequently 
of the table, can be varied, enables the circumference 
of the disc to be cut to a tapered form, if desired. 

After the disc has been sawn round, the holes are 
drilled in it for the bolts by which the rings securing 
the tyre are held. This drilling is performed by the 
same machine, the saw being thrown out of gear and 
the table being adjusted so as to bring the proper part 
of the dise under the boring spindle. After one hole 
has been drilled, the disc is moved round until a stop 
falls into this hole, the stop being so placed that, if the 
rings are to be held by sixteen bolts, it falls into the 
hole when the dise has performed one-sixteenth of" a 
revolution, and so on, and it thus renders ‘any dividing 
out unnecessary, the fact of the stop falling into a hale 
showing that the dise has been shifted into the proper 
position for the boring tool to drill the next hole. *{n 
the case of Mansell’s wheels, this drilling of the holes 
for the ring bolts finishes the disc, except that it may 
require some dressing off; but in Beattie’s wheel a 
recess has to be cut for the rings, as will be seen by 
the section in Fig. 4, this recessing being generally 
done by hand under the present system. 

In order to complete the wheel, the dise has next to 
be tyred. The tyres are put on in two ways. At 
Ashford they are shrunk on, in the same way as on 
ordinary iron wheels, care being taken not to make the 
tyres too hot, and arrangements being made to sink 
the whole in water quickly, so that the wood is not 
burnt. At Messrs. Lloyds and Foster’s, and the 
Patent Shaft and Axle Company’s Works‘ at Wednes- 
bury, and at the Leeds Wheel and Axle Works (which 
are the three principal and, indeed, almost the only 
works in the kingdom where the manufacture of 
wooden wheels is extensively carried on), however, 
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the tyres are put on cold by means of hydraulic 
pressure, the discs being cut and the tyres being bored 
taper, so that the smallest side of the disc will just 
enter into the largest side of the tyre. In the case of 
Mansell’s wheels, the rings are applied and bolted up 
after the tyre has been put on; but in the case of 
Beattie’s, the outer ring is placed in the tyre before the 
latter is forced on, on the inner ring 1s also at the 
same time placed in its proper position on the disc. 
The clips or keys which secure the tyre on the inside 
are applied afterwards in the manner which we have 
already described. . The concluding processes, such as 
the placing of the wheels on the axles, the turning of 
the tyres, &c., are the same as for ordinary iron wheels, 
and it will therefore be unnecessary that we should 
allude further to them here; and we may, therefore, 
proceed. to describe the new machinery introduced and 
tented by Mr. Thomas Greenwood, of the firm of 
| onan Greenwood and Batley. 
According to Mr. Greenwood’s system, the planks 
from which the segments are to be formed are first 
cross cut into blocks, and these blocks are then taken 
to a machine by which they are reduced to a strictly 
uniform thickness, and their surfaces dressed off. 
The machine designed for this work consists of a 
planing machine having a bed supported upon four 
standards, this bed carrying a revolving table furnished 
on its upper side with.a number of “ dogs” fixed upon 
slides moved by screws. The table has a steady ro- 
tative motion imparted to it by suitable gearing, and, 
as it turns, each of the slides just mentioned is succes- 
sively brought under two pairs of revolving arms 
furnished with cutters, which are fixed one pair upon 
each of two vertical spindles carried by head-stocks 
placed on opposite sides of the machine. Each of the 
spindles is driven at a high speed by a belt, and is ad- 
justable vertically, so that the revolving cutters can 
° brought to any desired distance from the circular 
table. > using this machine an attendant takes a 
block and fixes it upon the revolving table by means 
of one of the “dogs” or slides already mentioned, and 
as the table turns, it thus carries the block under one 
air of revolving cutters by which its upper surface is 
evelled. When each block has thus passed under one 
set of cutters, and has been dressed on one side, 
another attendant on the opposite side of the machine 
turns it over, and thus presents the other surface of 
the block to the action of the second set of cutters, 
which level it and reduce all the blocks to one uniform 
thickness. After passing under the two sets of 
cutters, the block is removed by the first-mentioned at- 
tendant, and another block put in its place. 


The blocks thus dressed are next taken to what Mr. 
Greenwood calls the jointing saw frame, in which the 
blocks are cut diagonally into two segments by means 
of a fine circular saw. The principle of this machine 
is the same as that which we have described as being 
employed at Ashford for the same purpose; it is, how- 
ever, to a great extent different in its arrangement, 
the saw-bench being furnished with a sliding table on 
one side only, and this table being traversed by hand— 
2 modification which materially simplifies the machine— 
whilst the plan adopted for holding the blocks up 
against the oblique fence-plate is also different. After 
the blocks have, by the aid of this machine, been cut 
into segments, they are taken to a compound sawing 
and rebating machine, of which we give illustrations in 
7 1 and 2, page 130. 

his compound machine is arranged so as to perform 
several operations. It consists of a revolving table, 
planed out to hold as many of the segments as 
can be conveniently placed upon it, the compartments 
acting as gauges to ensure that the segments are of 
uniform size. The arrangement of the segments will 
be seen from Fig. 2, which is a part plan of the 
machine. Above the table is a strong ring, fur- 
nished with'a number of cramp screws, by means of 
which the segments can be secured in the recesses in the 
table. In the centre of the table is an upright, 
which is provided with slides in which works a frame, 
having a vertical reciprocating motion imparted to it 
by means of a connecting-rod, coupled to a crank- 
pin, in a disc fixed on a shaft near the base plate. The 
moving frame carries a: web saw, as shown in Fig. 
1, this saw being so situated that it can act on the 
— ends of the segments, as we shall explain pre- 
sently. 

Another upright frame, shown on the left-hand side 
of the machine, carries two pulleys, over which a band 
saw is passed, this saw being guided by means of 
guide pulleys mounted on an adjustable carriage. The 
upright is fitted with an adjasting screw, by means 
of which the band saw ean be set. to'cut segments of 
various ‘sizes, ‘and the bearings of the lower pulley over 


which the band saw passes can also be shifted by means 
of screws, so that the saw can be made to cut the 
outer ends of the segments to any desired bevel. 

A third upright frame carries two compound slides 
which are provided with bearings for two horizontal 
spindles, these spindles carrying a pair of rebating 
cutters, which ima the outer ends of the segments 
for the reception of the rings by which the tyre is 
afterwards secured to the dise of the wheel. A fourth 
upright, shown on the right-hand side of the engraving, 
is provided with bearings, which receive the trunnions 
of the vertical headstock, this headstock being fur- 
nished with a spindle, driven by means of a belt 
pulley, and carrying edge-cutters, which finish off the 
ends of the segments to the exact size and bevel re- 
quired. The upright, which we have already mentioned 
as being situated in the centre of the table, is also 
furnished, in addition to the guides for the vertical 
saw, with compound slides, and in bearings on the 
outer slide is mounted a spindle, which carries a cutter 
for cutting off the inner corner of the wooden segments 
to correspond with the shape of the nave. The main 
table has a circular motion imparted to it by suitable 
gearing acting upon a spur wheel bolted to its under 
side; and the horizontal spindles, carrying the re- 
bating cutters, are driven from the pulley, shown on 
the left of the figure, by means of the arrangement of 
belt shown in Fig. 1. 

In working the machine the table is partly charged 
with wood segments, and, the machine being set in 
motion, the inner ends of the segments are cut to fit 
the nave by the vertical web saw, whilst the outer 
ends come in contact with the band saw, and are thus 
cut to the required length. As the table continues to 
revolve, the outer ends of the segments are brought 
under the action of the rebating cutters, whilst the inner 
ends are next operated upon by the cutters on 
the revolving spindle; and the outer ends are 
finished by the adze cutters. The blocks, being 
merely held by the cramping screws passing through the 
ring above them, can be readily removed as finished, 
and replaced by fresh ones by an attendant, as the table 
continues to revolve. The segments thus shaped are 
next taken to a single-spindie boring machine, where 
the holes are drilled for the boss bolts, the pair of 
segments to be drilled being held, whilst being drilled, 
in a suitable recess into which they are forced by a 
tightening screw. 

The putting of the wheels together, which is the 
next operation, is effected by means of the compound 
hydraulic press, of which we give a part section in 
Fig. 5, page 130. The top of the press, C, is supported 
by pillars, B, through which pass bolts which secure it 
to the foundation. The main cylinder of the press is fitted 
with the ram, E, which carries at the top of it the 
table, F, having a rim, a, furnished with dogs, by 
means of which the tyres can be adjusted to a position 
concentric with the ram. In the head of the main ram 
is arranged the smaller ram, G, which also carries a 
table, H, this table supporting, by means of the india- 
rubber cushion, f, the iron nave, c, around which are 
arranged the segments, ¢d. Inside the table, H, is the 
guide ring, e, which fits the bore of the nave or boss, 
and upon the top of the latter is placed a washer-plate, 
through which a bolt, g, passes down and screws into 
a crossbar, 4. This crossbar supports the washer 
plate, i, which forms part of the nave, and, by screwing 
up the bolt, g, the segments are held firmly between this 
washer plate and the corresponding flange on the boss. 
The bolt-holes in the washer-plate and boss flange are 
set fair with each other by means of the guide-pin, j, 
and the bolt, g, is tightened up by means of the spindle, 
q, Which has a socket formed on its lower end to fit 
the head of the bolt, g, and at its upper end carries a 
worm wheel, which can be driven by means of the worm, 
r, fixed on the shaft, J. Sliding in a tubular projec- 
tion in the centre of the top, C, of the press is the 
socket, £, the upper end of which is furnished with a 
screw thread which fits a corresponding thread formed 
in the boss of the bevel wheel, /, the bevel wheel being 
driven by a bevel pinion, m. ‘The bevel pinion, m, is 
fixed on the same shaft, I, as the spur wheel, , and 
this wheel is driven by the pinion, 0, which can be 
turned by the hand wheel, p. 

It will be seen that, when the rams are in their 
lowest position, the tyre, ¢, is supported upon the rim, 
a, of the table, F. The small ram, (, is then raised until 
the table, H, is slightly above the upper edge of the 
tyre, and the ring, 7, and nave, ¢, are then placed in 
the centre of the press, and the bolt-holes set fair by 
threading them on the pin, 7.. The wooden segments 
are then arranged round the nave, and the small ram 


is forced up still further, until the upper surfaces of 





the segments come in contact with the ring, #, which 


is fixed to the underside of the top of the press. Whilst 
they are thus held firmly up by the hydraulic pressure 
under the two rams, the socket, 4, 1s screwed down 
by means of the handle, p, and the flange of the boss 
is thus foreed hard down upon the wooden segments, 
the ring, #, being also brought into close contact with 
the underside of the segments by the aid of the screw, 
g. The large ram, E, is then brought into action, and 
the tyre forced by the hydraulic pressure on to the 
wooden dise formed by the segments. 

The holes for the bolts passing through the rings 
and dise are drilled by means of a multiple drilling 
machine, which drills all the holes at the same time. 
In this machine the wheel, all put together with the 
rings in their places, is laid upon a table placed to re- 
ceive it, and is held in position by a plunger, which 
rises up into the hole in the boss, the elevation and de- 
pression of the plunger being effected by a pinion 
taking into a number of grooves which are cut in the 

lunger, and thus form a continuous rack round it. 
Che plunger is also fitted with a worm wheel, through 
which it slides upon a key and groove, and this 
wheel is furnished with a worm, by means of which it 
and, consequently, the pater can be turned by hand. 
On the upper part of the plunger is fixed a projecting 
key, which fits into the key-way in the boss of the 
wheel, and the motion of the plunger is thus commu- 
nicated to the wheel, so that any part of the cireum- 
ference of the latter can be brought under the action of 
the drills. The drills, which are equal in number to 
the bolt-holes required in each wheel, are arranged in 
a circle, their spindles being furnished with pinions, 
which are driven by a horizontal spur-wheel fixed on a 
central vertical shaft. ‘The drill spindles are mounted 
on headstocks, which are adjustable radially, so that 
they can be placed so as to suit wheels of different 
diameters, the central shaft being arranged so that the 
spur-wheel em on it can be readily changed for an- 
other of a different size, to suit the altered position of 
the spindles. The wheel is fed up to the drills by 
means of an arrangement of cams placed beneath the 
table on which it rests, these cams being worked by 
suitable gearing connected with the main driving shaft. 

By the machine above described, the holes are 
drilled both through the rings and the wooden disc, 
and the wheel is then ready to have the bolts driven 
in, and to be placed on the axle in the usual way. 
Altogether, the machines introduced by Mr. Green- 
wood form a very complete series for the manufacture 
of wooden dise wheels, and enable the whole of the 
processes to be carried out in the best manner, with- 
out the intervention of hand labour. By this means, 
not only is great speed of production obtained, but any 
number of wheels can be made exact duplicates of each 
other—a very great advantage. Some of Mr. Green- 
wood’s machines are now in use at the Leeds Wheel 
and Axle Works, and we understand that they are a 
complete success, and turn out first-rate work. 








Twenty-IncH Gons.—The third gun of this size yet pro- 
duced in the States, and the first for naval service, was lately 
successfully cust at Pittsburgh; 140,000 lb. of iron (101,000 lb. 
having been previously melted and cooled) were melted in three 
furnaces. The finished gun will have a bore 12 ft. 3in. long, 
and a chamber 10 in. deep. The greatest diameter will be 
64 in., and at the muzzle 35} in. 

Notes on Borters.—The Scientific American copies from 
our pages the above series of notes. ‘lo three of them, as fol- 
lows, editorial remarks are added: 

“ Glass gage tubes for steam boilers are seldom used in the 
United States. Gage cocks are still relied upon, and occasion- 
ally as many as seven are applied at different levels to a loco- 
motive boiler. [An absurd statement: the Jaw requires a glass 
gage to be on every boiler.—Eps. Scr. Am. ] ; 

‘* Angle iron is not employed, either in France or in the 
United States, in the construction of locomotive boilers. [A 
mistake.—Eps. ] 

‘* It is a somewhat remarkable fact that the boilers of sea- 
going steam vessels very seldom explode. Considering their 
number, their size, their continuous working for many days to- 
gether, and their liability to incrustations, such boilers might be 
expected to explode frequently. {It is not at all singular; it 
is because they are taken care of.—Eps. }” 

However absurd the first statement may appear to the Scientific 
American, we are able, even at,this distance, to inform- him 
that there is no American law which enforces the application of 
gauge tubes to locomotive boilers, nor are they fhus used. The 
seven gauge cocks we saw upon a locomotive boiler at New 
Albany, Indiana. As for angle iron, we can assert that most, if 
not all, locomotive makers in the States have long since aban- 
doned its use, and although we have not been lately in that 
country, we do not believe its use has been recommenced, As 
for the marine boilers, we are not aware that they, more than 
all other boilers, are “taken care of,” and we therefore retain 
| opinion that their apparent immunity from explosion is sin- 

ular. 

P CENTRIFUGAL Forcr.—A heavy fly-wheel, at the Crinoline 
Steel Works of Hodgekinson and Whitton, of Attercliffe, burst 
on Tuesday morning, destroying the roof ofthe works, but for- 
tunately causing no more than a few wounds, none of them dan- 
gerous, to the workmen who were under the roof. One heav 





piece oi the fly-wheel was thrown 180 yards, 
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BRITISH ASSOCIATION. 


[From its great length, we are unable to give in a single 
number the whole of the opening address by Mr. W. R. Grove, 
Q.C., F.R.S., President of the British Association, on the open- 
ing of the Nottingham meeting, on Wednesday last. We think 
that its permanent value entitles it to record in our pages. } 


Address of Wrii1am Rosert Grove, Esq., Q.C., M.A., 
F.R.S., President. 


Ir our rude predecessors, who at one time inhabited the 
caverns which surround this town, could rise from their graves 
and see it in its present state, it may be doubtful whether they 
would have sufficient knowledge to be surprised. 

The machinery, almost resembling organic beings in delicacy 
of structure, by which = fabricate products of world-wide 
reputation, the powers of matter applied to give motion to that 
machinery, are so far removed from what must have been the 
conceptions of the semi-barbarians to whom I have alluded, that 
they could not look on them with intelligent wonder. 

Yet this immense progress has all been effected step by step, 
now and then a little more sudden than at other times; but, 
viewing the whole course of improvement, it has been gradual, 
though moving in an accelerated ratio. But it is not merely in 
those branches of natural knowledge which tend to improve- 
ments in economical arts and manufactures that science has 
made great progress. Inthe study of our own planet and the 
organic beings with which it is crowded, and in so much of the 
universe as vision, aided by the telescope, has brought within 
the scope of observation, the present century has surpassed any 
antecedent period of equal duration. 

It would be difficult to trace out all the causes which have 
led to the increase of observational and experimental know- 
ledge. 

Among the more thinking portion of mankind the gratification 
elt by the discovery of new truths, the expansion of faculties, 
and extension of the boundaries of knowledge have been doubt- 
less a sufficient inducement to the study of nature; while, to the 
more practical minds, the reality, the certainty, and the progres- 
sive character of the acquisitions of natural science, and the 
enormously increased means which its applications give, have 
impressed its importance as a minister to daily wants and a con- 
tributor to ever-increasing material comforts, luxury, and 

wer. 

P Thou h by no means the only one, yet an important cause of 
the rapid advance of science is the growth of associations for pro- 
moting the Progress either of physical knowledge generally or 
of special branches of it. Since the foundation of the Royal 
Society, now more than two centuries ago, a vast number of 
kindred societies have sprung up in this country and in Europe. 
The advantages conferred by these societies are manifold ; they 
enable thase who are pet | to scientific research to combine, 
compare, and check their observations, to assist, by the thoughts 
of several minds, the promotion of the inquiry undertaken ; they 
contribute from a joint purse to such efforts as their members 
deem most worthy; they afford a means of submitting to a com- 
petent tribunal notices and memoirs, and of obtaining for their 
authors and others, by means of the discussions which ensue, 
information given by those best informed on the particular sub- 
ject; they enable the author to judge whether it is worth his 
while to pursue the subjects he has brought forward, and they 
defray the expense of printing and publishing such researches as 
are thought deserving of it. 

These advantages, and others might be named, pertain to the 
Association, the 36th Meeting of which we are this evening 
assembled to inaugurate; but it has, from its intermittent and 
peripatetic character, advantages which belong to none of the 
societies which are fixed as to their locality. 

Among these are the novelty and freshness of an annual 
meeting, which, while it brings together old members of the 
Association, many of whom only meet on this occasion, always 
adds a quota of new members, infusing new blood, and varying 
the social character of our meetings. 

The visits of distinguished foreigners, whom we have previ- 
ously known by reputation, is one of the most delightful and im- 
proving of the results. ‘The wide field of inquiry, and the 
character of communications made to the Association, including 
all branches of natural knowledge, and varying from simple 
notices of an interesting observation or experiment to the most 
intricate and refined branches of scientific research, is another 
valuable characteristic. 

Lastly, perhaps the greatest advantage resulting from the 
annual visits of this great parliament to new localities is that, 
while it imparts fresh local knowledge to the visitors, it leaves 
behind stimulating memories, which rouse into permanent 
activity dormant or timid minds—an effect which, so far from 
ceasing with the visit of the Association, frequently begins when 
that visit terminates. 

Every votary of physical science must be anxious to see it 
recognised by those institutions wf the country which can to the 
greatest degree promote its cultivation and reap from it the 
greatest benefit. You will probably agree with me that the 
principal educational establishments on the one hand, and on the 
other the Government, in many of its departments, are the in- 
stitutions which may best fulfil these conditions. The more 
early the mind is trained toa pursuit of any kind, the deeper 
and more permanent are the impressions received, and the more 
service can be rendered by the students. 

** Quo semel est imbuta recens, servabit odorem 
Testa diu.” 

Little can be achieved in scientific research without an ac- 
quaintance with it in youth; you will rarely find an instance of 
a man who has attained any eminence in science who has not 
commenced its study at a very early period of life. Nothing, 
again, can tend more to the promotion of science than the exer- 
tions of those who have early acquired the #@os resulting from 
a scientific education. I desire to make no complaint of the 
tardiness with which science has been received at our public 
schools and, with some exceptions, at our universities. These 

t establishments have their roots in historical periods, and 
jong time and patient endeavour is requisite before a new branch 
of thought can be grafted with success on a stem to which it is 
exotic. Nor should I ever wish to see the study of 








of history, of all those refined associations which the past has 
transmited to us, neglected; but there is room for both. It is 
sad to see the number of so-called educated men who, travelling 
by railway, voyaging by steamboat, consulting the almanac for 
the time of sunrise or full moon, have not the most elementary 
knowledge of asteam-engine, a barometer, or a quadrant; and 
who will listen with a half-confessed faith to the most idle 
dictions as to weather or cometic influences, while they are in a 
state of crass ignorance as to the cause of the trade-winds or 
the form of a comet’s path. May we hope that the slight in- 
filtration of scientific studies, now happily commenced, will 
extend till it occupies its fair space in the education of the 
young, and that those who may be able learnedly to discourse on 
the Eolic digamma will not be ashamed of knowing the principles 
of an air-pump, an electrical machine, or a telescope, and will 
not, as Bacon complained of his contemporaries, despise such 
knowledge as something mean and mechanical. 

To assert that the great departments of Government should 
encourage physical science may appear a truism, and yet it is 
but of late that it has been seriously done; now; the habit of 
consulting men of science on important questions of national 
interest is becoming a recognised practice, and in a time, which 
may seem long to individuals, but is short in the history of a 
nation, a more definite sphere of usefulness for national pur- 
poses will, I have no doubt, be provided for those duly qualified 
men who may be content to give up the more tempting study of 
abstract science for that of its practical applications. In this 
respect the Report of the Kew Committee for this year affords a 
subject of congratulation to those whom I have the honour to 
address. The Kew Observatory, the petted child of the British 
Association, may possibly become an important national esta- 
blishment; and if so, while it will not, I trust, lose its character 
of a home for untrammelled physical research, it will have 
superadded the Meteorological Department of the Board of 
Trade with a staff of skilful and experienced observers. 

This is one of the results which the general growth of science, 
and the labours of this association in particular, have produced ; 
but I do not pro on this occasion to recapitulate the special 
objects attained by the association ; this has been amply done by 
several of my predecessors; nor shall I confine my address to 
the progress made in physical science since the time when my 
most able and esteemed friend and predecessor addressed you 
at Birmingham. Inthe various reports and communications 
which will be read at your sections, details of every step which 
has been made in science since our last meeting will be brought 
to your notice, and I have no doubt fully and freely discussed. 

purpose, with your kind permission, to submit to you cer- 
tain views of what has within a comparatively recent period 
been accomplished by science, what have been the steps leading 
to the attained results, and what, as far as we may fairly 
form an opinion, is the general character pervading modern dis- 
covery. 

oy to me that the object we have in view would be more 
nearly approached, by each President, chosen as they are in 
succession as representing different branches of science, giving 
on these occasions either an account of the progress of the 
particular branch of science he has cultivated, when that is not 
of a very limited and special character, or enouncing his own 
view of the general progress of science; and though this will 
necessarily involve much that belongs to recent years, the con- 
fining a president to a mere résumé of what has taken place 
since our last meeting would, I venture with diffidence to think, 
limit his means of usefulness, and render his discourse rather an 
annual register than an instructive essay. 

I need not dwell on the common-place but yet important topics 
of the material advantages resulting from the application of 
science; I will address myself to what, in my humble judgment, 
are the lessons we have learned and the probable prospects of 
improved natural knowledge. 

ne word will give you the key to what I am about to dis- 
course on; that word is continuity, no new word, and used in no 
new sense, but perha applied more generally than it has 
hitherto been. We shall see, unless I am much mistaken, that 
the development of observational, experimental, and even deduc- 
tive knowledge is either attained by steps so extremely small as 
to form really a continuous ascent; or when distinct results ap- 
parently separate from any co-ordinate phenomena have been 
attained, that then, by the subsequent progress of science, in- 
termediate links have been discovered uniting the apparently 
segregated instances with other more familiar phenomena. 

Thus the more we investigate, the more we find that in ex- 
isting phenomena, graduation from the like to the seemingly un- 
like prevails, and in the changes which take place in time, 
gradual progress is, and apparently must be, the course of na- 
ture. 

Let me now endeavour to apply this view to the recent pro- 
gress of some of the more prominent branches of science. 

In astronomy, from the time when the earth was considered 
a flat plain, bounded by a flat ocean—when the sun, moon, and 
stars were regarded as lanterns to illuminate this plain—each 
successive discovery has brought with it similitudes and analogies 
between this earth and many of the objects of the universe with 
which our senses, aided by instruments, have made us acquainted. 
I pass, of course, over those discoveries which have established 
the Copernican system as applied to our sun, its attendant 
planets, and their satellites. ‘The proofs, however, that gravi- 
tation is not confined to our solar system, but pervades the uni- 
verse, have received many confirmations by the labours of mem- 
bers of this association; I may name those who have held the 
office of president, Lord Rosse, Lord Wrottesley, and Sir J. 
Herschel, the two latter having devoted special attention to the 
orbits of double stars, the former to those probably more recent 
systems called nebu!s. Double stars seem to be orbs analogous 
to our own sun, and revolving round their common centre of 
gravity in a conic-section curve, as do the planets with which we 
are more intimately acquainted; but the nebule present more 
difficulty, and some doubt has been expressed whether gravita- 
tion, such as we consider it, acts with those bodies (at least 
those exhibiting a — form) as it does with us; possibly some 
other modifying influence may exist, our present ignorance of 
which gives rise to the apparent difficulty. There is, however, 
another class of observations quite recent in its importance, and 
which has formed a special subject of contribution to the Re- 





ports and Transactions of this association; I allude to those 
on meteorites, at which our lamented member, and to many of 
us our valued friend, Professor Baden Powell, assiduously la- 
boured, for investigations into which a committee of this associa- 
tion is formed, and a series of star-charts for enabling observers 
of shooting stars to record their observations was laid before 
the last meeting of the association by Mr. Glaisher. 

It would occupy too much of your time to detail the efforts of 
Bessel, Schwinke, the late Sir J. Lubbock, and others, as ap- 
plied to the formation of star-charts for aiding the observation 
of meteorites which Mr. Alexander Herschel, Mr. Brayley, Mr. 
Sorby, and others are now studying. 

Dr. Olmsted explained the appearance of a point from which 
the lines of flight of meteors seem to radiate, as being the per- 
spective vanishing point of their parallel or nearly parallel 
courses appearing to an observer on the earth as it approaches 
them. The uniformity of position of these radiant points, the 
many corroborative observations on the direction, the distances, 
and the velocities of these bodies, the circumstance that their 
paths intersect the earth’s orbit at certain definite periods, and 
the total failure of all other theories which have been advanced, 
while there is no substantial objection to this, afford evidence 
almost amounting to proof that these are cosmical bodies moving 
in the interplanetary space by gravitation round the sun, and 
some perhaps round planets. This view gives us a new element 
of continuity. The universe would thus appear not to have the 
extent of empty space formerly attributed to it, but to be 
studded between the larger and more visible masses with smaller 
planets, if the term be permitted to be applied to meteorites. 

Observations are now made at the periods at which meteors 
appear in greatest numbers—at Greenwich by Mr. Glaisher, at 
Cambridge by Professor Adams, and at Hawkhurst by Mr. 
Alexander Herschel—and every preparation is made to secure as 
much accuracy as can, in the present state of knowledge, be se- 
cured for such observations. 

The number of known asteroids, or bodies of a smaller size 
than what are termed the ancient planets, has been so increased 
by numerous discoveries, that instead of seven we now count 
eighty-eight as the number of recognised = field of 
discovery with which the name of Hind will be ever associated. 

If we add these, the smallest of which is only three or four 
miles in diameter, indeed, cannot be accurately measured, and 
if we were to apply the same mye ig A other parts of the 
heavens as has been — to the zone between Mars and Jupi- 
ter, it is no far-fetched speculation to sup that between 
these asteroids and the meteorites bodies of intermediate size 
exist until the space occupied by our solar system becomes filled 
up with planetary bodies varying in size from that of Jupiter 
(1240 times larger in volume than the earth) to that of a can- 
non ball or even a pistol bullet. 

The researches of Leverrier on the intra-mercurial planets, 
come in aid of these views; and another half-century may, and 
not improbably will, enable us to ascertain that the now seem- 
ingly vacant interplanetary spaces are occupied by smaller bodies 
which have hitherto escaped observation, just as the asteroids 
had until the time of Olbers and Piazzi. But the evidence of 
continuity as pervading the universe does not stop at telescopic 
observation ; chemistry and physical optics bring us new proofs. 
Those meteoric bodies, which have from time to time come so far 
within reach of the earth’s attraction as to fall upon its sur- 
face, give on analysis metals and oxides similar to those which 
belong to the structure of the earth—they come as travellers 
bringing specimens of minerals from extra-terrestrial regions. 

In a series of papers recently communicated to the French 
Academy, M. Daubrée has discussed the chemical and mineral- 
ogical character of meteorites as compared with ‘the rocks 
of the earth. He finds that the’ similarity of terrestrial 
rocks to meteorites increases as we penetrate deeper into the 
earth’s crust, and that some of the deep-seated minerals have a 
composition and characteristics almost identical with meteorites 
— herzolite, and serpentine, for instance, closely resemble 
them]; that as we approach the surface, rocks having similar 
components with meteorites are found, but in a state of oxida- 
tion, which necessarily much modifies their mineral character, 
and which, by involving secondary oxygenized compounds, must 
also change their chemical constitution. By experiments he has 
succeeded in forming from terrestrial rocks substances ve 
much resembling meteorites. Thus close relationship, thoug 
by no means identity, is established between this earth and 
those wanderers from remote regions, some evidence, though at 
present incomplete, of a common origin. 

Surprise has often been expressed that, while the mean specific 
gravity of this globe is from five to six times that of water, the 
mean specific gravity of its crust is barely half as great. It has 
long seemed to me that there is no ground for wonder here. 
The exterior of our planet is to a considerable depth oxidated ; 
the interior is in all probability free from oxygen, and what- 
ever bodies exist there are in a reduced or deoxidated state; if 
so, their specific gravity must necessarily be higher than that of 
their oxides or chlorides, &c.; we find, moreover, that some of 
the deep-seated minerals have a higher specific gravity than the 
average of those on the surface; olivine, for instance, has a 
specific gravity of 3.3. There is therefore no @ priori impro- 
bability that the mean specific gravity of the earth should 
notably exceed that of its surface; and if we go further and 
sup the interior of the earth to be formed of the same in- 
pm: wo as the exterior, minus oxygen, chlorine, bromine, &c., 
a specific gravity of 5 to6 would not be an unlikely one. Many 
of the elementary bodies entering largely into the formation of 
the earth’s crust are as light or lighter than water—for instance, 
potassium, sodium, &c.; others, such as sulphur, silicon, alu- 
minium, have from two to three times its specific gravity ; others, 
again, as iron, copper, zinc, tin, seven to nine times; while 
others, lead, gold, platinum, &c., are much more dense—but, 
speaking generally, the more dense are the least numerous. 
There seems no improbability in a mixture of such substances 
producing a mean specific gravity of from 5 to 6, although it by 
no means follows, indeed the bility is rather the other way, 
that the proportions of the ad seoree in the interior of the earth 
are the same as on the exterior. It — be worth the labour 
to ascertain the mean specific gravity of all the known minerals 
on the earth’s surface, averaging them in the ratios in which, a8 
far as our knowledge goes, they quantitatively exist, and assum~- 
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ing them to exist without the oxygen, chlorine, &c., with which 
they are, with some rare exceptions, invariably combined on the 
suriace of the earth: great assistance to the knowledge of the 
probable constitution of the earth might be derived from such 
an investigation. 

While chemistry, analytic and synthetic, thus aids us in 
ascertaining the relationship of our planet to meteorites, its 
relation in composition to other planets, to the sun, and to more 
distant suns and system is aided by another science, viz., 
optics. 

P That light passing from one transparent medium to another 
should carry with it evidence of the source from which it 
emanates, would, until lately, have seemed an extravagant su 

ition ; but probably (could we read it) everything contains in 
itself a large portion of its own history. 

I need not detail to you the discoveries of Kirchhoff, Bunsen, 
Miller, Huggins, and others; they have been dilated on by m 

redecessor. Assuming that spectrum analysis is a reliable 
indication of the presence of given substances by the position 
of transverse bright lines exhibited when they are burnt and of 
transverse dark lines when light is transmitted through their 
vapours, though Pliicker has shown that with some substance 
these lines vary with temperature, the point of importance in the 
view I am presenting to you is, that while what may be called 
comparatively neighbouring cosmical bodies exhibit lines identi- 
cal with many of those shown by the components of this planet, 
as we proceed to the more distant appearances of the nebulz we 
get but or two of such lines, and we get one or two new bands 
not yet identified with any known to be produced by substances 
on this globe. 

Within the last year Mr. Huggins has added to his former 
researches observations on the spectrum of a comet (comet 1 of 
1866), the nucleus of which shows but one bright line, while 
the spectrum formed by the light of the coma is continuous, 
seeming to show that the nucleus is gaseous, while the coma 
would consist of matter in a state of minute division shining by 
reflected light: whether this be solid, liquid, or gaseous is 
doubtful, but the author thinks it is in a condition analngous to 
that of fog or cloud. The position in the spectrum of the bright 
line furnished by the nucleus is the same as that of nitrogen, 
which is also shown in some of the nebule. 

But the most remarkable achievement by spectrum analysis 
is the record of observations on a temporary star which has 
shone forth this year in the constellation of the northern crown 
about a degree S.E. of the stare. When it was first seen, May 
12th, it was nearly equal in brilliancy to a star of the second 
magnitude; when observed by Mr. Huggins and Dr. Miller, May 
16th, it was reduced to the third or fourth magnitude. Ex- 
amined by these observers with the spectroscope, it gave a 

spectrum which they state was unlike that of any celestial body 
they had examined. 

‘The light was compound and had emanated from two different 
sources. One spectrum was analogous to that of the sun, viz. 
formed by the light of an incandescent solid or liquid photo- 
sphere which had suffered absorption by the vapours of an 
envelope cooler than itself. The second spectrum consisted of 
a few bright lines, which indicated that the light by which it 
was formed was emitted by matter in the state of luminous gas. 
They consider that, from the position of two of the bright lines, 
the gas must be probably hydrogen, and from their brilliancy 
compared with the light of the photosphere the gas must have 
been at a very high temperature. They imagine the phenomena 
to result from the burning of hydrogen with some other element, 
and that from the resulting temperature the photosphere is 
heated to incandescence, 

There is strong reason to believe that this star is one previ- 
ously seen by Argelander and Sir J. Herschel, and that it is a 
variable star of long or irregular period; it is also notable that 
some of its spectrum lines correspond with those of several 
variable stars. ‘The time of its appearance was too short for any 
attempt to ascertain its parallax; it would have been important 
if it could even have been established that it is not a near neigh- 
bour, as the magnitude of such a phenomenon must depend 
upon its distance. I forbear to add any speculations as to the 
cause of this most singular phenomenon ; however imperfect the 
knowledge given us by these observations, it is a great triumph 
to have caught this fleeting object, and obtained permanent 
records for the use of future observers. 

It would seem as if the phenomenon of gradual change ob- 
tained towards the remotest objects with which we are at present 
acquainted, and that the further.we penetrate into space the 
more unlike to those we are acquainted with become the objects 
of our examination,—sun, planets, meteorites, earth similar] 
though not identically constituted, stars differing from eac 
other and from our system, and nebulz more remote in space 
and differing more in their characters and constitution. 

Whilst we thus can to some extent investigate the pbysical 
constitution of the most remote visible substances, may we not 
hope that some further insight as to the constitution of the 
nearest, viz. our own satellite, may be given us by this class of 
researches? ‘The question whether the moon possesses any at- 
mosphere may still be regarded as unsolved. If there be any, 
it must be exceedingly small in quantity and highly attenuated. 
Calculations, made from occultation of stars, on the apparent 
differences of the semidiameter of the bright and dark moon, give 
an amount of difference which might indicate a minute atmo- 
sphere, but which Mr. Airy attributes to irradiation. 

Supposing the moon to be constituted of similar materials to 
the earth, it must be, to say the least, doubtful whether there is 
oxygen enough to oxidate the metals of which she is composed ; 
and if not, the surface which we see must be metallic, or nearly 
so. The appearance of her craters is not unlike that seen on the 
surface of some metals, such as bismuth, or, according to Pro- 
fessor Phillips, silver, when cooling from fusion and just previ- 
ous to solidifying; and it might be a fair subject of inquiry 
whether, if there be any coating of oxide on the surface, it may 
not be so thin as not to disguise the form of the congealed metal- 
lic masses, as they may have set in cooling from igneous fusion. 
M. Chacornac’s recent observations lead him to suppose that 
many of the lunar craters were the result of a single explosion, 
which raised the surface as a bubble and deposited its débris 
around the orifice of eruption. 

The eruptions on the surface of the moon clearly did not take 





place at one period only, for at many parts of the disc craters 
may be seen encroaching on and disfiguring more ancient craters, 
sometimes to the extent of three or four successive displace- 
ments: two important questions might, it seems to me, be solved 
by an attentive examination of such portions of the moon. By 
observing carefully with the most powerful telescopes the 
character of the ridges thus successively formed, the successive 
states of the lunar surface at different epochs might be eluci- 
dated; and secondly, as on the earth we should look for actual 
volcanic action at those points where recent eruptions have taken 
place, so on the moon the more recently active points being 
ascertained by the successive displacement of anterior forma- 
tions, it is these points which should be examined for existing 
disruptive disturoances. Metius and Fabricius might be cited 
as points of this character, having been found by M. Chacornac 
to present ive displ ts and to be perforated by 
numerous channels or cavities. M. Chacornac considers that the 
seas, as they are called, or smoother portions of the lunar surface 
have at some time made inroads on anteriorly formed craters; if 
so, a large portion of the surface of the moon must have been in 
a fused, liquid, semiliquid, or alluvial state long after the solidi- 
fying of other portions of it. It would be difficult to suppose 
that this state was one of igneous fusion, for this could hardly 
exist over a large part of the surface without melting up the re- 
maining parts; on the other hand, the total absence of any signs 
of water, and of any, or, if any, only the most attenuated, 
atmosphere, would make it equally difficult to account for a 
large diluvial formation. 

Some substances, like mercury on this planet, might have 
remained liquid after others had solidified; but the problem is 
one which needs more examination and study before any positive 
opinion can be pronounced. 

I cannot pass from the subject of lunar physics without re- 
cording the obligation we are under to our late president for his 
most valuable observations, and for his exertion in organising a 
band of observers devoted to the examination of this our nearest 
celestial neighbour, and to Mr. Nasmyth and Mr. De la Rue for 
their important graphical and photographical contributions to 
this subject.. The granular character of the sun’s surface 
observed by Mr. Nasmyth in 1860, is also a discovery which 
ought not to be.passed over in silence. 

Before quitting the subject of eg eet I cannot avoid 
expressing a feeling of disappointment that the achromatic tele- 
scope, which has rendered such notable service to this science, 
still retains in practice the great defect which was known a cen- 
tury ago, at the time of Hall and Dollond, namely, the inaccn- 
racy of definition arising from what was termed the irrationality 
of the spectrum, or the incommensurate divisions of the spectra 
formed by flint and crown glass. 

The beautiful results obtained by Blair have remained inope- 
rative from the circumstance that evaporable liquids being em- 
ployed between the lenses, a want of permanent uniformity in 
the instrument was experienced; and notwithstanding the high 
degree of perfection to which the grinding and polishing object- 
glasses has been brought by Clarke, Cooke, and Mertz, notwith- 
standing the greatly improved instrumental manufacture, the 
defect to which I have adverted remains unremedied and an 
eyesore to the observer with the refracting telescope. 

We have now a large variety of different kinds of glass, 
formed from different metallic oxides. A list of many such was 
given by M. Jacquelain a few years back; the last specimen 
which 1 have seen is a heavy highly refracting glass formed 
from the metal thallium by M. Lamy. Among all these could 
no two or three be selected which, having appropriate refracting 
and dispersing powers, would have the coloured spaces of their 
respective spectra, if not absolutely in the same Pa poor yo at 
all events much more nearly so than those of flint and crown 
glass? Could not, again, oily or resinous substances having 
much ‘action on the green or middle colour of the spectrum, 
such as castor oil, Canada balsam, &c., be made use of in com- 
bination with glass lenses to reduce, if not annihilate, this signal 
defect? This is not a problem to the solution of which there 
seems any insuperable difficulty ; the reason why it has not been 
solved is, I incline to think, that the great practical opticians 
have no time at their dispos«l to devote to long tentative experi- 
ments and calculations, and, on the other hand, the theoretic 
opticians have not the machinery and the skill in manipulation 
requisite to give the appropriate degree of excellence to the 
materials with which they experiment; yet the result is worth 
labouring for, as, could the defect be remedied, the refracting 
telescope would make nearly as great an advance upon its pre- 
sent state as the achromatic did on the single-lens refractor. 

While gravitation, physical constitution, and chemical analysis 
by the spectrum show us that matter has similar characteristics 
in other worlds than our own, when we pass to the consideration 
of those other attributes of matter which were at one time sup- 
posed to be peculiar kinds of matter itself, or, as they were 
called, imponderables, but which are now generally, if not uni- 
versally, recognised as forces or modes of motion, we find the 
evidence of continuity still stronger. 

When all that was known of magnetism was that a piece of 
steel rubbed against a particular mineral had the power of 
attracting iron, and, if freely suspended, of arranging itself 
nearly in a line with the earth’s meridian, it seemed an excep- 
tional phenomenon. When it was observed that amber, if 
rubbed, had the temporary power of attracting light bodies, this 
also seemed something peculiar and anomalous. What are now 
magnetism and electricity ? forces so universal, so gare d 
connected with matter, as to become two of its invariable attri- 
butes, and that to speak of matter not being capable of being 
affected by these forces would seem almost as extravagant as to 
speak of matter not being affected by gravitation. \ 

So with light, heat, and chemical affinity, not merely is every 
form of matter with which we are acquainted capable of mani- 
festing all these modes of force, but so-called matter supposed 
incapable of such manifestations wonld to most minds cease to 
be matter. 

Further than this it seems to me (though, as I have taken an 
active part for many years, now dating from a quarter of a cen- 
tury, in promoting this view, I may not be considered an impar- 
tial judge) that it is now proved that all these forces are so 
invariably connected inter se and with motion us to be regarded 
as modifications of each other, and as resolving themselves 








objectively into motion, and subjectively into that something 
which produces or resists motion, and which we call force. 

I may perhaps be permittted to recal a forgotten experiment, 
which nearly a quarter of a century ago I showed at the London 
Institution, an experiment simple enough in itself, but which 
then seemed to me important from the consequences to be 
deduced from it, and the importance of which will be much 
better appreciated now and then, 

A train of multiplying wheels ended with a small metallic 
wheel which, when the train was put in motion, revolved with 
extreme rapidity against the periphery of the next wheel, a 
wooden one. In the metallic wheel was placed a small piece of 
phosphorus, and as long as the wheels revolved, the phosphorus 
remained unchanged, but the moment the last wheel was stopped 
by moving a small lever attached to it, the phosphorus burst 
into flame. My object was to show that while motion of the 
mass continued, heat was not generated, but that when this was 
arrested, the force continuing to operate, the motion of the mass 
became heat in the particles. The experiment differed from 
that of Rumford’s cannon boring and Davy’s friction of ice, in 
showing that there was no heat while the motion was unresisted, 
but that the heat was in some way dependent on the motion 
being impeded or arrested. We have now become so accustomed to 
this view, that whenever we find motion resisted we look to heat, 
nn or some other force as the necessary and inevitable 
result. 

It would be out of place here, and treating of matters too 
familiar to the bulk of my audience, to trace how, by the labours 
of Oersted, Seebeck, Faraday, Talbot, Daguerre, and others, the 
way has been prepared for the generalisation now known as the 
correlation of forces or conservation of energy, while Davy, 
Rumford, Seguin, Mayer, Joule, Helmholtz, Thomson, and 
others (among whom I would not name myself, were it not that 
I may be misunderstood, and supposed to have abandoned all 
claim toa share in the initiation of this, as I believe, important 
oe have carried on the work; and how, sometimes 

y independent and, as is commonly the case, nearly simultaneous 
deductions, sometimes by progressive and accumulated dis- 
coveries, the doctrine of the reciprocal interaction, of the quan- 
titative relation, and of the necessary dependence of all the 
forces, has, I think I may venture to say, been established. 

If magnetism be, as it is proved to be, connected with the 
other forces or affections of matter, if electrical currents always 
produce, as they are proved to do, lines of magnetic force at 
right angles to their lines of action, magnetism must be cosmical, 
for where there is heat and light, there is electricity and con- 
sequently magnetism. Magnetism, then, must be cosmical and 
not merely terrestrial. Could we trace magnetism in other 

lanets and suns as a force manifested in axial or meridional 

ines, 7. e. in lines cutting at right angles the curves formed by 

their rotation round an axis, it would be a great step; but it is 
one hitherto unaccomplished. The apparent coincidences be- 
tween the maxima and minima of solar spots, and the decennial 
or undecennial periods of terrestrial magnetic intensity, though 
only empirical at present, might tend to lead us to a knowledge 
of the connexion we are seeking; and the President of the 
Royal Society considers that an additional epoch of coincidence 
has arrived, making the fourth decennial period; but some 
doubt is thrown upon these coincidences by the magnetic ob- 
servations made at Greenwich Observatory. Ina paper published 
in the ‘‘'Transactions of the Royal Society,” 1863, the astro- 
nomer royal says, speaking of results extending over seventeen 
years, there is no appearance of decennial cycle in the recurrence 
of great magnetic disturbances; and Mr. Glaisher last year, in 
the physical section of this association, stated that after perse- 
vering examination he had been unable to trace any con- 
nexion between the magnetism of the earth and the spots on 
the sun. 

Mr. Airy, however, in a more recent paper suggests that 
currents of magnetic force having reference to the solar hour are 
detected, and seem to produce vortices or circular disturbances, 
and he invites further co-operative observation on the subject, 
one of the highest interest, but at present remaining in great 
obscurity. 

One of the most startling suggestions as to the consequence 
resulting from the dynamical theory of heat is that made by 
Mayer, that by the loss of vis viva occasioned by friction of the 
tidal waves, as well as by their forming, as it were, a drag upon 
the earth’s rotatory movement, the velocity of the earth’s rotation 
must be gradually diminishing, and that thus, unless some 
undiscovered compensatory action exist, this rotation must 
ultimately cease, and changes hardly calculable take place in the 
solar system. 

M. Dalene considers that part of the acceleration of the 
moon’s mean motion which is not at present accounted for by 
planetary disturbances, to be due to the gradual retardation ot 
the earth’s rotation ; to which view, after an elaborate investiga- 
tion, the astronomer royal has given his assent. 

Another most interesting speculation of Mayer is that with 
which you are. familiar, viz., that the heat of the sun is oc- 
casioned by friction or percussion of meteorites falling upon it: 
there are some difficulties, not perhaps insuperable, in this 
theory. Supposing such cosmical bodies to exist in sufficient 
numbers they would, as they revolve round the sun, fall into it, 
not as an aérolite falls upon the earth directly by an intersection 
of orbits, but by the gradual reduction in size of the orbits, oc- 
casioned by a resisting medium; some portion of force would be 
lost, and heat generated in space by friction against such 
medium; when. they arrive at the sun they would, assuming 
them like the planets, to have revolved in the same direction, al 
impinge in a definite direction, and we might expect to see some 
symptoms of such in the suu’s photosphere ; but though this is in 
a constant state of motion, and the direction of these movements 
has been carefully investigated by Mr. Carrington and others, no 
such general direction is , wert and M. Faye, who some time 
ago wrote a paper pointing out me | objections to the theory of 
solar heat being produced by the fall of meteoric bodies into the 
sun, has recently investigated the proper motions of sun-spots, 
and believes he has removed certain apparent anomalies, and re- 
duced their motions to a certain regularity in the motion of the 

hotosphere, attributable to some general action arising from the 
internal mass of the sun. 

It might be expected that comets, bodies so light and so easily 
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deflected from their course, would show some symptoms of being 
acted on by gravitation, were such a number of bodies to exist 
in or near their paths, as are presupposed in the mechanical 
theory of solar heat. 

Assuming the undulatory theory of light to be true, and that 
the motion which constitutes light is transmitted across the in- 
terplanatary spaces by a highly elastic ether, then, unless this 
motion is confined to one direction, unless there be no inter- 
ference, unless there be no viscosity, as it is now termed, in the 
medium, and consequently no friction, light must lose something 
in its progress from distant luminous bodies, that is to say, must 
lose something as light; for, as all reflecting minds are now con- 
vinced that force cannot be annihilated, the force is not lost, but 
its mode of action is changed. If light, then, is lost as light 
(and the observations of Struvé seem to show this to be so, that, 
in fact, a star may be so far distant that it can never be seen in 
consequence of its luminous emissions becoming extinct), what 
becomes of the transmitted force lost as light, but existing in 
some other form? So with heat: our sun, our earth, and planets 
are constantly radiating heat into space, so in all probability are 
the other suns, the stars, and their attendant planets. What 
becomes of the heat thus radiated into space? If the universe 
have no limit, and it is difficult to conceive one, there is a con- 
stant evolution of heat and light; and yet more is given off than 
is received by each cosmical body, for otherwise night would be 
as light and as warm as day. What becomes of the enormous 
force thus apparently non-recurrent in the same form? Does 
it return as palpable motion? Does it move or contribute to 
move suns and planets? and can it be conceived as a force 
similar to that which Newton speculated on as universally re- 
pulsive and capable of being substituted for universal attrac- 
tion? We are in no position at present to answer such ques- 
tions as these; but I know of no problem in celestial dynamics 
more deeply interesting than this, and we may be no further 
removed from its solution than the predecessors of Newton were 
from the simple dynamical relation of matter to matter which 
that potent intellect detected and demonstrated. 

Passing from extra-terrestrial theories to the narrower field of 
molecular physics, we find the doctrine of correlation of forces 
steadily making its way. In the Bakerian Lecture for 1863 
Mr. Sorby shows, not perhaps a direct correlation of mechanical 
and chemical] forces, but that when, either by solution or by 
chemical action, a change in volume of the resulting substance 
as compared with that of its separate constituents is effected, 
the action of pressure retards or promotes the change, accord- 
ing as the substance formed waunll oceupy a larger or a smaller 
space than that occupied by its separate constituents; the ap- 
plication of these experiments to geological inquiries as to pe 
terranean changes which may have taken place under great 
pressure, is obvious, and we may expect to form compounds 
under artificial compression which cannot be found under normal 
pressure, 

In a practical point of view the power of converting one mode 
of force into another is of the highest importance, and with re- 
ference to a subject which at present. somewhat prematurely, 
perhaps, occupies men’s minds, viz., the prospective exhaustion 
of our coal-fields, there is every encouragement derivable from 
the knowledge that we can at will produce heat by the expendi- 
ture of other forces; but, more than that, we may probably be 
enabled to absorb or store up, as it were, diffused energy—for 
instance, Berthelot has found that the potential energy of formate 
of potash is much greater than that of its proximate consti- 
tuents, caustic potash and carbonic oxide. This change may 
take place spontaneously and at ordinary temperatures, and by 
such change carbonic oxide becomes, so to speak, reinvested 
with the amount of potential energy which its carbon possessed 
before uniting with oxygen, or, in other words, the carbonic 
oxide is raised as a force-possessor to the place of carbon by the 
direct absorption or conversion of heat from surrounding matter. 

Here we have as to force-absorption, an analogous result to 
that of the formation of coal from carbonic acid and water; and 
though this is a mere illustration, and may never become econo- 
mical on a large scale, still it and similar examples may calm 
apprehension as to future means of supplying heat, should our 
present fuel become exhausted. As the sun’s force, spent in 
times long past, is now returned to us from the coal which was 
formed by that light and heat, so the sun's rays, which are daily 
wasted, as far as we are concerned, on the sandy deserts of 
Africa, may hereafter, by chemical or mechanical means, be 
made to light and warm the habitations of the denizens of colder 
regions. The tidal wave is, again, a large reservoir of force 
hitherto almost unused. 

The valuable researches of Professor Tyndall on radiant heat 
afford many instances of the power of localizing, if the term be 
permitted, heat which would otherwise be dissipated. 

The discoveries of Graham, by which atmospheric air, drawn 
through films of caoutchoue, leaves behind half its nitrogen, or, 
in other words, becomes richer by half in oxygen, and hence has 
a much increased potential energy, not only show a most 
remarkable instance of physical m« lecular action, merging into 
chemical, but aflerd us indications of means of storing up force, 
much of the force used in working the aspirator being capable 
at any period, however remote, of being evolved hy burning the 
oxygen with a combustible. 

What changes may tuke place in our modes of applying force 
before the coal-fields are exhausted it is impossible to predict. 
Even guesses at the probable period of their exhaustion are 
uncertain. There is a tendency to itute for smelting in 
metallurgic processes, liquid chemical action, which of course 
has the effect of saving fuel; and ‘he waste of fuel in ordinary 
operations is endrmous, and can be much economized by already 
known processes. It is true that te are, at present, far from 
seeing a practical mode of replacing that granary of force the 
coal-fields; but we may with confiaence rely on invention being 
in this case, as in others, born of necessity, when the necessity 
arises. 

I will not further pursue this subject; at a time when 
science and civilization cannot prevent large tracts of country 
being irrigated by human blood in order to gratify the ambition 
of a few restless men, it seems an over refined-sensibility to 
occupy ourselves with providing means for our descendants in 
the tenth generation to warm their dwellings or propel their 
locomotives. 
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Two very remarkable applications of the convertibility of 
force have been recently attained by the experiments of Mr. 
Wilde and Mr. Holz; the former finds that, by conveying 
electricity from the coils of a magneto-electric machine toe an 
electro-magnet, a considerable increase of electrical power may 
be attained, and by applying this as a magneto-electric machine 
to a second, and in turn to a third electro-magnetic apparatus, 
the force is largely augmented. Of course, to produce this 
increase, more mechanical force must be used at each step to 
work the magneto-electric machines; but provided this be 
supplied,tthere hardly seems a limit to the extent to which 
mechanical may be converted into electrical force. 

Mr. Holz has contrived a Franklinic electrical machine, in 
which a similar principle is manifested. A varnished glass 
plate is made to revolve in close proximity to another plate 
having two or more pieces of card attached, which are electrified 
by a bit of rubbed class or ebonite; the moment this is effected 
a resistance is felt by the operator who turns the handle of the 
machine, and the slight temporary electrization of the card 
converts into a continuous flood of intense electricity the force 
supplied by the arm of the operator. 

These results offer great promise of extended application ; they 
show that, by a mere formal disposition of matter, one force can 
be converted into another, and that not tothe limited extent 
hitherto attained, but to an extent coordinate, or nearly so, 
with the increased initial force, so that, by a mere change in 
the arrangement of ngpeas, a means of absorbing and again 
eliminating in a new form a given force may be obtained to an 
indefinite extent. As we may, in a not very distant future, 
need, for the daily uses of mankind, heat, light, and mechanical 
force, and find our present resources exhausted, the more we 
can invent new modes of conversion of forces, the more prospect 
we have of practically supplying such want. It is but a month 
from this time that the greatest triumph of force-conversion has 
been attained. The chemical action generated by a little salt 
water on a few pieces of zinc will now enable us to converse 
with inhabitants of the opposite hemisphere of this planet, and 

“ Put a girdle round about the earth in forty minutes.” 

The Atlantic Telegraph is an accomplished fact. 

In physiology very considerable strides are being made by 
studying the relation of organised bodies to external forces; and 
this branch of inquiry has been promoted by the labours of 
Carpenter, Bence Jones, Playfair, E. Smith, Frankland, and 
others. Vegetables acted on by light and heat, decompose 
water, ammonia, and carbonic acid, and transform them into, 
among other substances, oxalate of lime, lactic acid, starch, 
sugar, stearine, urea, and ultimately albumen; while the 
animal reverses the process, as does vegetable decay, and 
produces from albumen, urea, stearine, sugar, starch, lactic 
acid, oxalate of lime, and ultimately ammonia, water, and 
carbonic acid. 

As, moreover, heat and light are absorbed, or converted in 
forming the synthetic processes going on in the vegetable, so 
conversely heat and sometimes light is given off by the living 
animal; but it must not be forgotten that the line of demarcation 
between a vegetable and an animal is difficult to draw, 
that there are no single attributes which are peculiar to either, 
and that it is only by a number of characteristics that either 
can be defined. 

The series of processes above given may be simulated by the 
chemist in his laboratory; and the amount of labour which a 
man has undergone in the course of twenty-four hours may be 
approximately arrived at by an examination of the chemical 
changes which have taken place in his body ; changed forms in 
matter indicating the anterior exercise of dynamical force. 
That muscular action is produced or supported by chemical 
change would probably now be @ generall coameaed doctrine ; 
but while many have thought that co power is derived 
from the oxidation of albuminous or nitrogenized substances, 
several recent researches seem to show that the latter is rather 
an accompaniment than a cause of the former, and that it is by 
the oxidation of carbon and hydrogen compounds that muscular 
force is supplied. ‘Traube has been prominent in advancing 
this view, and experiments detailed in a paper mca this 
year by two Swiss professors, Drs. Fich and Wislicenus, which 
were made by and upon themselves in an ascent of the Faulhorn, 
have gone far to confirm it. Having fed themselves, before and 
during the ascent, upon starch, fat, and sugar, avoiding all 
nitrogenised compounds, they found that the consumption of 
such food was amply sufficient to supply the force necessary for 
their expedition, and that they felt no exhaustion. By appro- 
priate chemical examination they ascertained that there was no 
notable increase in the oxidation of the nitrogenised con- 
stituents of the body. After calculating the mechanical 
equivalents of the combustion effected, they then state, as their 
first conclusion, that ‘* The burning of protein substances cannot 
“be the only source of muscular power, for we have here 
“* two cases in which men perform more measurable work than 
“the equivalent of the amount of heat which, taken at a most 
“absurdly high figure, could be calculated to result from the 
“ burning of the albumen.” 

They further go on to state that, so far from the oxidation 
of albuminous substances not being the only source of muscular 
power, “the substances by the burning of which force is gene- 
* rated in the muscles are not the albuminous constituents of 
* those tissues, but non-nitrogenous substances, either fats or 
“ hydrates of carbon,” and that the burning of albumen is not 
in any way concerned in the production of muscular power. 

We must not confuse the question of the food which gives per- 
manent capability of muscular force with that which supplies 
its requisites for temporary activity ; no doubt the carnivora are 
the most powerfully constituted animals, but the chamois, ga- 
zelle, &c., have great temporary capacity for muscular exertion, 
though their food is vegetable; for concentrated and sustained 
energy, however, they do not equal the carnivora ; and with the 
domestic graminivora we certainly find that they are capable of 
performing more work when supplied with those vegetables 
which contain the greatest quantity of nitrogen. 

These and many similar classes of research show that in che- 
mical inquiries, as in other branches of science, we are gradu- 
ally relieving ourselves of hypothetical existences, which cer- 
tainly had the advantage that they might be varied to suit the 
requirements of the theorist. 








Phiogiston, as Lavoisier said with a sneer, was sometimes 
heavy, sometimes light; sometimes fire in a free state, some- 
times combined ; sometimes passing through glass vessels, some- 
times retained by them; which, by its protean changes, ex- 
plained causticity and non-causticity, transparency and opacity, 
colours and their absence, As phlogiston and similar creations 
of the mind have passed away, so with arenes fluids, im- 
ponderable matters, specific ethers, and other inventions of en- 
tities made to vary according to the requirements of the 
theorist, I believe the day is approaching when these will be 
dispensed with, and when the two fundamental conceptions of 
matter and motion will be found sufficient to explain physical 
phenomena. 4 

The facts made known to us by geological inquiries, while on 
the one hand they afford striking evidence of continuity, on the 
other, by the breaks in the record, may be used as arguments 
againstit. The great question once was, whether these chasins 
represent sudden changes in the formation of the earth’s crust, 
or whether they arise from dislocations occasioned since the 
original deposition of strata or from gradual shifting of the areas 
of submergence. Few geologists of the present day would, I 
imagine, not adopt the latter alternatives. Then comes a second 
question, whether, when the geological formation is of a con- 
tinuous character, the different characters of the fossils repre- 
sent absolutely permanent varieties, or may be explained by 
gradual modifying changes. 

Professor Ansted, summing up the evidence on this head as 
applied to one division of stratified rocks, writes as follaws; 
‘* Palwontologists have endeavoured to separate the Lias into a 
“ number of subdivisions, by the Ammonites, groups of species 
“ of those shells being characteristic of different zones. ‘The’ evi- 
“ dence on this point rests on the assumption of specific diffe- 
“* rences being indicated by peymanent modifications of the struc- 
“ ture of the shell. But it is quite possible that these may mean 
‘* nothing more than would be due to some change in the condi- 
‘tions of existence. Except between the Marlstone and the Upper 
“ Lias there is really no paleontological break, in the proper 
“ sense of the words; alterations of form and size consequent on 
“ the occurrence of circumstances more or less favourable, mi- 
“* gration of species, and other well-known causes, sufficiently 
*‘ account for many of those modifications of the form of the 
“ shell that haye been taken as specific marks. This view is 
“* strengthened by the fact that other shells and other organisms 
** generally show no proof of a break of any importance except 
“at the point already alluded to.” 

But, irrespectively of another deficiency in the gralesical 
record, which will be noticed presently, the physical breaks in 
the stratification make it next to impossible to fairly trace the 
order of succession of organisms by the evidence afforded by 
their fossil remains. Thus there are nine great breaks in the 
Palzozoic series, four in the secondary, and one in the tertiary, 
besides those between Palwozoic and secondary and secondary 
and ig respectively. Thus in England there are sixteen 
important breaks in the succession of strata, together with a 
number of less important interruptions. But although these 
breaks exist, we find pervading the works of many geologists a 
belief, resulting from the evidence presented to their minds, 
sometimes avowed, sometimes unconsciously implied, that the 
succession of species bears some definite relation to the succession 
of strata. Thus Professor Ramsay says that ‘ in cases of super- 
“* position of fossiliferous strata, in proportion as the species are 
“ more or less continuous—that is to say, as the break in the 
“* succession of life is partial or complete—so was the time that 
“* elapsed between the close of the lower and the commencement 
“ of the upper strata a shorter or a longer interval. The break 
“in life may be indicated not only by a difference in species, 
“ but yet more importantly by the absence of older and appear- 
“* ance of newer allied or unallied genera.” 

Indications of the connexion between cosmical studies and 
geological researches are dawning on us; there is, for instance, 
some reason to believe that we can trace many geological pheno- 
mena to our varying rotation round the sun; thus more than 
thirty years ago Sir J. Herschel proposed an explanation of the 
changes of climate on the earth’s surface as evidenced by geo- 
logical phenomena, founded on the changes of excentricity in the 
earth’s orbit. 

He said he had entered on the subject “ impressed with the 
“ magnificence of that view of geological soretans which re- 
“ gards them rather as regular and necessary efforts of great 
‘* and general causes, than as resulting from a series of convul- 
‘* sions and catastrophes regulated by no laws and reducible to 
“ no fixed principles.” 

As the mean al of the earth from the sun is nearly in- 
variable, it would seem at first sight that the mean annual 
supply of light and heat received by the earth would also be 
invariable; but according to his calculations it is inversely pro- 
portional to the minor axis of the orbit: this would give less 
heat when the excentricity of the earth’s orbit is approaching 
towards or at its minimum, Mr. Croll has recently shown 
reason to believe that the climate, at all events in the circum- 
polar and temperate zones of the earth, would depend on 
whether the winter of a given region occurred when the earth 
at its period of greatest excentricity was in aphelion or peri- 
helion—if the former, the annual average of temperature would 
be lower; if the latter, it would be higher than when the excen- 
tricity of the earth’s orbit were less or approached more nearly 
toacircle. He calculates the difference in the amount of heat 
at the period of maximum excentricity of the earth’s orbit to be 
as 19 to 26, according as the winter would take place when the 
earth was in aphelion or perihelion. His reason may be briefly 
stated thus: assuming the mean annual heat to be the same, 
whatever the excentricity of orbit, yet if the extremes of heat 
and cold in winter and summer be greater, a colder climate 
will prevail, for there will be more snow and ice accumulated in 
the cold winter than the hot summer can melt, a result pro- 
duced by the vapour (aided by the shelter from the sun’s rays) 
suspended in consequence of the aqueous evaporation ; hence 
we should get glacial periods, when the orbit of the earth is at 
its greatest excentricity, at those parts of the earth's surface 
where it is'winter when the earth is in aphelion; carboniferous 
or hot periods where it is winter in perihelion; and normal or 
temperate periods when the excentricity of orbit isat a muini- 
mum; all these would gradually slide into each other, and 
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would produce at long distant periods alternations of cold and 
heat, sevéral of which we actually observe in 


records, 

If this theory be borne out, we should approximate to a test 
of the time which has elapsed between different geological epochs. 
Mr. Croil’s computation of this would make it certainly not less 
than 100,000 years since the last glacial epoch, a time not very 
long in geological anges Lg | it 8 Much more. 

When we compare with the old theories of the earth, by 
which the apparent changés on its surface were accounted for 
by convulsions and cataclysms, the modern view inaugurated b 
Lyell, your former president, and now, if not wholly, at all 
events to a great extent adopted, it seems strange that the re- 
ferring past changes to similar eauses to those which are now 
in operation should have remained uninvestigated until the pre- 
sent century; but with this, as with other branehes of know- 
ledge, the most simple is frequently the latest view which occurs 
tothe mind, It is much niore easy to invent a Deus ex ma- 
chiné than to trace out the influence of slow continuous 
change ; the love of the marvellous is so much more attractive 
than the patient investigation of truth, that we find it to have 
prevailed almost universally in the early stages of science. 

In astronomy we had crystal spheres; cyeles, and epicycles ; 
in chemistry the philosopher’s stone, the elixir vite, the archeus 
or stomach demon, and phiogiston ; in electricity the notion that 
amber possessed a soul, and that a mysterious fluid could knock 
down a steeple. In geology a deluge or a volcano was supplied. 
In paleontology a new race was created whenever theory te- 
quired it: how such new races began, the theorist did not stop 
to inquire. 

A curious speculator might say to a paleontologist ef even 
recent date, in the words of Lucretius: 


“ Nam neque de celo cecidisse animalia possunt 
Nec terrestria de salsis exisse lacunis 
* ad * 7 . 
E nihilo si ¢rescere possent, 
(Tum fierent juvenes subito ex infantibus parvis, 
E terraque exorta repente arbusta salirent ; 
Quorum nihil fieri manifestum est, omnia quando 
Paulatim crescunt, ut par est, semine certo, 
Crescentesque genus servant ” 


—which may be thus freely paraphrased: “ You have abandoned 
the belief in one ptimval creation at one point of time, you 
cannot assert that an elephant existed when the first saurians 
roamed over earth and water. Without, then, in any way limit- 
ing Almighty power, if an elephant were created without proge- 
nitors, the first elephant must, in some way or other, have 
physically arrived on this earth. Whence did he come ? did 

e fall from the sky (#4. e. from the interplanetary space)? did 
he rise moulded out of a mass of amorphous earth or rock? did 
he appear out of the cleft of a tree ? If he had no antecedent 

rogenitors, some such beginning must be assigned to him.” I 

now of no scientific writer who has, since the discoveries of 
geology have become familiar, ventured to present in intelligible 
terms any definite notion of how such an event could have oc- 
curred: those who do not adopt some view of continuity are 
content, to say, God willed it ; but would it not be more reverent 
and more philosophical to miquite by observation and experi- 
ment, and to reason from induction and atalogy, as to the pro- 
babilities of such freqnent miraculous interventions ? 

I Know I am touching on delicate ground, and that a long 
time may élapse before that calm inquiry after truth which it 
is the Chject of associations like this to promote can be fully 
attained; but I friist that the members of this body are suffi- 
ciently free from prejudice, whatever their opinions may be, to 
admit an inquiry into the general question’ whethef what we 
term species are and have beeri rigidly limited, and have at 
numerous periods lieeri créated complete and unchangeable, or 
whether, itt some mode or other, they hate not gradually and 
indefinitely Varied, and whether the charges due to the influ- 
ence of surrounding circumstances; to efforts to accommodate 
themselves to surrounding changes, to what is called natural 
selection, or to the necessity of yielding to superior force in the 
struggle for éxisteiicé, as maintained by our illustrious country- 
man, Darwin, have not so modified organisms as to enable them 
to exist under ehanged conditions. 1 am not going to put for= 
ward any theory of my own, I am not going to argue in support 
of any special theery, but having endeavoured to show how, as 
science advanees, the continuity of natural phenomena becomes 
more apparent, it would be cowardice not to present some of the 
main arguments for and against continuity a8 applied to the 
history of organic beings. 

As we detect no such phenomenon as thé création or spoti- 
taneous generation of vegetables and animals which are large 
enough for the eye to see without instrumental assistance, as we 
have long ceaséd to expéct to find a Plesiosaurus spontaneously 
generated in our fish-pond, or a Pterodactyle in our pheasant- 
cover, the field of this class of research has become identified 
with the field of the microscope, and at each new phase the inves- 
tigation has passed from a larger to a smaller class of organisms. 
The question whether among the smallest and apparently the 
most eleméntary forms of organic life the phenomenon of spon- 
taneous gerieration obtains has recently tormed the subject of 
careful experiment and animated discussion in France. If it 
could be found that organisms of a complex character weré 
generated without progenitors out of amorphous matter, it might 
reasonably be argued that a similar mode of creation might ob- 
tain in regard to larger organisms. Although we see no such 
phenomenon as the formation of an animal such as an elephant, 
or atree such as all oak, excepting from a parent which re- 
sembles it, yet if the microscope revealed te us organisins, 
smaller but equally complex, so furmed without having been re- 

roduced, it would render it not improbable that such might 

ave been the case with larger organic beings. The controversy 
between M, Pasteur and M. Pouchet lias led to a very close in- 
vestigation of this subject, and the general opinion is that 
when such precautions are taken as exclude from tlie 
substance stbmitted to experiment all possibility of germs 
from the atmosphere being introduced, as by passing the 


air which is to support the life of the animalcule through 
tubes jheated to redness and other precautions, no forma- 








tion of organisms take place. Some experiment of Mr. 
Child’s, communicated to the Royal Society during the last year, 
again throw doubt on the negative results obtained by M. 
Pasteur; so that the quéstion may be not finally determined, 
but the balance of experiment and opinion is against spontane- 
ous genetation, 

One ment presénted by M. Pasteur~is well worthy of 
remark, viz., that in proportion as our means of scrutiny become 
more searching, heterogeny, or the development of organisins 
without generation from parents of similar organism, has been 
gradually driven from higher to lower forms of life, so that if 
some apparent exceptions still exist they are of the lowest and 
simplest forms, and these exceptions may probably be removed, 
as M. Pasteur considers he bas removed them, by amore scarch- 
ing investigation, 

f it be otherwise, if heterogeny obtains at all, all will now 
admit that at present the result of the most eareful experiments 
shows it to be confined to the most simple organie structures, 
such as vibrions and bacteria, and that all the progressive and 
more highly developed forms are, as far as the most enlarged 
experience shows, generated by reproduction. 

‘he great difficulty which is met with at the threshold of 
inquiry into the origin of species is the definition of species; in 
fact species can hardly be defined without begging the question 
in dispute. 

Thus, if species be said to be a perseverance of type ineapable 
of blending itself with other types, or, which comes nearly to the 
same thing, ineapable of producing by union with other types 
offspring of an intermediate character which can again reproduce, 
we artive at this result, that whenever the advocate of 
continuity shows a blending of what had been hitherto deemed 
separate species, the answer is, they were considered separate 
species by mistake, they do not now come under the definition 
of species, because they interbreed. 

The line of demarcation is thus ex hypothesi removed a ste 
further, and thus, unless the advocate of continuity can, on his 
side, prove the whole question in dispute; by showing that all 
ean directly or by intermiediate {varieties reproduce, lie is 
defeated by the definition itself of speeiés. 

On the other hand, if this, or something in fact amounting to 
it, be not the definition of species—if it be admitted that distinct 
species can, under certain favourable conditions, produce inter- 
mediate offspring capable of reproduction, then continuity in 
some mode or other is admitted. 

The question then takes this form. Are there species or are 
there not? Is the word to be used as signifying a real, natural 
distinction, or as @ meré convenient designation applied to sub- 
divisions having a petmanence which will probably outlive man’s 
diseussions on the subject, but not an absolute fixity? The 
same question, in a wider sense, and taking into consideration a 
much longer time; would be applicable to meen and families. 

Actual experiment has done little to elucidate the question, 
nor, unless we can suppose the experiments continued through 
countless generations, is it likely to contribute much to its solu: 
tion. We must therefore have recourse to the enlarged expe- 
rience or induction from the facts of geology, paleontology, and 
physiology, aided by analogy from the laws ef action which 
nature evidences in other departments. 

The doctrine of gradual succession is hardly yet formularized, 
and though there are some high authorities for certain modifica- 
tions of such view, the preponderance of authority would neces- 
sarily be on the other side, Geology and paleontology are re- 
cent sciences, and we cannot tell what the older authors would 
have thought or written had the more recently discovered faets 
been presented to their view. Authority; therefore, does not 
much help us on this question. 

Geological discoveties seemed, in the early period of the 
science, to show complete extinction of certain species and the 
appearance of new ones, great gaps existing between the 
Gharacteriaties of the extinct and the new species. As science 
advanced, these were more or less filled up, the apparent diffi- 
culty of admitting unlimited modification of speeies would seem 
to have arisen from the compatison of the extteme ends of 
the scale where the intermediate links or some of them were 
wanting; 

To suppose a zoophite the progenitor of a mammal, or to 
suppose at-some particular period of time a highly developed 
animal ‘to havé-eome out of nothing, or suddenly grown out of 
inorganic matter, would appear ;at first sight equally extrava- 
gant hypotheses. As an effort of Almighty ereative power, 
neither of these alternatives presents more diffienlty than the 
other; but as we have no means of ascertaining how creative 
power worked, but by an examination and study of the works 
themselves, we are not likely to get either side proved to ocular 
demonstration. A single phase in the progress of transmuta- 
tion would probably require a term far transcending all that 
embraced by historieal records; and on the other hand, it might 
be said, sudden creations, though taking place frequently, if 
viewed with reference to the immensity of time involved in 
geological periods, may be so rare+with reference to our ex- 
perience, and so difficult of clear authentication, that the non- 
observation ef such instances cannot be regarded as absolute 
disproof of their possible occurrence, 


(To be continued ) 





The following is the address of Thomas Hawksley, C.E., on 
taking the chair as president of Section G, Mechanical Science: 

After the eloquent and admirable address which has so 
recently fallen from the lips of our learned president, and in 
which, with the object and purpose of illustrating the operation 
of the law of continuity, he has presented you with portraits 
from youth to manhood of every science, I feel the task all the 
more difficult of attracting your attention from vast generalisa- 


tions of the ppm the seductive speculation of the future, to | 


a department of nowledge which, however extensive and impor- 
tant, deals only with. the exact and demonstrable, and which 
claims your attention and regard mainly, though not exclusively, 
because of its applicability and application to and in the attain- 
ment of the most numerous wants and requirements of civilised 


man. 
The subject matter of the department of the British Associa- 





tion over which I have on this oecasion been called to presidé 
is that of mechanics, and although, — ing, this 
department embraces within its confines the whole of the vast 
range of mechanical P amass x 4 extending from the infinitely 
great of the universe down to the infinitely small of the ultimate 
atom, yet as I apprehend it is our more immediate purpose to 
limit our inquiries for the most part, if not altogether; to those 
branches of statics and dynamics which ate or may be entployéd 
for the realisation of so-called “ practical ends.” 

It is not my intention to go over old ground, and by so doing 
oecupy your time, wearily and unnecessarily, by recounting the 
many developments which mechanical science has received during 
the past year. These you know from —_ ewn observation; or 
from the perusal of the many published deseriptions and invésti- 
gations whieh it is the glory Ai the present age that mechanical 
skill has been tle means of placing within the reach df every in- 
quirer. My time and your time will; in truth, be bettet 
employed if I offer for consideration a few thoughts with regard 
to the unhappy necessity which the events of the last years have 
only too sadly established for devoting much of the science atid 
skill of the members of the ion to the def of the 
homes of the people of this great nation. 

Whatever may have been the advancement which eivilised 
people have made in the arts of peace, it is only too evident that 
those — have even outstripped themselves in advancing the 
arts of destruction. 

We have seen in the great internal contention of our American 
brethren, and still later in the struggle in which several of the 
most important States of Europe have engaged, that war is no 
longer carried on by means of mere cnimel oma and brutal 
force. On the contrary, we pereeive, much to our amazement, 
I believe, that the highest branches of mechaniéal seience, and 
the most refined processes and operations of thé mechanical arts 
are resorted to by the modern warriot for the purposes of offence 
and defence, and we are taught by the logic of that thé 
modern soldier must cease to remain @ passive machine, but, on 
the contrary, must henceforth be trained a & skilled labourer, if 
indeed, not even as a skilled artizan. 

At the present moment the interest and external defences of 
this country are in a most unsatisfaetory condition: Many efi- 
deavours have been made, and much ffioney; me | by 
millions, has been expended, I will not say wastefully or un- 
worthily, but certainly for the most patt uselessly, in en- 
deavours to secure our coasts against the attacks of 4 
foreign enemy. Forts have been erected where an adversary 
would never seek to land. Ships of an enormous size and 
carrying enormous armaments, have been construeted which 
can neither sail on shallow waters nor safely encounter a 
hurricane in deeper ones, which, with vast mechanical power 
on board, can yet not cafry a sufficient quantity of coal to 
enable them to find their way té then and act a8 protectors 
of our colonies, and which for thé same reason are wholly un- 
able to ee our merchant-men to those distant climes 
without a safe communication without which the trade and 
commerce of England must be annihilated; Arsenals have 
been enlarged, if not constructed, in situations im whieh they 
can only be secured from an enemy’s fire by fortifications 
which it will require an additional army to man. Guns, each 
one larger or more elaborate than the last; have been invented, 
and constructed, and tried, and floating castles, each one heavier, 
and uglier, and more unmanageable, and more useless (exeept 
for special applications) than the former ene, have been built and 
cast upon the waters to resist them, and yet, it is lamentable to 
have occasion to say it; nearly all the many naval and mili- 
tary officers with whom I have come in contact freely ac- 
knowledge that this great country is not in a position to 
defend either herself or her colonies against a combined attack 
from mote than one of those foreign friends w6 have heretofore 
recognised under a different appellation. 

_ Lam aware there are amongst the members of the Associa- 
tion, and I believe they are now present, gentlemen eminent in 
mechanical science, and equally well known for their mechani- 
cal skill, who can, if they will, enlighten us on the present state 
of our defensive ability, and who, from their intimate acquain- 
tance with the subject, will be enabled to inform us with respect 
to the mechanical appliances best adapted for the improvement of 
our defences, 

It is a function of this department of our Association to study 
and devise the forms of ships suitable for the pu: 8 of eom- 
merce and war, to ascertam the conditions under which they 
will attain the highest velocities or carry the heaviest burdens, 
to know and define the laws of resistance to motion in water, @ 
subject to which I have devoted a not altogether useless atten- 
tion, and to apply the motive force necessary to overeome that 
resistance in the most economical, most convenient, and most 
serviceable manuer, and it is also a function of this department 
to deal with the theory and practice of projectiles, and to con- 
trive the means by which these warlike instruments, both large 
and small, may be most advantageously empleyed by our mili- 
~~ and naval forces. 

have reasons to believe that discussions most interesting 
and useful will arise in this section on these and other cog- 
nate matters; and I therefore invite all those gentlemen who 
may be charged with information on such topics to favour 
us with their presence and views, which I regard as being 
at this jucnture of peculiar national importance. 

But whilst, as good Englishmen, we feel the necessity of 
being prepared for war in order to secure a lasting and, re- 
spected peace, we must not neglect the consideration of so 
much more of our science as contributes to the material wealth 
and prosperity of our country, aud to the social comfort aud 
intellectual improvement of its inhabitants, and, I may add, of 
the whole world, 

Numerous members and associates of this association are 
pang with communications of great interest, which will, I 

ave no doubt, lead to very important discussions. These are, 
as far as is yet possible, announced in the programme already 
in your possession, but I am told the tale is not exhausted, and 
that other equally important papers will be submitted for your 
consideration. 

On my own behalf I may state that I was not aware that it 
would become my duty to address you in this formal manner, 
nor that it would be expected that I should become a contributor 
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from the stores of unexplored wealth from the department of 
scientific application to which I have devoted myself; whilst, 
therefore, mest you to forgive the crudities of this hasty 
notice, suialy don to a matter in which all may not take, 
with me, an equal interest, 1 will endeavour to improve my 
standing in your estimation by placing at P og dis the 
results of some further “ Investigations into the True Principles 
of H ic Science.” 

lore sitting down, permit me, however, to request 
your attention to the many points of interest peculiar to 
this town and its neighbourhood. You will find here, in 
the lace machine, combinations and arrangements of 
mechanism of the most complicated yet of the most exact 
kind, all tending to the cheap and rapid fabrication of an 
article of commerce which has made its way over the entire 
world, and without the jon of which no home, and 
I had almost said no lady’s dress, can be considered com- 
plete. The present state and extent of this really wonderful 
manufacture is an instance, and even a remarkable one, of the 
effect of that law of continuity which last evening formed the 
staple of our President’s Address. It has only been by little 
and little, but by slow and continuous progression, that the lace 
mechanism of Nottingham has become developed into that con- 
dition of almost perfection to which it has now attained. 

The excursionists will find in the geology of this district 
much to invite their attention. Within a very few miles 
many of the most interesting formations of the earth’s 
crust come to the surface, from the syenite at the base of 
the system to the more recent deposits of Lias and Oolite, 
Coal and Moustone are very abundant, and although it is 
to be regretted that the town of Nottingham has not yet 
availed itself of the vast amount of uloual wealth within its 
reach, yet in the large undertakings at Butterey, Riddings, 
and other places, as well as the great extent to which the 
Midiand coal-field is being wrought for the supply of dis- 
tant countries, you will see evidences of the growth of a 
local industry, which, as I believe, is yet in its infancy. 





The papers read on Thursday, in Section G, were the report 
of the committee “On the Resistance of Water to floating and 
immersed bodies ;” Professor Rankine’s Remarks on the Experi- 
ments of the foregoing Committee; W. E. Carrett on an 
Hydraulic Coal-cutting Machine; Frederick Ingle on Recent 
Improvements in the Application of Concrete to Fireproof Con- 
struction. A paper by Mr. Mushet was on the list, but its 
reading was put off till to-day. We give it, as written for 
reading, to save delay in publication. Mr. Carrett’s paper 
requires diagrams, which we have not had time to prepare. 


Treatment of Melted Cast Iron, and its Conversion into 
Tron and Steel by the Pneumatic Process, 
By Rosert Musuer. 

In the year 1815 my father, the late Mr. David Mushet, took 
out a patent for the manufacture of refined iron direct from the 
blast furnace. For this purpose he erected a small blast furnace 
80 ft. high, blown, by means of three tuyeres, with a pressure of 
blast about 3} 1b. per square inch. These tuyeres were arranged 
so as to dip down upon the surface of the melted iron in the 
hearth of the furnace, and when the hearth was full, or nearly 
full, the tuyeres were partially below the surface level of the 
melted iron. There was no difficulty experienced in keeping 
the melted iron in a liquid state in the middle of the hearth, but 
round the sides the refined iron chilled and formed what is 
technically termed “cull,” and this rendered it very difficult, 
and sometimes impossible, to tap the furnace and run off the 
portion of the metal which retained its fluidity. When the tapping 
took place, the metal issued from the furnace intensely heated, 
and throwing off the most brilliant scintillations. e tem- 

ture of the metal, like that of ordinary refined iron, was far 
igher than that of pig iron under the regular working of a 
blast furnace. The pigs of metal obtained were perfectly solid, 
showing, when broken, a dense white steely grain. They were so 
strong as to bend before they broke, and occasionally they could 
not be broken at all, though struck , the heaviest sledges, 
wielded by the most powerful men. ‘The metal was, in fact, 
crude cast steel, and could be a o~ with a cold chisel, and, 
when d, was tible of being forged at a low heat to 
some extent. The defect in this process was that, as in refining, 
the waste of metal was excessive, owing to the surface action of 
the blast upon the melted iron for a prolonged period. The 
difficulty of keeping the hearth open and of tapping arose merely 
from the small size of the furnace and hearth, and the weakness 
of the blast. The iron was, however, decarbonised, so as to be 
in the condition of crnde cast steel, but too highly oxygenated to 
be forged into bars of commercial value. 

The experiment I have described, was, I believe, the first 
practical step taken in the development of the pneumatic pro- 
cess, though it was certainly not undertaken with any idea of 
producing either malleable iron or steel by that process, but 
simply a highly decarbonised refined metal. 

About the year 1850, 1 made experiments with some very 
highly-blown refined iron from the Park End :Jronworks, in 
the Forest of Dean, and found that when alloyed with man- 
ganese this refined metal could be forged into sound bars of 
very hard steel, too hard for any practical purpose, but never- 
theless solid and free from seams or flaws, indicating that if the 
iron could be sufficiently decarbonised while in a melted state, 
steel of a marketable quality ae bt obtained by simply add- 
ing some metallic man; e to the decarbonised metal. In the 
autumn of 1856, Mr. Henry Bessemer read a paper at a meet- 
ing of the British Association in Cheitenham, which, whilst it 
filled the scientific as well as the practical world with astonish- 
ment, did not in the least surprise me, except in the one circum- 
stance of its being possible to maintain a tuyere beneath a 
heavy column of melted iron. That, indeed, appeared to me most 
surprising, us I was well aware of the highly destructive action 
of the iron slag which is generated by the action of atmospheric 
air upon melted cast iron. However, what I considered impos- 
sible had actually been accomplished by Mr. Bessemer, and the 





first great advance towards rendering steel as cheap as iron had 
been inaugurated by that gentleman. Mr. Bessemer’s process 
consisted in forcing air through melted cast iron by means of 
tuyeres, situated beneath the surface of the melted iron. 





When melted cast iron is subjected to this process, the silicon 
contained in the iron is first combined with the oxygen of the 
blast and thrown to the surface asa light frothing slag. Next the 
carbon of the melted iron enters into combustion, and lastly, the 
iron itself is attacked and consumed with the development of 
an intense temperature sufficient to keep the iron, though freed 
from carbon, in a perfectly liquid state. When the silicon and 
the carbon have been nearly or wholly eliminated from the cast 
iron operated upon, the product obtained is either crude cast 
steel or iron, according to the degree of decarbonisation arrived 
at. Ingots cast from this metal are more or less unsound, and 
when forged they frequently crack or break off owing to their 
redshortness, and are wholly unfit for the requirements of com- 
merce. Moreover, whenever the melted cast iron operated upon 
contained sulphur and phosphorus to any notable extent, the 
decarbonised iron is found to be so crude and brittle that it 
cannot be forged at all, and is in fact less valuable than the pig 
iron from which it has been made. Hence only the purest coke 
pig iron of Great Britain, is at present suited for Mr. Bessemer’s 
os, and these are comprised in the hematite pig iron, the 

Jeardale spathose iron, the Forest of Dean pig iron, and the 
Blenavon and Pontypool Welsh brands ; the two latter, however, 
being far inferior to the other brands for the pneumatic process. 
Mr. Bessemer naturally inferred that he should be able to pro- 
duce both cast steel and iron by his process alone, and it b 
no means detracts from his merits that he happened to overloo 
the fact that iron ex in the melted state to the action of 
oxygen becomes, as it were, debased. Some persons term it 
burnt iron; but I call it “oxygenated iron,” and oxygenated 
iron can never of itself constitute a commercially valuable arti- 
cle. This oxygenation can be prevented when a metal is present 
whose affinity for oxygen is greater than the affinity of iron for 
oxygen, and it can be remedied when such a metal is subse- 
quently added to the oxygenated iron. 

When Mr. Bessemer read his paper I foresaw all the diffi- 
culties he would have to encounter from the oxygenation of the 
iron, and I knew that the remedy was simple ard attainable, 
provided a suitable metal could be found at such a cost and in 
such quantities as would render its use — on the large 
scale. Out of several metals possessed of the requisite pro- 
perties, I selected the metal manganese, as found abundantly in 
the Spiegel Kisen or spathose pig iron of Rhenish Prussia, and 
combined therein with carbon and iron, the iron forming « con- 
venient vehicle by means of which I could introduce the me- 
tallic manganese into melted decarbonising cast iron, treated by 
Mr. Bessemer’s process. , 

My first experiment was with some Bessemer metal prepared 
at the Victoria Ironworks from hematite pig iron. The experi- 
ment was made in small crucibles containing only a few ounces, 
the Bessemer metal being melted in one crucible and the 
Speigel Eisen in another; the melted contents of the crucibles 
were then mixed, and a small ingot cast. This ingot was 
a into a bar of excellent cast steel, which was doubled, 
welded, and made intoa chisel, and was found for all practical 
purposes to be cast steel of fair average quality. I then ex- 
tended the scale of my experiments, and operated with steel 
melting-pots, each containing from 40 lb. to 50 lb. of Bessemer 
metal, and melting the Spiegel Eisen in smaller crucibles. The 
most complete success resulted from these experiments, and 
Mr. S. H. Blackwell having subsequently supplied me with a 
small blowing engine capable of maintaining a blast of 10 Ib. 
pressure per square inch, I operated upon quantities of 
melted cast iron of 500 lb. to 800 Ib., and with similar success ; 
the Bessemer metal being wholly freed from unsoundness, red- 
shortness, and other defects, which had precluded its being 
forged or rolled into a marketable product. The British pig 
irons that I found best suited for the joint process of Mr. 
Bessemer and myself were Lancashire and Cumberland hema- 
tites, the Weardale spathose iron, and the Forest of Dean pig 
iron; of foreign brands, the Indian charcoal pig and some 
manganese pig iron from Sweden gave the best results, though 
not so satisfactory as those obtained when hematite coke pig 
iron was employed. Meanwhile I had secured my invention by 
means of letters patent, dated Sept. 22nd, 1856; this patent 
lapsed in 1859 through non-payment of the stamp duty of 50/., 
owing to some unaccountable oversight by the trustees to whom 
I had been advised to entrust my patent rights. My invention 
thus became public property, pm | T ons deprived by this acci- 
dent of the remuneration for an invention which every person 
practically acquainted with the manufacture of Bessemer metal 
will admit to be of immense value. 

I speak, no doubt, as an interested party, and my opinion is 
therefore open to criticism, but I venture to submit that an 
invention such as that described in my last patent places all who 
have benefited by its use under a moral obligation to recognise 
my Claims to remuneration, for although by the accident of the 
non-payment of the stamp duty my invention became public 
property, I still think that that accident ought not to debar me 
from receiving the reward to which I am morally entitled and 
could have commanded to so large an extent but for the over- 
sight of those on whom I relied. 

Much remains to be done to extend the use of the pneumatic 
or Bessemer process to the ordinary brand of pig iron at present 
considered to be unfit for this purpose. I am, T believe, in pos- 
session of the requisite knowledge to accomplish all this, and I 
am only waiting an opportunity to do so whenever the Titanic 
Steel Company, with which I am associated, shall consider that 
the proper time has arrived for them to erect a suitable Bes- 
semer apparatus at their works. The means are, I believe, as 
simple and efficacious as is the addition of Spiegel Eisen, now 
universally employed by all Mr. Bessemer’s licensees in England, 
and the resulting advantages will be proportionately great. In 
Sweden the Bessemer process has been carried out by operating 
upon certain brands of Swedish pig iron containing a consider- 
able alloy of metallic manganese. The result is that with 
subsequent addition of a little of the same manganese pig iron 
in lieu of Spiege] Eisen a workable steel is produced of moderate 
quality, but too seamy and unsound to be of much value for 
tools, and not nearly so tough and strong as the Bessemer 
steel made in this country from our own coke pig irons. 

I have recently experimented carefully upon Swedish steel 
and find it quite unsuited for the market, and most irregular 
in quality; it can never enter into competition with our English 








Bessemer steel. In treating melted cast iron by the pneumatic 
or Bessemer process, the simplest plan is to deprive the iron of 
the whole of its silicon and carbon. In this case, the addition 
of a given weight of Spiegel Eisen, or of any similar metallic 
compound of iron and manganese, containing carbon to a given 
weight of decarbonised cast iron, will insure results of tolerable 
uniformity as to the hardness or temper of the steel produced. 

The effect of adding Spiegel Eisen to Bessemer metal is as 
follows: The metallic ——- by its superior affinity for 
oxygen, deoxygenates the decarbonised aon. y and renders it 
sound and free from redshortness. The carbon of the Spi 
Eisen steelifies the mixture, and improves it when stiff or hard 
metal is required. The iron of the Spiegel Eisen adds to the 
weight of the charge, and may therefore be considered as a gain 
to nearly the amount of its weight. 

The silicon which is found in Spiegel Eisen has the effect of 
reducing the hasting or agitation of the pneumatised metal when 
poured into moulds, and is therefore beneficial, and it is not 
present to any injurious extent in Spiegel Eisen. The hardness 
or temper of the Bessemer steel may be increased at pleasure by 
increasing the dose of Spiegel Eisen. When Spiegel Eisen is 
added to Bessemer metal containing sulphur, and the pneu- 
matic blast is turned on so as to eliminate the carbon and man- 
ganese of the Spiegel Eisen, a portion of the sulphur of the 
pneumatised iron is carried off by the manganese, and thus, by 
repeated additions of Spiegel Eisen and subsequent elimination 
of its manganese, pneumatised cast iron may be wholly de- 
sulphurised. 

na similar manner, Bessemér steel containing phosphorus 
may be dephosphorised by employing titanic pig iron m repeated 
doses to eliminate the phosphorus; and when both sulphur and 
phosphorus are present, both may be eliminated by repeated 
additions of Spiegel Eisen and Titanic pig iron, the pneumatic 
blast being turned on after each such addition made to the pneu- 
matised cast iron. The pneumatic process of Mr. Bessemer, in 
conjunction with my Spiegel Eisen process, is producing a revo- 
lution in the engineering world; used in all the departments of 
art dependent upon engineering to an extent almost incredible, 
and the magnitude of its ultimate effects it is impossible fully to 
foresee or calculate upon. 

Mr. Bessemer’s name will be remembered in conjunction with 
this, the greatest metallurgical invention the world has ever seen, 
and I venture to hope that I may not be wholly forgotten as 
having supplied the link which was wanting to render Mr. Bes- 
semer’s process what it now is. As I had had much experience 
in matters relating to the steel manufacture, it was not surpris- 
ing that I should at once have been able to devise the remedy 
for the single defect which marred the success of the pneumatic 
process at the outset. I have desired to enter more fully into 
detail and experiment upon this interesting subject, but my fail- 
ing health must plead my excuse for having come short of 
what I wished to say to the meeting, to which, however, I trust 
my remarks may not have proved wholly devoid of interest. 








Tue BetrerornHon.—On Friday last a series of 
trials of the fine iron-clad Bellerophon took place at 
Stokes Bay, when results were obtained which demon- 
strated in the most striking manner the soundness of 
the principle upon which the vessel had been designed. 
On the occasion in question the ship’s draught was 
21 ft. 7 in. forward and 26 ft. 6 in. aft, her displace- 
ment being about 7230 tons, and she was fitted with a 
Griffiths’s screw, 23 ft. 6 in. in diameter, with a pitch of 
20 ft. The wind was very strong at the time of the 
trials, but, notwithstanding this, the mean speed ob- 
tained during six runs over the measured mile, made 
with full boiler power, was 14.201 knots, the engines 
averaging 75 revolutions per minute with a pressure of 
steam of from 27 to 28 lb. anda vacuum of 25in. The 
indicated horse power developed by the engines was 6400 
horses, or nearly 6} times the nominal power, and the 
whole of the machinery which, as is well known, was 
constructed by Messrs. Penn, worked in the most free 
and perfect manner throughout. After the handiness 
of the vessel had been tested, and proved by turning 
circles, four runs were made with Ahalf-boiler power, 
the result being that a mean speed was obtained of 
12.164 knots, the engines averaging 63 revolutions, 
whilst the pressure of steam varied from 22 to 26 Ib., and 
the vacuum from 25} to 26in. The turning power of 
the vessel was then tested under half-boiler power, and 
the trials concluled with some experiments on the 
working of the engines to signal from the bridge tele- 
graph. In these latter trials the engines were stopped 
from full speed ahead in 30 sec., started astern in6 sec., 
and changed from full speed astern to full speed ahead 
in 19sec. As is well known, the Bellerophon was 
built according to the design of Mr: E. J. Reed, who 
had asserted that the great length of vessels of the 
Warrior class was not essential to speed in an iron-clad 
frigate ; but that the necessary speed could be obtained 
in combination with moderate size and cost, and 
with the additional advantage of increased handiness. 
The trials of which we have above given some parti- 
culars completely prove the soundness of these asser- 
tions, the Belicrophon, avessel 300ft.in length, attaining 
a speed which was only 0.155 of a knot less than that of 
the famous Warrior, a vessel 380 ft. long, whilst it ex- 
ceeded that of the Black Prince, a yessel of the same 
dimensions as the Warrior, by more than half a knot. 
‘We congratulate Mr. Reed upon his suecess, which is 
-@ most gratifying one. 
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Tne more the gaps between species are filled up by the dis- 
covery of intermediate varieties, the stronger becomes the argu- 
ment for transmutation and the weaker that for successive 
creations, because the former view becomes more and more con- 
sistent with experience, the latter more discordant from it. As 
undoubted cases of variation, more or less permanent, from given 
characteristics, are produced by the effects of climate, food, 
domestication, &c., the more species are increased by intercala- 
tion, the more the distinetions slide down towards those which 
are within the limits of such observed deviations; while on the 
other hand, to suppose the more and more frequent recurrence 
of fresh creations out of amorphous matter is a multiplication 
of miracles or special interventions not in accordance with what 
we see of the uniform and gradual progress of nature, either in 
the organic or inorganic world. If we were entitled to conclude 
that the progress of discovery would continue in the same course, 
and that species would become indefinitely multiplied, the dis- 
tinctions would become infinitely minute, and all jes of demar- 
cation would cease, the polygon would become a circle, the suc- 
cession of points a line, Certain it is that the more we observe, 
the more we increase the subdivision of species, and consequently 
the number of these supposed creations; so that new creations 
become innumerable, and yet of these we have no one well- 
authenticated instance, and in no other observed operation of 
nature have we seen this want of continuity, these frequent per 
saltum deviations from uniformity, each of which isa miracle. 

The difficulty of producing intermediate offspring from what 
are termed distinct species, and the infecundity in many 
instances of hybrids, are used as strong arguments against 
continuity of succession ; on the other hand, it may be said long- 
continued variation through countless generations has given rise 
to such differences of »>ysical character, that reproduction is 
difficult in some cases and in others impossible. 

Suppose, for instance, M to represent a parent race whose off- 
spring by successive changes through eons of time have 
divaricated, and produced on the one hand a species, A, and on 
the other a species, Z, the changes here have been so great that 
we should never expect directly to reproduce an intermediate be- 
tween A and Z. A and B on the one hand, and Y and Zon the 
other, might reproduce; but to regain the original type, M, we 
must not only retrocede through all the intermediates, but must 
have similar circumstances recalled in an inverse order at each 

hase of retrogression, conditions which it is obviously impossible 
to fulfil. But though among the higher forms of organic 
structure we cannot retrace the effects of time and re- 
produce intermediate types, yet among some of the lower 
forms we find it difficult to assign any line of — 
demarcation; thus as one result of the very elaborate 
and careful investigations of Dr. Carpenter on Foraminifera, 

he states, ‘It has been shown that a very wide range of varia- 
“ tion exists among orbitolites, not merely as regards external 
“ form, but also as to plan of development; and not merely as 
“ to the shape and aspect of the entire organism, but also with 
“ respect to the size and configuration of its component parts. 
“ It would have been easy, by selecting only the most divergent 
“types from amongst the whole series otf specimens which I 
‘¢ have examined, to prefer an apparently substantial claim on 
‘¢ behalf of these to be accounted as so many distinct species. 
‘ But after having classified the specimens which could be 
“ arranged around these types, a large proportion would yet 
“ have remained, either presenting characters intermediate be- 
‘ tween those of two or more of them, or actually combining 

“ those characters in different parts of their fabric; thus show- 
‘< ing that no lines of demarcation can be drawn across any part 
“of the series that shall definitely separate it into any number 
** of groups, each characterised by features entirely peculiar to 
“ itself.” 

At the conclusion of his inquiry he states: 

I. The range of variation is so great among Foraminifera as 
to include, not merely the differential characters which systema- 
tists proceeding upon the ordinary methods have accounted 
spedtie, but also those upon which the greater part of the genera 
of this group have been founded, and even in some instances 
those of its orders. 

II. The ordinary notion of species as assemblages of in- 
dividuals marked out from each other by definite characters 
that have been genetically transmitted from original prototypes 
similarly distinguished is quite inapplicable to this group ; 
since even if the limits of such assemblages were extended so as 
to include what elsewhere would be accounted genera, they 
would still be found so intimately connected by gradational links, 
that definite lines could not be drawn between them. 

, _ lI. The only natural classification of the vast aggregate of 
diversified forms which this group contains will be one which 
ranges them according to their direction and degree of diver- 
gence from a small uumber of principal family types; and any 
subordinate grouping of genera and species which may be 
adopted for the convenience of description and nomenclature 
must be regarded merely as assemblages of forms characterised 
by the nature and degree of the modifications of the original type 
which they may have respectively acquired in the course of 
genetic descent from a common ancestry. ; 

IV. Even in regard to these family types it may fairly be 
questioned whether analogical evidence does not rather favour 
the idea of their derivation from a common original than that of 
their primitive distinctness, 

Mr. H. Bates, when investigating “‘ The Lepidoptera of the 
Amazon Valley,” may almost be said to have witnessed the 
origin of some species of butterflies, so close have been his 
observations on the habits of these animals that have led to their 
variation and segregation, so closely do the results follow his 
observations, and so great is the impossibility of otherwise 
accounting for any of the observed facts. ‘ ' 

In the numerous localities of the Amazon region, certain gre- 
garious species of butterfly (Heliconidea) swarm im incredible 
numbers, almost outnumbering all the other butterflies in the 
neighbourhood ; the species in the different localities being diffe- 
rent, though often to be distinguished by a very slight shade. 





In these swarms are to be found, in small numbers, other 
species of butterflies belonging to as many as ten different genera, 
and even some moths; and these intruders, though they struc- 
turally differ in toto from the swarms they mingle with, and 
from one another, mimic the Heliconidex so closely in colours, 
habits, mode of flight, &c., that it is almost impossible to dis- 
tinguish the intruders from those they mingle with. The 
obvious benefit of this mimicry is safety, the intruders hence 
escaping detection by predatory animals. 

Mr. Bates has extended his observations to the habits of life, 
food, variations, and geographical range of the species concerned 
in these mimetic phenomena, and finds in every case corrobora- 
tive evidence of every variety and species being derivative, the 
species being modified from place to place to suit the peculiar 
form of Heliconidea Stationed there. 

Mr. Wallace has done similar service to the derivative theory 
by his observations and writings ou the butterflies and birds of 
the Malay Archipelago, adducing instances of mimetic resem- 
blances strictly analogous to the above; and adding in further 
illustration a beautiful series of instances where the form of the 
wing of the same butterfly is so modified in various islets as to 
produce changes in their mode of flight that tend to the con- 
servation of the variety by aiding its escape when chased by 
birds or predacious insects. 

He has also adduced a multitude of examples of geogra- 
phical and representative species, races, and varieties, forming 
so graduated a series as to render it obvious that they have 
had a common origin. 

The effect of food in the formation and segregation of races 
and of certain groups of insects has been admirably demon- 
strated by Mr. B. D. Walsh, of North America. 

Mr. Mc Donnell has been led to the discovery of a new organ 
in electric fishes from the application of the theory of descent, 
and Dr. Fritz Miiller has published numerous ebservations 
showing that organs of very different structure may, through 
the operation of natural selection, acquire very similar and 
even identical functions. Sir John Lubbock’s diving hymeno- 
pterous insect affords a remarkable illustration of analogous phe- 
nomena; it dives by the aid of its wings, and is the only insect 
of the vast order it belongs to that is at all aquatic. : 

The discovery of the Eozoon is of the highest importance in 
reference to the derivative hypothesis, occurring as it does in 
strata that were formed at a period inconceivably antecedent to 
the presupposed introduction of life upon the globe, and displac- 
ing the argument derived from the supposition that at the dawn 
of life a multitude of beings of high organisation were simul- 
taneously developed (in the Silurian and Cambrian strata). 

Professor A. DeCandolle, one of the most distinguished con- 
tinental botanists, has, to some extert, abandoned the tenets 
held in his ‘‘ Géographie Botanique,” and favours the derivative 
hypothesis in his paper on the variation of oaks; following up a 
paper, by Dr. Hooker, on the oaks of Palestine, showing that 
some sixteen of them are derivative, he avows his belief that 
two-thirds of the 300 species of this genus, which he himself 
describes, are provisional only. 

Dr. Hooker, who had only partially accepted the derivative 
hypothesis propounded before the publication of “The Origin 
of Species through Natural Selection,” at the same time declin- 
ing the doctrine of special creation, has since then cordially 
adopted the former, and illustrated its principles by applying 
them to the solution of various botanical questions: first, in 
reference to the flora of Australia, the anomalies of which he 
appears to explain satisfactorily by the application of these prin- 
ciples; and latterly, in reference to the Arctic flora. 

In the case of the Arctic flora, he believes that originally 
Scandinavian types were spread over the high northern lati- 
tudes, that these were driven southwards during the glacial 
period, when many of them changed their forms in the strug- 
gle that ensued with the displaced temperate plants; that on 
the returning warmth, the Scandinavian plants, whether 
changed or not, were driven again northwards and up to the 
mountains of the temperate latitudes, followed, in both cases, 
by series of pre-existing plants of the temperate Alps. The 
result is the present mixed Arctic flora, consisting of a basis of 
more or less changed and unchanged Scandinavian plants, asso- 
ciated in each longitude with representatives of the mountain 
flora of the more temperate regions to the south of them. 

The publication of a previously totally unknown flora, that 
of the Alps of tropical Africa, by Dr. Hooker, has afforded a 
multitude of facts that have been applied in confirmation of the 
derivative hypothesis. ‘This flora is found to have relationship 
with those of temperate Europe and North Africa, of the Cape 
of Good Hope, and of the mountains of tropical Madagascar and 
Abyssinia, that can be accounted for on no other hypothesis, 
but that there has been ancient climatal connexion and some 
coincident or subsequent slight changes of specific character. 

The doctrine of Cuvier, every day more and more borne out 
by observation, that each organ bears a definite relation to the 
whole of the individual, seems to support the view of indefinite 
variation. If an animal secks its food or safety by climbing 
trees, its claws will become more prehensile, the muscles which 
act upon those claws must become more developed, the body will 
become agile by the very exercise which is necessary to it, and 
each portion of the frame will mould itself to the wants of the 
animal by the effect on it of the habits of the animal. 

Another series of facts which present an argument in favour 
of gradual succession are the phases of resemblance to inferior 
orders which the embryo passes through in its development, and 
the relations shown in what is termed the metamorphosis of 
plants—facts difficult to account for on the theory of frequent 
separate creations, but almost inevitable on the score of gradual 
succession. So also, the existence of rudimentary and effete organs, 
which must either be referred to a /usus nature or to some mode 
of continuous succession. 

The doctrine of typical nuclei seems only a mode of evading 
the difficulty; experience does not give us the types of theory, 
and, after all, what are thesetypes? It must be admitted there 
are none such in reality ; how are we led to the thecry of them? 
simply by a process of abstraction from classified existences. 
Having grouped from natural similitudes certain natural forms 
into a class, we select attributes common to each member of the 
class, and call the assemblage of such attributes a type of the 
class, This process gives us an abstract idea, and we then 





transfer this idea to the Creater, and make Him start with 
that which our own imperfect generalisation has derived. It 
seems tome that the doctrine of types is, in fact, a concession 
to the theory of continuity or indefinite variability ; for the ad- 
mission that large groups have common characters shows, neces- 
sarily, a blending of forms within the scope of the group, which 
supports the view of each member being derived from some other 
member of it: can it be asserted that the assigned limits of such 
groups have a definite line of demarcation ? 

The condition of the earth’s surface or, at least, of large por- 
tions of it, has for long periods remained substantially the same; 
this would involve a greater degree of fixity in the organisms 
which have existed during such periods of little change than in 
those which have come into being during periods of more rapid 
transition; for, though rejecting catastrophes as the general 
modus agendi of nature, i am far from saying that the march 
of pret changes has been _— perfectly uniform. 

There have been doubtless what may be termed secular 
seasons, and there have been local changes of varying degrees 
of extent and permanence; from such causes organised beings 
would he more concentrated in certain directions than in others, 
the fixity of character being in the ratio of the fixity of con- 
dition. This would throw natural forms into certain groups 
which would be more prominent than others, like the colours of 
the rainbow, which present certain reper ee tints though 
they merge into each other by insensible gradations. 

While the evidence seems daily becoming stronger in favour 
of a derivative hypothesis as applied to the succession of organic 
beings, we are far removed from anything like a sufficient 
number of facts to show that, at all events within the existing 
geological periods capable of being investigated, there has been 
any great progression from a simpler or more embryonic to a 
more complex type. 

Professor Huxley, though inclined to the derivative hypo- 
thesis, shows, in the concluding portion of his address to the 
Geological Society, 1862, a great number of cases in which, 
though there is doundent evidence of variation, there is none of 
progression, There are, however, several groups of Vertebrata 
in which the endoskeleton of the ‘older presents a less ossified 
condition than that of the younger genera. He cites the 
Devonian Ganoids, the Mesozoic A cece the Palwozoic 
Sharks, and the more ancient Crocodilia and Lacertilia, and 
particularly the Pycnodonts and Labyrinthodonts, as instances 
of this when compared with their more recent representatives, 

The records of lite on the globe may have been destroyed by 
the fusion of the rocks, which would otherwise have preserved 
them, or by crystallisation after hydrothermal action. The 
earlier forms may have existed at a period when this planet was 
in course of formation, or being segregated or detached from 
other worlds or systems. We have not evidence enough to 
speculate on the subject, but by time and patience we may 
acquire it. 

‘Were all the forms which have existed embalmed in rock, the 
question would be solved; but what a small proportion of ex- 
tinct forms is so preserved, and must be, if we consider the cir- 
cumstances necessary to fossilize organic remains, On the dry 
land, unwashed by rivers and seas, when an animal or plant dies, 
it undergoes chemical decomposition, which changes its form ; it 
is consumed by insects, its skeleton is oxidised and crumbles 
into dust. Of the myriads of animals and vegetables which an- 
nually perish, we find hardly an instance of a relic so preserved 
as to be likely to become a permanent fossil. So again in the 
deeper parts of the ocean or of the larger lakes, the few tish 
there are perish, and their remains sink to the bottom, and are 
there frequently consumed by other marine or lacustrine or- 
ganisms or chemically decomposed. As a general rule it is only 
when the remains are silted up by marine, fluviatile or lacus- 
trine sediments that the remains are preserved. Geology there- 
fore might be expected to keep for us such organic remains only 
as were likely to inhabit deltas or the margins of seas, lakes, or 
rivers; here and there an exception may occur, but the mass 
of preserved relics would be those of creatures so situated: and 
so we find it, the .bulk of fossil remains consists of fish and 
amphibia, shell-fish form the major part of the geological 
museum, limestone and chalk rocks frequently consisting of | 
little else than a congeries of fossil shells. Plants of reed or 
rush-like character, fish which are capable of inhabiting shallow 
waters, and saurian animals form another large portion of 
geological remains! 

Compare the shell-fish and amphibia of existing organisms 
with the other forms, and what a small proportion they supply ; 
compare the shell-fish and amphibia of palwontology with the 
other forms, and what an overwhelming majority they yield, 

There is nothing, as Professor Huxley has remarked, like an 
extinct order of Birds or Mammals, only a few isolated instances, 
It may be said the ancient world possessed a larger proportion 
of fish and amphibia, and was more suited to their existence, 
I see no reason for believing this, at least to anything like the 
extent contended for; the fauna and flora now in course of being 
preserved for future ages would give the same idea to our suc- 
cessors. 

Crowded as Europe is with cattle, birds, insects, &c., how few 
are geologically preserved! while the muddy or sandy margins 
of the ocean, the estuaries, and deltas are yearly accumulating 
numerous crustacea and mollusca, with some fishes and reptiles, 
for the study of future palzoutologists. 

If this position be right, then, notwithstanding tle immense 
number of preserved fossils, there must have lived wn inmeasur- 
ably larger number of unpreserved organic beings, -o hat the 
chance of filling up the missing links, except in ocessional in- 
stances, is very slight. Yet where circumstances have remained 
suitable for their preservation, many closely connected species 
are preserved: in other words, while the intermediate types in 
certain cases are lost, in others they exist. The opponents of 
continuity Jay all stress on the lost and none on the existing 
links. 

But there is another difficulty in the way of tracing a given 
organism to its parent form, which, from our conventional mode 
of tracing genealogies, is never looked upon in its proper light. 

Where are we to look for the remote ancestor of a given form ? 
Each of us, supposing none of our progenitors to have inter- 
married with relatives, would have had at or about the period 
of the Norman Conquest upwards of a hundred million direct 
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ancestors of that generation, and if we add the intermediate 
ancestors, double that number. As each individual bas a male 
and female parent, we have only to multiply by two for each 
thirty years, the average duration of a generation, and it will 
give the above result. ; ‘ 

Let any one assume that one of his ancestors at the time of the 
Norman conquest was a Moor, another a Celt, and a third a 
Laplander, and that these three were preserved while all the 
others were lost, he would never recognise either of them as his 
ancestor; he would only have the one-hundred millionth of the 
blood of each of them, and as far as they were concerned there 
would be no perceptible sign of identity of race. 

But the problem is more complex than that which I have 
stated; at the time of the Conquest there were hardly a hun- 
dred million people in Europe, it follows that a great number of 
the ancestors of the propositus must have intermarried with 
relations, and theu,the pedigree, going back to the time of the 
Conquest, instead df being represented by diverging lines, would 
form a network so tangled that no skill could unravel it; the 
law of probabilities would indicate that any two people in the same 
country, taken at hazard, would not have many generations to 
f° back before they would find a common ancestor, who pro- 

ably, could they have seen him or her in the life, had no trace- 
able resemblance to either of them. Thus two animals ofa very 
different form, and of what would be termed very different 
— might have a common geological ancestor, and yet the 
skill of no comparative anatomist could trace the descent. 

From the long-continued conventional habit of tracing pedi- 
grees through the male ancestor, we forget, in talking of pro- 
genitors, that each individual has a mother as well as a father, 
and there is no reason to suppose that he has in him less of the 
blood of the one than of the other. 

The recent discoveries in paleontology show us that man 
existed on this planet at an epoch far anterior to that commonly 
assigned to him. ‘The instruments connected with human 
remains, and indisputably the work of human hands, show that 
to these remote periods the term civilisation could hardly be 
——— flints of the rudest construction, probably, in 
the earlier cases, fabricated by holding an amorphous flint in the 
hand and chipping off portions of it by striking it against a larger 
stone or rock ; then, as time suggested improvements, it would 
be more carefully shaped, and another stone used as a tool; then 
(at what interval we can hardly guess) it would be ground, 
then roughly polished, and so on—subsequently bronze weapons, 
and, neurly the last before we come to historical periods, iron. 
Such an apparently simple inventién as a wheel must, in all 
probability, have been far subsequent to the rude hunting-tools 
or weapons of war to which I have alluded. 

A little step-by-step reasoning will convince the unprejudiced 
that what we call civilisation must have been a gradual process ; 
can it be supposed that fthe inhabitants of Central America or 
of Egypt suddenly and what is called instinctively built their 
cities, carved and ornamented their monuments? if not, if they 
must have learned to construct such erections, did it not take 
time to acquire such learning, to invent tools as occasion 
required, contrivances to raise weights, rules or laws by which 
men acted in concert to effect the, design? Did not all this 
require time? and if, as the evidence of historical times shows, 
invention marches with a geometrical progression, how slow 
must have been the earlier steps! If even now habit, and pre- 
judice resulting therefrom, vested interests, &c., retard for some 
time the general application of a new invention, what must 
have been the degree of retardation among the comparatively 
uneducated beings which then existed ? 

I have of course been able to indicate only’a few of the 
broad arguments on this most interesting subject ; for detailed 
results the works of Darwin, Hooker, Huxley, Carpenter, Lyell, 
and others must be examined. If I appear to lean to the view 
that the successive changes in organic beings do not take place by 
sudden leaps, it is, I believe, from no want of an impartial feeling ; 
but if the tacts are stronger in favour of one theory than another, 
it would be an affectation of impartiality to make the balance 
appear equipoised, 

The prejudices of education and associations with the past are 
against this as against all new views ; and while on the one hand 
a theory is not to be accepted because it is new and primd facie 
plausible, still to this assembly I need not say that its running 
counter to existing opinions is not necessarily a reason for its 
rejection; the onus probandi should rest on those who advance 
& new view, but the degree of proof must differ with the nature 
of the subject. The fair question is, Does the newly proposed 
view remove more difficulties, require fewer assumptions, and 
present more consistency with observed facts than that which it 
seeks to supersede? If so, the philosopher will adopt it, and 
the world will follow the philosopher—after many days. 

It must be borne in mind that even if we are satistied from a 
persevering and impartial inquiry that organic forms have varied 
indefinitely in time, the causa causans of these changes is not 
explained by our researches; if it be admitted that we find no 
evidence of amorphous matter suddenly changed into complex 
structure, still why matter should be endowed with the plasticity 
by which it slowly acquires modified structure is unexplained. 
It we assume that natural selection, or the struggle for existence, 
coupled with the tendency of like to reproduce like, gives rise to 
various organic changes, still our researches are at present unin- 
structive as to w hy hke should produce like, why acquired cha- 
racteristics in the parent should be reproduced in the offspring. 
Reproduction itselt is still an enigma, and this great question 
may involve deeper thoughts than it would be suitable to enter 
upon now. 

Perhaps the most convincing argument in favour of continuity 
which could be presented to a doubting mind would be the 
difficulty it would feel in representing to ‘tself any per saltum 
act of nature. Who would not be astonished at beholding an 
oak tree spring up ina day, and not from seed or shoot? We 
are forced by experience, though often unconsciously, to 
believe in continuity as to all effects now taking place; if any 
one of them be anomalous we endeavour, by tracing its history 
and concomitant circumstances, to find its cause, ¢. ¢. to relate 
it to antecedant phenomena; are we then to reject similar 
inquiries as to the past? is it laudable to seek an explanation of 
present changes by observation, experiment, and analogy, and 
yet reprehensible to apply the same mode of investigation to the 





past history of the earth and of, the organic remains embalmed 
in it? 

If we disbelieve in sudden creations of matter or force, in the 
sudden formations of complex organisms now, if we now assign 
to the heat of the sun an action enabling vegetables to live by 
assimilating gases and amorphous earths into growing structures, 
why should such effects not have taken place in earlier periods 
of the world’s history, when the sun shone as now, and when 
the same materials existed for his rays to fall upon? 

If we are satisfied that continuity is a law of nature, the 
true expression of the action of Almighty Power, then, though 
we may humbly confess our inability to explain why matter 
is impressed with this gradual tendency to structural forma- 
tion, we should cease to look for special interventions of 
creative power in changes’ which are difficwlt to understand, 
because, being removed from us in time, their concomitants 
are lost; we should endeavour from the relics to evoke their 
history, and when we find a gap not try to bridge it over 
with a miracle. 

If it be true that continuity pervades all physical pheno- 
mena, the doctrine applied by Cuvier to the relations of the dif- 
ferent parts of an animal to each other might be capable of great 
extension. All the phenomena of inorganic and organised matter 
might be expected to be so inter-related that the study of an 
isolated phenomenon would lead to a knowledge of numerous 
other phenomena with which it is connected. As the antiquary 
deduces from a monolith the tools, the arts, the habits, and epoch 
of those by whom it is wrought, so the student of science may 
deduce from a spark of electricity or a ray of light the source 
whence it is generated; and by similar processes of reason other 
phenomena hitherto unknown may be deduced from their pro- 
bable relation with the known, But, as with heat, light, mag- 
netism, and electricity, though we may study the phenomena to 
which these names have been given, and their mutual relations, 
we know nothing of what they are; so, whether we adopt the 
view of natural selection, of effort, of plasticity, &c., we know 
not why organisms should have this nzsus formativus, or why 
the acquired habit or exceptional quality of the individual should 
reappear in the offspring. 

Philosophy ought to have no likes or dislikes, truth is her 
only aim; but if a glow of admiration be permitted to a physical 
inquirer, to my mind a far more exquite sense of the beauti- 
ful is conveyed hy the orderly development, by the necessary 
inter-relation and inter-action of each element of the cosmos, 
and by the conviction that a bullet falling to the ground 
changes the dynamical conditions of the universe, than can be 
conveyed by mysteries, by convulsions, or by cataclysms. 

The sense of understanding is to the educated more gratify- 
ing than the love of the marvellous, though the latter need 
never be wanting to the nature-seeker. 

But the doctrine of continuity is not solely applicable to 
physical inquiries. 

The same modes of thought which lead us to see continuity 
in the field of the microscope as in the universe, in infinity down- 
wards as in infinity upwards, will lead us to see it in the 
history of our own race; the revolutionary ideas of the so- 
calied natural rights of man, and @ priori reasoning from what 
are termed first principles, are far more unsound and give us 
far less ground for improvement of the race than the study of the 
gradual progressive changes arising from changed circumstances, 
changed wants, changed habits. Our language, our social in- 
stitutions, our laws, the constitution of which we are proud, are 
the growth of time, the product of slow adaptations, resulting 
from continuous struggles. Happily in this country, though 
our philosophical writers do not always recognise it, practical 
experience has taught us to improve rather than to remodel ; we 
follow the law of nature and avoid cataclysms. 

The superiority of Man over other animals inhabiting this 
planet, of civilised over savage man, and of the more civilised 
over the less civilised, is proportioned to the extent which his 
thought can grasp of the past and of the future. His memory 
reaches further back, his capability of prediction reaches further 
forward in proportion as his knowledge increases. He has 
not only personal memory which brings to his mind at will 
the events of his individual life, — he has history, the 
memory of the race; he has geology, the history of the 
wet he has astronomy, the geology of other worlds. 

Vhence does the conviction to which I have alluded, 

that each material form bears in itself the records of its past 
history, arise? Is it not from the belief in continuity? Does 
not the worn hollow on the rock record the action of the tide, 
its stratified layers the slow deposition by which it was formed, 
the organic remains embedded in it the beings living at the 
times these layers were deposited, so that from a fragment of 
stone we can get the history of a period myriads of years ago? 
From a fragment of bronze we may get the history of our race 
at a period antecedent to tradition. As science advances our 
power of reading, this history improves and is extended. Sa- 
turn’s ring may help us to a knowledge of how our solar sys- 
tem developed itself, for it as surely contains that history as 
the rock contains the record of its own formation. 

By this patient investigation how much have we already 
learned, which the most civilised of ancient human races ig- 
nored! While in ethics, in polities, in poetry, in sculpture, in 
painting, we have scarcely, if at all, advanced beyond the highest 
intellects of ancient Greece or Italy, how great are the steps we 
lave made in physical science and its applications ! 

But how much more may we not expect to know? 

We, this evening assembled, ephemera as we are, have 
learned by transmitted labour, to weigh, as in a balance, other 
worlds larger and heavier than our own, to know the length of 
their days and years, to measure their enormous distance from 
us and from each other, to detect and accurately ascertain the 
influence they have on the movements of our world and on each 
other, and to discover the substances of which they are com- 
posed ; may we not fairly hope that similar methods of research 
to those which have taught us so much may give our race fur- 
ther information, until problems relating not only to remote 
worlds, but ibly to organic and sentient beings which may 
inhabit them, problems which it might now seem wildly visionary 
to enunciate, may be solved by progressive improvements in the 
modes of applying observation and experiment, induction and 
deduction ? 





COTTON MILL ENGINEERING. 

Ar the meeting of the British Association, Mr. Fairbairn, 
LL.D., F.R.S., read a paper on —— and — the iron 
columns in McConnel’s cotton mill at Manchester. Nearly the 
sume paper was read at the Manchester meeting of the Institu- 
tion of Mechanical Engineers, and an abstract was given in our 
columns at the time. 

By means of apparatus, which received motion from the 
shafts in each room, the old columns were quickly cut out and 
removed, and, the loose part of the bracket having been inserted 
with two strong bolts, the end of the middle beam was thus sup- 
ported with the same security as if the original columns had 
never been disturbed. 

In the case forming the subject of this paper, an old cotton 
mill constructed with iron beams and brick arches had to be 
altered to suit modern machinery; 90 to 100 tons of arches and 
machinery had to be supported in that building, and the mill to 
be kept working during the whole of the alterations. : 

This object was successfully accomplished under Mr. Fair- 
bairn’s directions. 

The mill is eight stories high, and has a length of 160 ft. The 
width of the mill is 45 ft., and this was divided into three equal 
spans of 15 ft. by two rows of columns carrying the cast-iron 
beams which support the transverse arches. ‘The distance of 
the columns apart from centre to centre in the longitudinal 
direction is about 9ft. 3in., and as each mule requires that 
space for drawing out its carriage, the width of 15 ft. between 

ilar and pillar was too small to admit a pair of mules in the 
ongitudinal direction down the middle of the room. It was 
therefore necessary to remove one row of columns in order to 
give space for the two centre mules to work. ‘The other mules 
next the side walls had quite sufficient room with the addition 
of a passage which extended along the side wall the whole length 
of the mill 

In the process of alteration the first consideration was how to 
support the ends of the middle beams and arches during the 
process, and how to support the middle beam permanently, after 
the columns had been removed. This could not be done simul- 
taneously throughout the mill when at work It was essential 
that only one pair of mules should be stopped at one time, and 
only during the operation of fixing the new columns and cutting 
out the old ones. The first thing to be done, therefore, was to 
prepare the new column with its projecting brackets of sufficient 
length to reach the ends of the arch beams, supporting at the 
same time the end of the middle beam after its old columns 
were removed. As it was impossible, however, to remove that 
part of the column which went through the beams, it was neces- 
sary first to fix the new columns under the front beams, and 
subsequently to cut out the old ones progressively as this work 
advanced from one end of the room to the other. 

To effect this part of the process there was no difficulty, as 
the branch brackets were prepared to extend the same distance 
in both directions, This bracket, or that side of it next the 
original column, could not, however, be extended the whole 
length before the whole column was cut out and removed. To 
surmount this difficulty, it was found necessary to leave that 
side of the bracket intended for the support of the end of the 
middle beam 10in. short, thus leaving sufficient space for at- 
taching the apparatus for cutting the old column and for the 
introduction of the loose end which was made to fit the “‘ stump” 
end of the old column after being neatly cut off and removed. 
It.was then requisite before removing.the old columns, first to 
fix the new ones and make all the floors secure from bottom to 
top. This would have been comparatively easy, provided the 
new columns had gone down to the bottom for foundations; but 
that was impossible as the two bottom rooms which contained 
the preparation machinery were not to be. disturbed, the six 
floors above, which contained the new mules, being those only 
that required alteration. 

The base of the new line of columns was therefore supported 
from the room above the ground floor, so as not in any way to 
interfere with the machinery below. Strong wrought-iron 
hollow beams were fixed immediately under the cast-iron wall 
beams, and upon these were raised the new lines of columns 
through six floors to the top of the mill. One end of each beam 
was fixed in the wall and the other on a casting, which embraced 
the column and transmitted the weight of the superincumbent 
arches on to those below. 

The new columns having’thus been fixed, the next process 
was to place a temporary prop under the middle beam for the 
support of the arch above, and to give room for cutting out the 
column before the loose end of the bracket could be attached for 
its final support. 

From this description it will be seen that the process of 
cutting out the columns was entirely free from risk. In_ this 
way, working from the top story downwards, the whole of the 
floors of the six uppermost rooms were replaced on new founda- 
tions. 

Mr. Andrew Ker, who carried out these operations, devised 
the apparatus for cutting out the columns. 








ROLLING STEEL TYRES. 
To tHe Epitror or ENGINEERING. 

Sir,—My attention has been directed to an inaccuracy which 
occurs in a notice of recent patents, given in your paper of the 
10th inst., and which I shall feel obliged by your correcting. 

It is stated that I have repatented the plan of hammering 
steel tyres upon a beck iron on an inclined face of an anvil, as in- 
vented and patented by Mr. W. D. Allen, of Sheffield, and that 
it is in use by Messrs. John Brown and Co. I beg to say, my 
plan of hammering tyres, as now used by Messrs. J. Brown and 
Co., differs from Mr. Allen’s materially, inasmuch as he merely 
forms a bevelled periphery on a tyre blank by means of a pro- 
jecting beak in front of the anvil face, while I forge two tyre 
blanks at one operation, with perfect flanges on each, by means 
of dies, so arranged on the side of an anvil of peculiar make, that 
both tyres are acted upon, and any required shape produced ; by 
this means a complete tyre is prepared for rolling, and not 
simply a bevelled blank. 

lam, Sir, your obedient Servant, 
J. PENTON. 

Grimesthorpe-road, Sheffield, August 25, 1866. 
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SALOON CARRIAGE, GREAT WESTERN RAILWAY. 
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THE practice or providing saloon-carriage accommodation on 
payment of a certain number of first-class fares is one which, 
as we have already mentioned in this journal, is now being car- 
ried out on cnvaval of our principal lines, and amongst them, on 
the London and North-Western, the Great Eastern, and the 
Great Western railways. We give in the accompanying engrav- 
ing a side elevation and sectional plan of one of the broad- 
gauge saloon carriages on the last-mentioned line, these illustra- 
tions having been prepared from a tracing with which we have 
been kindly furnished by Mr. John L. Fraser, the superintendent 
of the carriage department of the Great Western Railway. 

The body of this carriage is 24 ft. 5}in. long over all, and 
9 ft. 7 in. wide, and is divided into a first-class compartment, a 
lobby, lavatory and water-closet, and servants’ compartment, as 
shown in the sectional plan. The first-class compartment is 
13 ft. 1} in. long, and is furnished with seats across the one end 
and down each side, the side seats being furnished with pillows 
at the ends next the partition, so that they form couches. The 
clear width between the side seats is 4 ft. Gin., so that there is 
ample room for a table, if it should be considered necessary to 
supply one. The arrangement of the elbows of the seats will 
be seen from the plan. Access is gained to the first-class com- 
partment by means of a doorway, 2 ft. wide, communicating 
with a lobby which runs across the carriage, the entrance doors 
n the sides of the carriage being situated at the ends of the 
lobby, which is 2 ft. 8 in. wide. The side doors communicating 
with the lobby are 2 ft. 4}in. wide, and those leading to the 
servants’ compartment 2 ft. 04 in. wide. 

On the opposite side of the lobby to the first-class compart- 
ment is a doorway leading to the lavatory and water-closet, 
these being situated on opposite sides of the carriage, as shown 
in the plan. The lavatory is 2 ft. 9} in. wide, and is fitted with 
wash-hand stand, mirror, &c., the necessary water being sup- 
plied from a tank situated on the roof of the carriage, as shown 
in the side elevation. From the lavatory another door gives 
access to the servants’ compartment, which is five feet long, 
and is furnished with seats arranged as shown in the engraving. 


This compartment can also be used for the reception of luggage 
if desired. 

The first-class compartment has two windows on each side, 
these each having glasses 4 ft. 6} in. long by 2 ft. 1 in. high, so 
that the compartment is amply lighted. The lavatory and 
water-closet have windows of ground glass, 1 ft. 6 in, wide and 
2 ft. 1 in. high, and the servants’ compartment has door lights 
1 ft. 4in., and side lights 10 in. wide, the height being in each 
case 2ft.1in. The side doors leading to the lobby are also fur- 
nished with glass windows. At night the first-class compart- 
ment is lighted by two large lamps, and a lamp is also placed in 
the servants’ compartment. The internal fittings and decora- 
tions of this as well as of the other saloon carriages on the Great 
Western line have all been designed with the view of giving as 
great an amount of comfort as possible without any unnecessary 


wheels, the extreme centres being 15 ft., and the spring gear is 
the same as that of the ordinary first-class carriages on the 
Great Western Railway. The total length of the carriage over 
buffers is 27 ft. 7} in. 

In addition to their broad-gauge saloon carriages, the Great 
Western Railway Company have several others for their narrow- 
gauge trains. These narrow-gauge saloons are of the same 
general dimensions as those on the broad gauge, except that 
their width is of course Jess. ‘The arrangement of seats in the 
first-class compartment is also slightly different, provision being 
made for a couch across the end of the carriage, and sliding 
doors being fitted to the doorways in the partitions. Saloon car- 
riag es of the kind we have described are excellently adapted for 
the conveyance of families or pic-nie or other parties, and we 
feel sure that when the very reasonable cost at which they can 
be secured is more generally known, they will be in even greater 
request than they now are. For eight first-class fares one of these 
carriages, with room for twenty persons, will be sent to any part 
of the line, the hirer having the exclusive use of the carriage. 








Tue Contract Corroration.—A call of 302. per share is 
to be made upon the shareholders of this unfortunate concern. 


ornamentation. The carriage is carried upon three pairs of | 





SkipTron AND WHARFDALE Rati~way.—With 1,500,000 
tons of ironstone raised yearly in the Cleveland district, iron 
for Manchester and Liverpool has to go thirty miles out of the 
way vid Normanton. The first portion of the above railway is 
now in course of construction from Skipton. It will be about 
eighty miles in length, will have gradients of 1 in 100 against 
the heavier traffic, and will go under the “ backbone” range in 
a tunnel one and a quarter miles long. 

Tue InTERCOLONIAL RatLway.—The important railway 
of 400 miles from Truro, Nova Scotia, to the St. Lawrence river 
at Riviere du Loup, is now, it is thought, certain to go through, 
the Home Government guaranteeing the interest upon its cost. 
A direct line, another to the north, and a third via St. John’s, 
New Brunswick, are spoken of. The direct and best route lies 
through a wilderness almost the whole way, and overcomes a 
summit of about 1200 ft. 


Tue Society or Enoinéers.—Arrangements have been 
made for the members and associates of the Society of Engi- 
neers to visit, by the kind permission of Mr. Balwin Latham, the 
Croydon Sewage, Irrigation, and Waterworks, on Friday, the 
14th of September next. The members will meet at the 
London-bridge Station, for West Croydon, at 12 o'clock noon, 
and those intending to be present must notify their intention to 
the honorary secretary on or before Monday, the 10th proximo. 


Surveyors’ Fexs.—The members of the Portsmouth Town 
Council are engaged in investigating a charge against their 
engineer, Mr. Lewis Angell, the charge being that, in inviting 
tenders for new pumping engines he desired that the parties 
tendering would add 10 per cent. for “‘surveyor's fees.” Messrs. 
Easton, Amos, and Sons tendered thus, and failing to obtain 
the contract, they brought the matter to the attention of those 
who were likely to, and did, make a statement to the borough 
authorities. 

Corron.—Dr. Forbes’s report upon his visit to the American 
Cotton States is most unfavourable as to the prospect of a good 
supply from the Southern States. He encourages the utmost 
efforts to increase the supply from other quarters. 
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MARINE ENGINES. 

We believe we may state that there is no truth in 
the rumour that the Peninsular and Oriental Steam- 
ship Company are about to establish large marine- 
engine factories at Southampton or elsewhere, in order 
that they may build their own machinery. Orders for 
new engines are still given out by the company to 
various firms, not, as formerly, to the older houses 
whose success really established that of the company 
itself, but to Messrs. Summers and Day, of South- 
ampton, Messrs. Thomas Richardson and Co., of 
Hartlepool, and others. The company have given 
much encouragement to the construction of economical 
engines, but we believe that the compound engines 
fitted to several of their ships have broken down so 
often that it is now intended to replace them with 
ordinary engines. The Mooltan, of which so much 
was expected four years ago, and which has indeed 
worked with great economy in respect of her consump- 
tion of fuel, is now to be sent home to be fitted with 
ordinary engines by Messrs. Summers and Day. The 
present 400 horse engines of this ship have a 43 in. 
and a 96 in. piston on each piston-rod, with a stroke 
of both of 3 ft. 3 in., the steam being expanded from 
the smaller into the larger cylinder of each engine. 
These are direct acting vertical engines, but at 
60 revolutions per minute the strain upon the shaft 
from the great weights in motion is very severe. 

For high expansive working, which is now known 
to be one of the first conditions of marine-engine 
economy, high-pressure steam is requisite. In the 
larger cylinders of the compound engines the average 
effective pressure is not much above 3 |b. or 4 lb. per 
square inch, and hence it is that great diameters are 
required for even moderate powers, so great that the 
compound system has gained the nickname of the 
crinoline engine. 

It is only, of course, with surface condensers that 
high pressures can be carried at sea. Mr. Elder’s 
engines have been worked regularly at 501b. in the 
Pacific, but, with the exception of Mr. Rowan, who 
attempted 100 lb. to 130 lb. with but partial and tem- 
pee success, Other engineers have not gone much 
yevond 25lb. or 301lb. Without surface condensers, 
this is about the highest that can be carried without 
salting the boiler, and it is one of the most important 
advantages of surface condensers—equal, probably, to 
that of the saving in the heat otherwise lost in blowing 
off—that by supplying pure water to the boilers they | 1 
permit the use of steam of any pressure required, and 
which the boiler may be able to bear with safety. We 
presume there is not one engineer who does not now | i 
know the remedy, or rather the preventive, for the | « 
corrosion of the boiler which was found to attend the 
use of surface condensers on their general re-introduc- 
tion a few years ago. At one time this corrosion was 
so rapid and destructive, that it would have soon com- 
pelled the total abandonment of surface condensers, 
to which alone it could be traced, although, even here, 
the rationale of the corrosive action was not under- 
stood. It is now known, however, that a gradual 
change of the water in the boiler, by constantly blow- 
ing off a small quantity and replacing it from the sea, | ¢ 
entirely prevents corrosion. Another difficulty attend- 
ing the use of surface condensers is that the boilers 
working in connexion with them always prime on|1 
starting from port with a fresh supply of water. 
are informed, however, by engineers who have had | « 
great difficulty in this way, that the priming is pre-|1 
vented by raising steam of the full pressure a few |: 
hours before leaving the dock, and allowing the safety | t 
valves to blow off gently auring that time. I 

The question of boilers is, indeed, the governing 
question in respect of marine-engine construction, Our 
engineers are very cautious as to giving up the ordi- 
nary tubular pattern, unless it be for the sheet flue 
boiler, and the principle of the two boilers is really 
much the same after all. 
employ the water-tube boiler, chiefly for sea-going | t 
ships, finding it much easier to clean when seale once | | 
forms. Otherwise, we cannot suppose that it possesses 
any striking advantage. Mr. Inglis, of Manchester, 
has a pattern of water-tube boiler, which we hope 
shortly to illustrate, and which appears to be prefer- 
able in several respects to other boilers of this general 
class. ‘The Field boiler has been tried for marine 
purposes, but we hear that the pendant tubes have | « 
choked with salt. 

There is a mode by which high-pressure steam might | t 
perhaps be gradually introduced on ship-board, with- | t 
out the risk of disabling the ship in case of any of the | ¢ 
high-pressure machinery going wrong. This mode, 
which, we believe, has never been tried, nor even pro- 
posed, is as follows :—Any approved high-pressure 











supply of good water. 
Bala Lake, the largest in North Wales, which is four 


boiler, equal to the supply of perhaps one-fourth or 
one-third of all the steam required, might be put down 
in the ship, and worked to 100 Ib. or even 130 Ib., the 
boiler being supplied with fresh water from a surface 
condenser, the water being, however, gradually 
changed to prevent corrosion. The steam from this 
boiler might be worked in a high-pressure non- 
condensing engine, and cut off at, say, from one-third 
to one-half stroke, so that the final pressure in the 
cylinder should not be less than that in the low-pres- 
sure boiler, into which, or into the low-pressure en- 
gine, the high-pressure engine’ would exhaust. A 
considerable additional power might be thus obtained, 
and almost without any expenditure of fuel whatever, 
as no doubt the majority of our readers will see with- 
out any explanation on our part. The steam thus 
worked would be worked over again in the ordinary 
low-pressure engine, and do full duty there, and it 
meet replace steam to raise which would otherwise 
have required nearly the same amount of fuel in the 
low-pressure boiler, the difference being that only due 
to the liquefaction of a small portion of steam in work 
in the high-pressure cylinder, and to the loss of heat 
by radiation. The steam in the low-pressure boiler, 
ineluding that exhausted from the high-pressure engine, 


would be superheated and worked expansively as in 
the best existing engines. 


Should anything go wrong 
with the high-pressure machinery, the ship could still 
go on with the low-pressure boiler and engines alone, 


= 


of course at a diminished speed corresponding to the 
diminution in 


the power. But even did the high- 
pressure engine indieate one-half of the total power of 
the vessel, the diminution in speed should not exceed 


about one-fifth of the full speed due to both engines. 
The objections to this mode of working would be that 
of additional complication and of divided attention, yet 
it might prove that the saving effected would form a 
sufficient compensation. 





THE WATER SUPPLY OF LIVERPOOL. 


Iy a recent number of this journal (vide page 80 of 


the present volume) we described Mr. Thomas Dun- 
can’s scheme for obtaining a good water supply for 


Liverpool from the Bala Lake district, and in the 


course of our description we alluded to the fact that 
a somewhat similar plan had been proposed by Mr. 


Robert Rawlinson, C.B., some twenty years ago. The 
report made by Mr. Rawlinson to the mayor and cor- 


9 of Liverpool, in August 1846, upon this Bala 


sake scheme, has recently been republished, and from 
t we obtain the following particulars, which will 
able our readers to compare Mr. Rawlinson’s plan 


with that of Mr. Duncan. 


The five principal rivers flowing through the dis- 


trict around Liverpool are the Ribble, Mersey, Irwell, 
Weaver, and Dee, the four first flowing through cul- 
tivated lands and past manufacturing towns, so that their 
waters are more or less polluted. 
River Dee is, however, near its sources particularly 


The water of the 


yure, the channel of the river as far as Llangollen 
yosed of compact rocks or clean and smooth 
! whilst its tributaries also furnish a similar 
At the head of the Dee is 


yeing com 
lrift grave 


niles long, with an average width of three-fourths of 


We]a mile, and has its surface at a height of upwards 


of 500 ft. above sea level. About two and a half 
niles above Llangollen is Llantisilio, and it was from 
ibout this place that Mr. Rawlinson proposed to draw 
he water for the supply of Liverpool, the level of the 
ved of the Dee at that point being upwards of 300 ft. 


above sea level, whilst between it and Bala Lake, a 
distance of eighteen miles, the river rises nearly 200ft., 
so that any additional head that might be required 
could be easily obtained. 


From Llantisilio Mr. Rawlinson proposed to con- 


The American engineers | duct the water past Wrexham, Chester, and Runcorn, 


o Liverpool, a distance of 45 miles, or, as he says in 
lis report, in case of its being difficult to make an ar- 


rangement “with the Grand Junction Railway Com- 
“pany to cross at Runcorn Gap by means of their 


roposed viaduct, the Mersey may be crossed at 


) 
" Sicckerton, adding about five miles to the length 
“named.” In June, 1846, one of the driest seasons then 
on record, Mr. Rawlinson ascertained that the quantity 


f water passing down the Dee during twenty-four 


hours was upwards of 63,000,000 gallons, and, taking 


his as aminimum, he estimated that in all ordinary 
mes the flow would equal several hundreds of millions 
of gallons daily. He also pointed out in his report the 


advantage possessed by Bala Lake as a storage basin, 
a reduction of the present level of the lake by 6 ft. 
giving about. 1,800,000,000 gallons of water, whilst, by 





forming an embankment across the lower end and raising 
the water level 6 ft., about 2,000,000,000 gallons might 
be impounded. 

Mr. Rawlinson considered it advisable, in the first in- 
stance, that from Llantisilio to Liverpool a double line 
of pipes should be laid down, each capable of conveying 
not less than 10,000,000 gallons per twenty-four hours, 
or, together, 20,000,000 gallons per day, this carrying 

ower to be increased, at any future time when it might 

e necessary to do so, by laying down additional lines 
of pipes. For the aqueduct pipes Mr. Rawlinson 
proposed wrought-iron rivetted tubes made of “ gal- 
vanised ” boiler-plate, but he stated that from Runcorn 
Gap to Liverpool cast-iron pipes might be employed. 
The cost of the works was at first estimated at from 
231,300/. to 907,700/,, aceording to the amount of 
water supplied, the first-mentioned sum being for a 
daily wae of 5,875,200 gallons, and the latter for a 
supply of 26,611,200 gallons daily, the water in each 
case being supposed to be delivered into a new reser- 
voir at a level of 180 ft. above the Old Lock sill. 
Afterwards, however, when the line of country between 
the Dee at Llangollen and Delamere Forest had been 
surveyed, the idea of iron-pipe conduits for the whole 
of the distance was abandoned, and it was proposed to 
form a permanent aqueduct, with a paved channel, 
following a somewhat more circuitous course than that 
above named, and capable of conveying not less than 
60,000,000 gallons of water daily along the new route, 
a distance of 64 miles. This alteration in the plans of 
course modified the estimates above given. 

At the present time the question as to how the 
water supply of Liverpool is to be improved is in abey- 
ance, pending the reports of some of the leading 
engineers on the subject, and nothing can therefore be 
said as to which scheme is likely to be carried 
out. We should think, however, that, after their 
experience with the Rivington Works, the corporation 
would be careful to fix upona plan which would 
ensure an ample supply of water for very many years 
to come, and not be deterred by the fear of present 
outlay from carrying out that which would be of im- 
mense future benefit. 








NEW DOCKS ON THE CLYDE. 


Axout three years ago the Clyde Trust received esti- 

mates for the construction of a new dock at Windmill- 
croft, on the south side of the Clyde, and eventually the 
contract was given to Mr. David Manwell, of Glasgow. 
Since that time the works have been proceeding steadily, 
and they are now approaching completion, 4,050,000 
cubic feet having been excavated, giving a dock area 
of nearly five acres. The new dock will have two 
side quays 1050 ft. in length, whilst its width, which 
varies slightly, will average 250 ft. At the present 
time the excavations have been carried down 16 ft. 
below the present quay level, or within 2 ft. of low- 
water mark, and it is intended to carry them down 
14 ft. further. This further deepening, however, is 
not included in Mr. Manwell’s contract, it being in- 
tended—as the dock is to be used as a tidal basin—to 
effect it by dredging. It is expected that, as the soil 
is favourable, this deepening may be effected in about a 
year after the opening of the docks. 
“ The entrance to the dock is to be 60 ft. wide, and 
will be spanned by a swing bridge, which has been de- 
signed by Mr. Salmon, assistant engineer to Mr. Dun- 
can, of the Clyde Trust. The excavations have now 
reached within 64 ft. of the river, and it is expected 
that in about three months the water may be admitted. 
It is proposed to carry the excavations right up to the 
present quay-wall, and then to remove the boundary 
in the course of a single tide, so as to admit the water 
to the dock when the flood takes place. In connexion 
with these works, Mr. Manwell has introduced a sys- 
tem of pile-driving for which he has taken out a 
patent. Instead of driving the piles singly, he unites 
five together at the head and foot by a strap and shoe, 
connecting them together, also, at intervals in their 
length, by dowels and iron dogs. The composite pile 
thus formed is driven by a five-ton ram. 








Tank EnGrves on THE GreENwicH Line.—The new 
tank engines, designed hy Mr. Cudworth, whieh have been 
lately set to work on the Charing-cross and Greenwich lines, 
are eight-wheeled engines, with a faur-wheeled bogie, constructed 
accoruing to Mr. William Adams’ patent, placed under the trail- 
ing end. ‘The four leading wheels are 5 ft. 7 in. in diameter, 
and coupled, and the cylinders, which are inside, are 15 in. m 
diameter, with a stroke of 20 iu. By placing the bogie behind 
instead of in front, as is usual, a long footplate is obtained, 
affording good accommodation for the men. We shall publish 





engravings and full particulars of these engines shortly. 
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THE RESISTANCE OF FLOATING AND IMMERSED BODIES. 
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At the meeting of the British Association, Section G (Me- 
chanical Science), on Thursday week, Professor Rankine laid 
before the meeting a copy of the report of the committee 
appointed in 1863 to make experiments on the difference be- 
tween the resistance of water to floating and to immersed bodies. 

This committee consists of John Scott Russell, C.E., F.R.S., 
James R. Napier, Professor Rankine, C.E., F.R.S., and W. 
Froude. 

The committee held several meetings in the course of the 
winter and spring 1864-65, and agreed to a programme of ex- 
periments, of which the following isa summary: 

1. Two models to be made of painted wood, designated re- 
spectively as A and B. : 

2. The models to be ship-shape, and each of them to consist 
of two equal and similar halves, joined together at the middle 
water line. 

The models are represented in Figs. 1 and 2, their principal 
elements being— 


A. B. 
Length tee eee os 64 ft. oe «= 4 ft 
Breadth } of length as. Ween oan | ee 
Total depth ... “i eo. 0.571 «» 0.364 
Form of midship section ... Circle ... Ellipse 
Areaof ,, we 02.256 sq. ft... 0.163 sq. ft. 
Ratio of those areas 1 «. =—0.6366 


Form of water lines of fore 

body eee a om Harmonic curves 
Form of water lines in after 

body se - ia Trochoids ; 
(Stem and stern post, at first intended to be vertical straight 

lines, but afterwards rounded off to prevent the corners from 
being chipped.) 
Length of fore body to length 
of after body... ove 
Mean girth ... sae +s 
Displacement when balf im- 
mersed ... ose 17.228 lb. ... 10.986 1b. 

8. Model A to be in two parts, joined at the circular midship 
section, so that, by turning the after body through a right angle 
about a longitudinal axis, the water lines can be converted into 
buttock-lines, and vice versd. 

4. Experiments to be made according to the method formerly 
put in practice by Mr. Scott Russell, in which uniformity of the 

ropelling force is maintained by means of a regulating weight 

anging from a pulley under which the hauling cord passes, the 
model to be guided in a straight course by means of a stretched 
wire. See Fig. 3. 

5. Those experiments to be made principally at speeds not 
exceeding the natural speed of the wave corresponding to the 
length of the model, viz., about two knots per hour, or 3.38 ft. 
per Seems but a few experiments may be made at higher 
speeds, 

°C. The experiments to be made on each model under two cir- 
cumstances, viz., with the model immersed as nearly as may be 
to the middle water-line, and with the model totally immersed. 

The programme of experiments having been thus drawn up 
by the committee, the superintendence of the execution was 
undertaken by Mr. Scott Russell. The actual execution of the 
experiments was entrusted by Mr. Russell to Mr. T. Quant, N.A., 
who performed that duty with a skill and assiduity which the 
committee acknowledge in the highest terms. The experiments 
were made upon a lake in Blackheath Park, the use of which, 
for that purpose, was liberally granted by Dr. Joseph Kidd. 

The results of 220 experiments have been recorded and tabu- 
lated in that report, which was now made public for the first 
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‘time, the committee having given simply the observed facts, 


deferring for the present to draw any general conclusions. 

Professor Rankine read the following remarks on the fore- 
going report, in order to open the way for a discussion on the 
subject of the resistance of water to bodies py ee it, 
since it was the custom of the Association that a report should 
not be discussed. The experiments recorded in the report 
formed a body of facts which were available for every inquirer 
to reduce in his own way. From a brief investigation of their 
results, he believed that the following conclusions might safely 
be drawn: 

1. That agreeably to what was previously known as to the 
resistance to the motion of bodies of smal! dimensions at low 
speeds, the resistance increased on the whole somewhat more 
slowly than the square of the velocity. The total resistance 
being, in fact, the sum of two elements, of which one increased 
~—_ as the speed, and the other as the square of the speed 
it followed that at low velocities the influence of the first 
element = the result would be comparatively greater than at 
high speeds. 

2. That when the velocity went beyond the maximum velocity 
suited to the length of the model, as ascertained by Mr. Scott 
Russell’s well-known rules, the resistance showed a tendency to 
increase at a more rapid rate. With the length of 4ft. of the 
two models, that maximum speed was about 34 ft. per second. 
Whenever the models were moved at greater velocity, a wave 
was raised, and at high speeds the water became so much dis- 
turbed by waves as to make it difficult to carry out the ex- 
periment. 

3. That while the midship sections of models A and B were 
in proportion as 1.57 to 1, and the mean girth of model A to 
that of B was as 1.45 to 1, the resistances of the two models 
were in a somewhat less ratio than the latter proportion, and at 
low speeds very nearly approached the same. In all cases the 
resistance seemed to be much more nearly proportionate to the 
mean girth than to the midship section. 

4. The resistance of model A when totally immersed to its own 
depth, 2.e., just sufficient to be covered with water, was almost 
exactly double of its resistance at the same speed when half 
immersed. 

5. The resistance of model B when immersed to about 3} 
times-its own depth, was sensibly more than double its resistance 
when half immersed, 

In conclusion, Professor Rankine remarked that the great 
mass of detailed information accumulated by the late committee 
on steamship performance might be turned to more useful 
account by digesting and systematically condensing that informa- 
tion, which, in its present form, was too voluminous and too ill- 
arranged for practical use. 

Mr, Fairbairn concurred in the suggestions made by Professor 

Rankine as to the necessity for deducing from the experiments 
made by the committee the facts which they had established. 
The object of the committee was not to determine or fix any 
particular law, but merely to collect facts, while every person 
might endeavour to ascertain the general law governing them. 
He believed that he was the first who had ascertained the 
amount of the resistance offered to bodies passing at different 
velocities through water. Experiments were made many years 
since on the Paisley Canal with a peculiar boat as early as 1830. 
It was found that when the boat was drawn through the water 
at about the rate of five miles an hour a large wave was raised, 
but when it was drawn at the rate of nine miles an hour no such 
wave was perceptible, and the boat glided along as smoothly as 
though she was being drawn upon ice. He had himself made a 
similar experiment with an iron boat on the Forth of Clyde Canal 








with an identical result. When once the vessel was forced at a 
greater rate of speed than the wave would travel, the wave dis- 
appeared, and the resistance became less in proportion to the 
velocity, while the immersion was reduced from 15 in. to 18 in. 
He therefore suggested the use of light locomotive engines for 
drawing canal boats instead of horses, in order to attain the 
high speed which was desirable. However, it was found difficult 
to use on canals engines of the power requisite to attain so high 
a velocity, and the idea was given up. Mr. Scott Russell and 
others had made similar experiments, but they had not driven 
their boats at a higher speed than seven miles an hour. It was 
in consequence of the experiments then made, that Mr. Scott 
Rupedl Utorninad to build vessels with hollow bows on what 
was called “the wave line” principle, which was now exten- 
sively adopted in iron shipbuilding. He hoped that before the 
section separated, a committee would be appointed to investigate 
the facts already obtained in reference to the resistance offered 
to bodies in motion in water, and thus to extend their knowledge 
of the law that resistance followed. 

In the further course of the discussion Mr. Bailey, formerly 
surveyor of vessels at Lloyds, drew the attention of the meeting 
to a peculiar line of friction which he had observed on the 
copper bottom of vessels of all kinds immediately after their 
return from a long voyage. This line presented itself as a 
somewhat irregular abrasion, beginning at the water line at the 
bow, and descending towards the midship section, where it 
reached down to about one-third of the depth of ship measured 
from fhe keel, This line of abrasion was clearly visible in sail- 
ing ~~ and steamers. 

Mr. Bailey disapproved of the hollow lines or wave lines at 
the bow. In this he was supported by Admiral Sir E. Belcher, 
who strongly objected to the hollow lines at the bow for sea- 
going sbips on account of their ships built on this principle being 
liable to take great quantities of water over the bow in a heavy 
sea. The wave-line seemed to him suitable only for river boats. 

Professor Rankine in his reply said that most persons when 
discussing the wave-line theory, forget that it was divided into 
two branches, one relating to the form of the bows, and the other 
to the relation between the length of the vessel and the speed at 
which she was to be propelled through the water. He did not 
attach much weight to the hollow bow, as he found that 
a bow constructed on the straight line system answered equally 
well with that constructed on the former system. He thought, 
however, that there was much to be said in favour of the theory, 
that the length must have a certain relation to the speed. If 
a vessel were too short or driven at a higher speed than 
warranted by her length, a great waste of power would be the 
result. The proper length of a ship in feet as given by the 
wave-line theory was about fifteen sixteenths of the square of 
speed in knots. 








Tue Iron BALLAST UsitD AS PAVEMENT.—Messrs, Ryland, 
of Birmingham, having applied to the Admiralty to be allowed 
to test the quality of the iron ballast laid down as pavement in 
the Dockyards, specimens of different qualities will be forwarded 
to Birmingham from the various dockyards and an independent 
judgment thus obtained upon the value of the iron alleged to 
have been so wastefully expended, 

Tue Great Eastern.—The steamship Achilles, Riches, 
arrived in the river from Montreal, reports that at 4 a.m. on the 
19th inst. she passed the Great Eastern, her Majesty’s ship 
Terrible, and the Medway and Albany, in lat. 52 N., long. 89 W., 
lying to. She also passed a buoy, apparently laid down as a 
guide, about 10 miles E.S.E. from the squadron. Wind, §.1:.; 
moderate breeze and fine weather. 
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THE VICTORIA BRIDGE WIDENING. 


WE gave in our last number a general account of the widen- 
ing of the Victoria-bridge, and we now publish engravings 
which will enable us to explain the details of that work more 
fully, these —_ having been pre from drawings 
kindly lent tous by the engineers, Sir Charles Fox and Sons. 
As we ‘stated last week, the widening really consists of the 
erection of a new bridge alongside that built from the designs of 
Mr. Fowler some years ago, this new portion giving an additional 


THE 


NEW VICTORIA BRIDGE FOUNDATIONS. 





width of 98 ft., and making the total width of the 
structure 132 ft. between parapet walls. 

The manner in which the foundations of the new river piers, 

of which there are three, were constructed is explained by 
Figs. 9,10 and 11. From these it will be seen that each pier is 
founded upon four cast-iron cylinders, these cylinders being 
each 21 ft. in diameter outside, and formed of metal 1} in. 
thick. Each. cylinder has a total height of 24 ft., and is 
formed’in‘three lengths, bolted together by means of flanges, 
as shown in the section, Fig. 11; the lengths being also formed 
n eight segments united ina similar manner. The cast-iron 
cylinders just mentioned are sunk for the greater part of their 
length in the bed of the river, their tops being about 4 ft. 6 in. 
below low-water mark, and during the construction of the 
masonry of the piers they were surmounted by wrought-iron 
caissons, connected as sown in Fig. 6. From this figure it 
will be seen that the top length of each cylinder was furnished 
with a channel around its upper edge, this channel being 3 in. 
wide and 2in. deep. At the bottom of this channel was laid a 
packing of india-rubber, and upon this the lower edge of the 
wrought-iron caisson was allowed to rest, the connexion 
between the caisson and cylinder being rendered secure by means 
of bolts, hooked at their lower end so as to take hold of the 
overhanging portion of the channel and passing up through the 
ribs of the caisson, as shown in Fig. 6. This arrangement pro- 
duced a very simple and effective joint, and one which could be 
very readily disconnected when required. 

The wrought-iron caissons were, like the cylinders, 21 ft. in 
diameter outside, at their lower part; and they extended to 
above high-water mark. They were constructed of 3 in. plate, 
strengthened by stiffening ribs placed around the outside as 
shown in Fig. 6, these ribs being 10} in. broad, and being formed 
of 2 in. plate and 34in. by 3}in. by jin. angle iron. ‘The man- 
ner in which the cast-iron cylinders were loaded to force them 
down into their places is shown in Figs. 7 and 8, from which it 
will be seen that a series of shelves were slung around the in- 
side of each cylinder by ineans of wrought-iron straps, sup- 
ported by bolts passed through bosses formed on the flanges by 
which the segments were united. Qn these shelves was placed 
kentledge, the weight required being about 100 tons for each 
cylinder, whilst the time occupied in sinking each to its proper 
depth averaged seven days, and the number of men employed 
fitteen. ‘The bottom ends of the cylinders are bedded on the 
London clay at a depth of about 45 ft. below high-water mark. 

After the cylinders had been sunk, and the bed of the river 
excavated within them, they were filled for a height of 12 ft. 
6 in. with cement concrete, as shown in Fig. 11, From the top 
of the concrete, solid brickwork set in cement was then carried 
up nearly to low-water mark, and upon this was placed a load 
of kentledge equal in weight to that of the superstructure loaded 
with locomotives. In the case of the cylinders next the piers of 
the old bridge, this load amounted to 1260 tons, and the case 
of the others to 1000 tons, this heavy test being applied to pre- 
vent any subsidence taking place after the new and old piers 
were bonded together. The greatest settlement produced during 
the testing was { in. 

After the cylinders had been tested by the application of the 
load above mentioned, a course of masonry was laid upon the 
brickwork, and, the wrought-iron caissous having been removed, 
a frame formed of cast-iron girders was paid between the 
masonry of each pair of cylinders, and between the pier of the 
old bridge and the cylinder nearest to it. These frames, some 
of which are shown in Fig, 9, are employed to carry the face- 
work, so that it is continuous throughout the whole length of 
each pier. The main body of the pier is also made continuous 
by means of connecting arches between each pair of cylinders, 
and between them and the old piers. The arches between the 
cylinders, which are shown in Fig. 9, are struck with a radius 
of 5 ft. 2 in., their span being 8 ft., and their thickness’2 ft. 3 in., 
whilst the arches between the old piers and the adjacent 
cylinders are of 17 ft. 6 in. span, 4 ft.3 in. rise, and are 
3 ft. 9in. thick. 

The cylinders supporting each pier are 23 ft. 7 in. apart from 
centre to centre, and there isa distance of rather over 32 ft. 6 in. 
between the centres of the face ribs of the old bridge and the 
centres of the cylinders nearest to them, part of this space 
being occupied by the old cutwaters. At the level of the top 
of the cylinders the width of the piers is 15 ft. 9 in., this width 
decreasing to 12 ft. 4 in. at the springing. . The ~—— of the 
new piers at the latter level is 101 ft. 9in., and to this length 
must be added that of the cutwaters which project 10 ft. at the 
base and 8ft. Yin. at the summit.. From the top of the 
cylinders to the springing the piers are solid, and are faced with 
ashlar masonry of Roche and Portland stone; above the spring- 
ing their width is decreased to 9 ft.6 in.,, and they are built 
hollow, as shown in Figs. 9 and 11, both the longitudinal and 
transverse walls being 1 ft. 2 in. thick. This upper part is 
faced partly with Bramley Fall and partly with picked bricks. 


On the tops of the piers are built in cast-iron skewbacks for 
the arched ribs, these skewbacks resting upon two courses of 
masonry, each 1 ft. 7 in. thick, the lower one being 6 ft. and 
the upper one 4 ft. 6 in. wide. The top and bottom flanges of 
the skewbacks as well as the web are 2 in. thick, the top flange 
being 1 ft. 6 in. and the bottom flange 2 ft. 6in. wide. They 
are strengthened by feathers, as will be seen from Fig. 3, where 
a part of one of the skewbacks is shown attached to the arched 
rib. The depth of the skewbacks is 3 ft. 5 in., and on the top 
of them are bolted cast-iron standards, as also shown in Fig. 3. 
These standards are 9 ft. 7in. wide, and 14 ft. 9in. high, and 
to the tops of them are bolted the horizontal girders, which run 
the whole length of the bridge, as will be described presently. 
Each standard is divided vertically into two ‘parts, which are 
united by bolts and flanges, the latter being 11t. 6in. wide by 
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1} in. thick on the edges. The flanges at the top, bottom, and 
sides of the standards are also of the same dimensions, and the 
web is 1}in. thick, the openings in it being surrounded by 
flanges 6 in. by 1 in. 

The abutments, which are about 103 ft. long, and extend back 
for a distance of 40 ft. from the river face, were. builé within 
double coffer-dams of timber, the foundations averaging 35 ft. 
below high-water mark. They are founded on a thick layer of 
concrete, upon which is placed 3 ft. of brickwork, and froin this 
the face and partition walls of the abutments are raised. The 
thickness of the face wall is 5 ft. 11 in. at the springing of the 
arches, increasing to nearly, 10 ft. at the footings. The inner 
wall of the abutments is 4 ft. 6 in. thick, for. the greater part 
of its height, this thickness increasing to 6 ft. 44 in. at the fuot- 
ings. The end and division walls, of which latter there are eight 
running at right angles to the river, are of the same dimensions 
as the inner wall, and the longitudinal division which is carried 
along the whole length of the abutment 9 ft. 9in. behind the 
face wall is 3ft. 9in. thick, except at the footing. Above the 
springing, the face wall decreases in thickness to 4 ft. 6in., and 
then to 3ft. 9in. this latter thickness being maintained 
up to the level of the roadway. ‘The spaces between the divi- 
sion walls are filled in with concrete. ‘The abutments are made 
with the same batter on the face as those of the old bridge, and 
are faced with stone in a similar manner. That part of the face 
wall of each abutment which forms the junction between the 
new and old work is carried upon cast-iron girders in the same 
manner as the face walls of the piers. The inner ends of the 
straight girders forming the land spans are supported upon piers 
of the same length as the abutments, and 9 ft. wide. These piers 
are built hollow, the walls being 3 ft. thick, and are surmounted 
by stone slabs on which the girders rest. The brickwork of the 

jers is carried down 9 ft. 6 in. below the ground level, and is 
bedded upon a mass of concrete reaching to the firm gravel. 

As we stated last week, the bridge consists of four river spans 
of 175 ft. opening in the clear, and two land spans of 65 ft. and 
70 ft. respectively. The superstructure consists of wrought- 
iron arched ribs for the river spans, and wrought-iron plate 
girders for the land openings, the general appearance of the 
former being given by Fig. 1, which is a side elevation of the 
whole of the bridge. There are eight arched ribs to each 
river span, these being placed at the following distances apart, 
transversely: From the outer rib of old to the nearest or first 
rib of the new bridge, 2 ft. 34 in.; between first and second ribs, 
11 ft. 2in.; between second and third ribs, 22 ft. 4in.; between 
third and fourth ribs, 13 ft. 6 in.; between fourth and fifth ribs, 
13 ft. 6 in.; between fifth and sixth ribs, 13 ft. Gin.; between 
sixth and seventh ribs, 11 ft. 2in.; and between seventh and 
eighth ribs, 12 ft. 10 in,; these distances being all measured 
from centre to centre of ribs. ‘The space thus supported affords 
accommodation for three narrow-gauge and two mixed-gauge 
lines, together with up and down platforms, the arrangement 
being shown in the transverse section, Fig.4. By removing the 
platform, however, room would be provided for three additional 
narrow-gauge lines, if these should be required. ‘The old bridge 
carries two lines of rails. 

An elevation of one of the arched ribs, with its spandril filling 
and horizontal girder, is shown in Fig. 3. The rib is 3ft. 4 in. 
deep between flanges, from the springing to within. a short 
distance of the crown, where it is joined by the -horizontal 
girder, which merges into it, making the depth between flanges 
at the centre 4ft. 6in. The web of the arched rib is formed of 
fin. plates, stiffened by Gin. by 4in. by 4in. T-irons, and 
Saitek to the flanges by 4 in. by 4in. by in. angle irons. The 
flanges are 1 ft. 6 in. wide, the bottom flange being composed of 
three zin. plates at the springing, and gradually. increasing 
in thickness to six }in. plates at the centre of the span, as 
shown in the section, Fig. 5. The rib nearest the old_ bridge, 
however, has been made rather lighter than the others. 

The horizontal girder is 4 ft. 6 in. deep between flanges, and 
these latter are 1 ft. 6in. wide. ‘The web plates vary in thick- 
ness, from fin. at the centre of the spaa to 4 in. over the piers, 
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and, like those of the arched rib, they are supported at the joints 
by 6 in. by 4 in. by Sin. T irons. The connexion between the 
flanges and web is made by 4in. by 4 in. by { in. angle irons, 
and the former vary in thickness from six 4 in. plates at the 
centre of the span to one 3 plate over the piers. The horizontal 
girders of the different spans are all rivetted together, so as to 
form a continuous girder from end to end of the bridge, a dis- 
tance of 912 ft. 

The spandril fillings are arranged as shown in Fig. 3, the 
sloping struts connecting the arched and horizontal ribs being 
rm a of plates and angle-irons, of the following dimensions, 
the first strut being considered to be that nearest the pier: 

Ist, 2nd, & 3rd struts—plate 9” x4” & two T-irons 6" x4" x 4" 
8" x ” 






4th, 5th, & 6th ” ” ” 6"x4"x }h" 
7th, 8th, & 9th ” ” 74" x4" * 6"x4" xh" 
10th, 11th, & 12th,, » oc xer i 6"x4"x I» 
13th and 14th 6” xe” "x4a"xi" 


” ” bl 

In the case of the face rib these struts are connected at tue 
middle of their height by a horizontal member composed of # 
plate 9 in. by }in., two plates each Gin. by 4in., and two T- 
irons, exch 6 in. by 4in. by din. In the inner ribs this connect- 
ing member is omitted. 

The arched ribs are connected together by cross bracing at 
eight points in their length, the connecting girders being 3 ft. 
3fin. deep, with web plates din. thick, and top and bottom 
flanges, each formed of two angle-irons 4in, by 4in. by } in. 
Angle-irons of the same size are also used to connect the cross 
girders with the main ribs. _ Besides these cross girders between 
the ribs, diagonal bracing, composed of bars 4in. by {in., is 
also applied in the spandrils between the arched ribs and the 
horizontal girders ; and under the up platform, where the arched 
ribs are 22 ft. 4in. apart from centre to centre ; vertical struts, 
each composed of a plate 8in. by 4 in., and two T-irons, 6 in. 
by 4 in. by 4in., are placed between the transverse girders con- 
necting the arched ribs and those connecting the horizontal 
girders, as shown in the cross section, Fig. 4. 

The cross girders carrying the roadway are placed at a dis- 
tance of 6.309 ft. apart, and are solid beams of I section, rolled by 
the Butterley Company. They are 12 in. deep, and have top and 
bottom flanges 64in. wide. Between these there are placed 
longitudinal beams of a similar kind, but 9 in. deep, and upon 
these are bolted the longitudinal timbers on which the rails rest. 
The space between the rails is laid with 4 in. longitudinal 
planking. The connexion between the main girders and the 
cross beams is made by angle pieces 7 in. by 7 in. by } in, placed 
on each side and on the top of the latter, and also by other angle- 
pieces beneath. The up platform is formed of 3 in. planking, 
supported by 10in. by 3 in. longitudinal beams, these resting 
upon the iron cross beams, 12 in. deep, 

We gave last week the details of the testing of the bridge, but 
it will be convenient if we repeat it here, together with a state- 
ment of the quantities of the materials used. When tested by 
Captain Rich, one of the Inspectors of the Board of Trade, by 
placing on it eight of the heaviest engines of the London, Chat- 
ham, and Dover Railway Company, the following results were 
obtained: maximum deflection of loaded ribs of 175 ft. span, 
Zin.; simultaneous rise of corresponding ribs of next spans, 
4 in. ; deflection of adjacent unloaded rib (partly caused by,the 
vertical bracing between the ribs and partly by the stiffness of the 
platform), }in.; deflection of girders of 70 ft. span, forming land 
opening, fin. The principal materials employed in the widening 
have been— 

8,200 cubic yards of concrete. 

13,800 ,, ~ brickwork. 
90,000 ,, feet of masonry. 

284,000 ,,  ,, timber in temporary staging platforms. , 
40,000 4, 

760 tous of cast iron. 
3,600 ,, wrought iron, 
As we have already stated, Sir Charles Fox and Sons are ths 

engineers to the work, whilst Mr. Edmund Wragge is the resi- 
eut engineer, and Messrs. Peto and Betts the contractors, their 
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representative being Mr. Curry. The ironwork was supplied 
and erected by Messrs. Ormerod, Grierson and Co., of Man- 
chester, and the cost of the new work, which will render the 
Victoria-bridge the widest railway bridge in the world, will be 
defrayed by the London, Brighton and South Coast and the 
London, Chatham and Dover Railway Companies conjointly. 














BARYTIC GUNPOWDER. 

Ar the recent meeting of the British Association, Mr. Vignoles, 
C.E., F.R.S., read the following paper on Barytic Gunpowder 
for Heavy Ordnance. 

This particular kind of powder has been much experi- 
mented upen, both in Belgium and in France, with a view to 
counteract the injurious effect which is produced when large 
charges of ure used in heavy ordnance. ‘The principle on 
which this barytic powder is compounded is simply that of sub- 
stituting nitrate of barytes in the composition of the gunpowder, 
instead of saltpetre, in cert.in proportions, the consequence 
being that the powder, when ignited, consumes more slowly, and 
the gases are developed less rapidly, than in ordinary gunpowder, 
while the same effect is produced upon the projectile as regards 
its ultimate velocity. This lesseus the injurious effect upon the 
sides, vent, and chamber of the piece of artillery. 

Captain Wynants, in a pamphlet printed at Brussels, ob- 
serves that many attempts have been made to determine the 
effect exercised on projectiles and on the sides of pieces of 
artillery by the gases developed during the deflagration of the 
charges, but hitherto it has not been possible to determine with 
sufficient precision the mode in which powder acts when the 
gases which they produce cannot escape freely. The difficulties 
and dangers of the experiments, arising from the great vivacity 
of ordinary powder, and the almost absolute impossibility of 
ascertaining the extremely small differences in time, bave nearly 
xlways prevented the observer from sufliciently noticing these 
differences. 

The author of the paper further demonstrates that the hypothesis 
of an invariable rapidity of the combustion of powder is not admis- 
sible, and that it cannot be taken as a starting point of a theory 
as to the elect ofall or any powder. In powder consisting of 
spherical grains burnt in the open air we can conceive that the 
quantities of gases produced in equal times must decrease, 
since layers of equal thickness will burn in equal times, and 
that the surfaces of the grains of powder in ignition will 
diminish in the ratio of the squares of the diameter of these 
grains. But ina piece of artillery, since the gases generated 
cannot be dissipated as they are produced, the pressure and the 
temperature will increase in the space occupied by the powder, 
and the rapidity of combustion will no longer be uniform ; it will 
increase with the pressure and temperature, and these will vary 
with the displacement of the projectile—a series of phenomena 
dependent on each other, and forming a chain of which no link 
can be eliminated. We know tbat the rapidity of combustion of 
powder burnt under pressure is very great, and we can conceive 
that the pressure, acting on the projectile, may increase until the 
projectile has acquired within the body of the piece of artillery 
& rapidity greater than that with which the gases produced 
can follow. ‘Thus, until the projectile has attained this point, 
the gases of the powder, being generated faster than the space 
behind the projectile increases. the pressure will increase, but 
having passed this point the space behind the projectile will 
increase faster than the gases are generated, and the pressure 
will diminish. Projectiles of sufficient weight, especially for 
heavy ordnance, and having consequently a considerable mass, 
present to the effect of the gases a resistance of inertia which 
can only be overcome gradually. If the powder is very lively, 
it will have produced a large quantity of gas betore the projec- 
tile can be sensibly impelled. Thus the pressure of the gas 
(the ordinates on the diagram, m, m’, X, represent this pressure) 
will increase rapidly, and the curve of the pressures will 
rapidly ascend. Further, by this violent action the projectile will 
quickly acquire a high velocity, so that the maximum point of the 
curve of tension will nearly approach the point of initial move- 
ment, DB. If, on the contrary, the powder burns more slowly, 
the first branch of the curve is less rapidly ascendant, and the 
maximum ordinate, X, further distant trom the initial. Thus the 
whole curve will be displaced, and the parameters will be modified. 
As the work cone by the powder is measured by the surface of the 
curves having for their ordinates the amount of the successive 
pressures, different powders (represented by curves of different 
parameter) might impart to projectiles equal velocities, when- 
ever the representative curves show equivalent surfaces; but the 
reaction which these powders exercise on the sides of the piece 
of artillery will be far from being alike. The mode of action 
and the inconvenience of too rapid powders and their destruc- 
tive effects on heavy ordnance have long been known. But 
hitherto no use could be made of this crude information tor 
want of practical means fur studying and determining the 
real mechanical effect produced by the deflagration of powder ; 
but latterly the substitution of projectiles ot elongated form and 
great weight in place of simple splerical projectiles has singu 
larly modified the condition of firmg, and it was soon remarked 
that with ordinary powder, even in small charges, the new 
ordnance is subjected to strains so great as almost to reach the 
limit of resistance. It consequently became necessary to revert 
to and resume the experiments on the interior ballistic pleno- 
mena which had been instituted in ?rubsia by Capt. Neumann, 
so far back as 1853. 

The method which has been adopied for the purpose of mea- 
suring the pressure and the velocity of projectiles is extremely 
simple, A horizontal opening is drilled into the chamber be- 
hind the projectile, and a short length of a gun-barrel screwed 
into the View. Into this length of gun-barrel a smail cylindrical 
projectile Is introduced, which, under the effect of the explosion, 
Is propelled at the same instant as the projectile of the large 
piece of ordnance, and with a velocity proportioned to the time 
during which it hus been submitted to the pressure of the gus. 
If this cylinder offers, with an equal section, the same resistance 
to displacement as the large projectile, it will acquire the same 
velocity and will traverse the same space in the same time. If, 
with an equal section, its resistance to displacement is only the 
half of that of the great projectile, it will traverse in the same 


velocity. Suppose that there has been introduced into the laterai 
tube a cylinder having a weight, per square inch of section, one- 
fourth of that of the great projectile per square inch of its 
section, and that this cylinder has been driven into the lateral 
tube to a distance of 8 in. from the mouth. When the charge 
is fired, the pressure of the gases of the powder will act at the 
same time upon the large projectile and on the smaller one, but 
the latter, offering 4 of the resistance, will acquire a quadruple 
velocity, and will be withdrawn from the action of the gas after 
having passed through the space of 8 in., while the large projec- 
tile will be displaced 2 in. only. If then we measure by means 
of an electro-ballistic apparatus the initial velocity of the 
smaller cylinder, it will be sufficient to take the fourth part of 
this velocity to determine the velocity acquired by the larger 
projectile after passing 2in. along the body of the piece of 
artillery. In order that this should be absolutely true, it requires 
that throughout the whole internal areas of the chamber and of 
the piece of gun-barrel there should be exactly the same tension. 
Now this is not the case. The parts which are the furthest re- 
moved from the centre of explosion of the charge are probably 
under a less tension, and we may therefore consider that under 
the circumstances above mentioned the large projectile will 
always have a velocity somewhat greater, and the gases some- 
what more tension than those deduced from the observations of 
the velocity of the cylinders. ‘The differences between the calcu- 
lated And real velocities and tensions will be greater if the cylin- 
der is driven less deeply into the lateral gun-barrel, and conse- 
quently remains further from the centre of explosion. We must, 
therefore, not attach absolute confidence to the indications of the 
apparatus, but they may be received as sufficiently exact for 
determining the ratio between the effects of different powders, 
since the errors on the amounts to be compared being always in 
the same sense, the ratio between those amounts will not be 
sensibly altered. 

Wynants’s proof apparatus for 
comparing barytic powder with 
other kinds was adapted to a rifled 
24-pounder, and the firing tovk 
place with the regulation charge of 
lb, of ordinary powder, with a 
leaded shell weighing 66 lb. ‘Two 
cylinders were used in the lateral 
gun-barrel tube, one of 61, the 
other of 122 grains, corresponding 
respectively to a fourth and a half 
of the weight of a projectile of equal 
section. ‘The velocities acquired by 
the cylinders on their issuing from 
the lateral tube were measured by 
the electro-ballistic apparatus of 
Lieutenant Le Boulanger. The 
following are some of the result 
obtained ; Solid projectile fired from 
a 24-pounder with a 12 lb. charge 
of this barytic powder, that is to 
say, 40 per cent. of the barytic 
powder having been introduced to 
form a compound, pierced through 
an armour plate of the thickness 
ot two-thirds of an inch, while the 
same projectile, fired by a charge 
of 8 lb. of ordinary powder, already 
recognised as dangerous to the 
piece, being too heavy a charge, 
produced only sn impression of 
about halfan inch at the most upon 
the plate, while a charge of 38 Ib. 
of the same kind of barytic powder 
gave to an elongated projectile in a 
G8-powder, weighing 230 lb, a 
velocity of 1280 ft. per second. A 
similar charge of the ordinary 
powder, if any one had dared to employ it, would have given a 
velocity of only 1200 ft., supposing the initial velocities to be 
proportional to the square roots of the charges. 

On the diagram the pressures of the quick-burning powder are 
represented by one curve, and those of the slow-burning powder 
by another (fine line) curve, the ultimate velocity of each being 
the same. It further appears that the maximum of the pres. 
sure of the gases was produced when the projectile had passed 
through a space of only 2 in., when the maximum pressure was 
equal to 565 tons, and that in passing from the maximum 
pressure it diminished rapidly till the projectile reached the 
mouth of the piece, when there was only a pressure of 80 tons. 
Since that period further experiments have been made on this 
subject, which, when mentioned at the discussion in the 
Ordnance Select Committee, were considerea by one of the 
members of that committee to be impossiole to succeed. Cap- 
tain Wynants, in a letter to the author, dated the 7th of August, 


L866, says:— 








“ Permonde, 7th August, 1866. 
“Our steel 80-pounder (the only one we have) has at length 
been tried. On the supposition that for this piece we required 
very slow powder, we had the powder made at Wetteren in cubic 
grams of about three-quarters of an inch side, the edges being a 
little rounded off by the listage. ‘The composition of these cubic 
graius of powder was for one kind, the ordinary gunpowder, and 
for the other a barytic compound called ‘80 per cent.,’ that is 
to say, in which 80 per cent. of saltpetre was replaced by a 
quantity ‘chemically equivalent’ of nitrate of barytes. The 
projectile, weighing about 280 1b., fixed with a charge of 45 lb. 
of powder of the ordinary kind in cubic grains as ubove, acquired 
a velocity of 1210 ft 
“ The same charge of barytic powder in cubic grains gave the 
same velocity. 
“But finding this velocity insufficient, a velocity of 1313 ft. 
Was attained by employing powder in spherical grains of smaller 
volume, and of the ordiuary composition. It was, however, as- 
certained that with this latter powder the chamber of the piece 


closing apparatus bad suffered in its play. 
“ Some artillery officers appeared to be well satisfied with the 





time double the distance, and will have acquired twice the 


penetration obtained with tue velocity of 1313 ft., but, for my 





of ordnance had acquired an increase of its diameter, and that the | 


part, I maintain that this velocity was acquired at the price of 
the alteration of the piece and the deterioration of the chamber 
of the gun. The question is to ascertain whether with a heavier 
charge (proportionately) of barytic powder (25, for example, in- 
stead of 20) there would not have been obtained the velocity of 
1313 ft., and without injury to the piece of ordnance. The 
firings hitherto have only proved that with the barytic powder 
of 80 per cent. (and therefore very slow), and with large cubic 
grains, and with a projectile of 280 lb., a velocity still very con- 
siderable has been obtained, which a member of the Ordnance 
Committee thought to be scarcely possible. 

“IT much doubt whether the experiments which are yet to be 
made in the course of the present year will furnish very 
conclusive results from one point of view. Indeed, the piece of 
ordnance of 80 is our only one, and, as it is very costly, it is 
certain it would not be sacrificed by drilling a lateral opening 
and applying an apparatus suitable for measuring the interior 
reaction, and therefore if the piece resists we cannot ascertain 
which description of powder causes the least damage. We 
cannot then hope for trials made in this manner, and we are 
consequently driven to reason by induction. 

“Fortunately we have a fact determined last year which we 
may make use of, and this is the fact: 

“In the 24-pounder furnished with the apparatus indicative 
of the reaction, the coarse ordinary round powder (which this 
year gave a velocity of 1313 ft. to a projectile of 280 lb.) gave 
with a charge of 64 lb.— 





To the projectile of 63 Ib, a velocity of ... 1116 ft. 
And to the small lateral projectile ... we 541 ,, 
The barytic powder at 30 per cent. gave with 

a charge of 8 lb. to the 63 1b. projectile ... 1182 ft. 
To the small lateral projectile ese wo G17, 





From which we may infer that the reactions on the piece are 





x 





in the proportion of 541? | to 517 | 4, or as 32 to 27. Thus in 
the 24-pounder the barytic powder (in grains of from ? to } of 
an inch) gave a greater velocity to the projectile with less re- 
xction on the piece than the ordinary powder in grains of from 
} to z inch. 
‘* It is, therefore, infinitely probable that by increasing in the 
80 lb. piece the charge of barytic powder we should obtain for 
the projectile equal or higher velocities with less injurious 
effects. y 
*‘T repeat that that cannot be demonstrated strictly without 
making use of a special apparatus. I shall be extremely 
obliged to you for bringing this subject’ before General Lefroy, 
who so perfectly understood the germ of the question.” 
These are the practical results of the experiments that have 
been made on this subject, and such is the state in which the 
question remains at present. It is generally admitted that it is 
extremely desirable that the combustion of the powder in the 
cannon should be reduced, in consequence of the quick burning 
of the powder developing the gas so very rapidly, and producing 
very injurious effects on the interior of the guns. Nitrate of 
barytes has been used in the instances above referred to, but 
there are many other substances that might be employed for the 
same end. The general result that is to be deduced from these 
experiments is, that we have to choose between imparting a 
higher degree of velocity to the projectile, at the risk of damag- 
ing the piece more rapidly and more considerably,-or confining 
our attention to the American plan of projecting heavier shot at 
a lower velocity. The preponderating feeling in the minds of 
English engineers and artillerists, and particularly of sailors, is 
for a higher degree of velocity with a smaller weight of shot. 
The question is an exceedingly interesting one, and has excited con- 
siderable attention both in Belgium and in France, as it has done 
in Prussia and America. If these experiments could be continued, 
we should obtain some very usetul information on the subject. 
Professor Abel remarked that gunpowder could be made 
| quick or slow burning without the use of barytes, which had 
| been found objectionable on account of its fouling properties. 
The quality of gunpowder can be altered at will by sub- 

| jecting it to a different treatment in the manfacture without 
its being necessary to add chemical components to it which are 
otherwise objectionable, 
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BRICK ROOFS. 


In India wooden trussed roofs are unsafe, inasmuch 
as they are almost certain to be destroyed by white 
ants. Iron-trussed roofs, covered with galvanised or 
zine plates, are costly, and the galvanised plates re- 
quire frequent painting to preserve them from rapidly 
rusting through. Mr. William Clark, the engineer to 
the municipality of Calcutta, determined, therefore, 
more than seven years ago, to make roofs of bricks, 
turned upon arches of moderate rise, the thrust being 
taken by iron-plate bands tied by round iron tie-rods. 
He has already made roofs upon this plan, covering, 
in all, many acres of buildings, in spans ‘of from 20 ft. 
to 42 ft., and the roof of the boiler-house for the new 
waterworks of Calcutta is to be made in the same 
manner, with a span of 50 ft. We may state at once, 
as regarding the question of cost, which is, perhaps, 
the first question in such cases, that the Calcutta 
bricks are made at about 20s. per thousand, and that 
they are somewhat larger than English bricks. The 
size employed by Mr. Clark was fixed upon after he 
had observed that the native bricklayers always take 
up a brick—no matter how small—with both hands. 
Te Caleutta size is now 10 in. by 43 in. by 3 in., and 
it is 1000 of these large bricks that now cost 20s., 
while 3/. will pay, there, for 100 cubic feet of brick- 
work when laid. 

Mr. Clark had occasion, five years ago, to erect a 
blacksmith’s shop, which is 40 ft. wide inside the walls, 
aud nearly 140 ft. long. With walls but 20 in. thick, 
he turned an arched roof, of about 6 ft. rise, with two 
riugs of bricks, the total thickness being 10 in. 
We shall, in a following number, give sections of this 
roof, showing the tie-rods, &c., but we believe that the 
idea may be fully understood from the present general 
description. The plate-bands and tie-rods being 
adjusted for a short length of the roof, the centres were 
set up, and the bricks laid, for a short distance along 
the length, when the centres wére struck and ex- 
tended to, or rather set up anew, for a further portion. 
In a building erected seven years ago, over some dis- 
used potters’ kilns, the walls settled considerably, but 
the brick-arched roof, made as described, did not crack, 
although it went down bedily, but irregularly, with the 
walls. In the case of the blacksmith’s shop already 
noticed, the walls were started over the cavity of an 
old tank, and they settled, together with the roof, 
several inches, without cracking the latter. The cost 
of these roofs, at the present cost of Calcutta bricks, 
is, we understand, 18d. only per square foot, and, we 
are referring here to roofs of two rings or 10in. 
thickness. With a covering of “terracing” they are 
perfectly tight, and are comparatively cool. Mr. Clark 
a made ventilators of large size in them, without 
sensibly impairing their strength. There is much to 
be said in favour of this ‘construction of roofs in the 
East, and we trust that the success with which Mr. Clark 
has carried it out in so many buildings will induce its 


. trial by Government for some of their military buildings 


in India. 








THE ALLEN ENGINE. 

Ir is now upwards of four years since Mr. Charles 
T. Porter introduced from America the engine named 
from one of his workmen, Allen, who designed the pecu- 
liar valve gear by which it is known. The first Allen 
engine was made in New York, and set up to drive 
the weaving machinery in the Western Annexe of the 
International Exhibition, where its high speed, quiet 
working, and especially the perfection of the indicator 
diagrams which Mr. Porter took from it, and gave to 
whoever applied for them, attracted very general at- 
tention. We do not now propose to describe the de- 
tailed construction of engines of the Allen variety, 
nor could we do so without illustrations ; but we hope 
to be in a position, within a few weeks, to supply these 
from the working drawings of the Whitworth Com- 
pany, of Manchester, who have now “ taken up” the 
engine as an article of manufacture. 

We may say, generally, however, that the Allen 
engine has separate induction and exhaust valves, the 
latter so set as always to release the steam at about 
eleven-twelfths of the stroke, while the former are 
controlled by the governor, so as to cut off at any 
0int between one-twentieth anc about one-half stroke. 
™ these respects the distribution of the steam is gene- 
rally the same, although accomplished by different 
means, as in the Corliss engine, of which we have 
already given very full descriptions. But while 
the original Corliss valve gear did not admit of speeds 
greater than about sixty revolutions per minute, the 
detent apparatus frequently failing to act at higher 
speeds, the valve-gear of the Allen engine is equally 
effective and certain of action at all speeds ever re- 


! quired in the working of steam-engines. Mr. Spencer’s 
improvements upon the Corliss engine enable it to 
work with certainty at speeds considerably above the 
highest reached by Corliss himself; but even with these 
improvements, the limit is about one hundred revolu- 
tions, and not more than seventy-five is, we believe, 
recommended in ordinary practice. The Allen engine, 
on the other hand, is especially designed for high 
speed, that in the Exhibition of 1862, and which was 
afterwards purchased and worked by Messrs. Easton, 
Amos, and Sons, having been run regularly at 150 re- 
volutions, which, with a 2 ft. stroke, gives 600 ft. of 
piston per minute, and this speed of piston is the 
minimum adopted by Mr. Porter. High speed is a 
question of construction, and it is to the wearing parts 
of the Allen engine that the patentee has given, 
perhaps, most attention. He prefers the horizontal 
engine to all other forms ; the bearing of the piston in 
the cylinder, the cross-head bearings, and the main 
journals are all long and large, and none can doubt 
that, with the workmanship for which Mr. Whitworth 
is everywhere famous, they and all other parts of the 
engine will be finished in the best possible manner, 
and so as to secure the greatest durability. 

The construction of the Allen engine had been 
begun by Messrs. Ormerod, Grierson, and Co., of 
Manchester, but the operations of that firm have been 
interrupted within the last few months, and they have, 
we believe, given up all steam-engine work. They 
had built a few engines upon the Allen principle, one 
for Messrs. Evan Leigh and Co., one for the Portu- 
guese Exhibition at Oporto, and others besides, and 
all these, we believe, have given excellent results, and 
have fully established the correctness of the mode of 
working steam which Mr. Porter has adopted. We 
understand that, before Mr. Whitworth decided to 
enter upon the construction cf these engines, their 
plans were submitted to Mr. Penn, and that they met 
with his entire approval, a fact which must, we think, 
induce other engineers to examine still more fully than 
they may have yet done the construction and working 
of the Allen engine. 








ENGINEERING WORKS IN CALCUTTA. 


Tue commerce of Calcutta has doubled since the 
mutiny, yet there is not, even now, a wharf, a slip, or 
a crane worthy of the name on the banks of the 
Hoogiily. The city and its immediate suburbs now 
number a population considerably exceeding half a 
million, yet there are as yet no waterworks, and the 
drainage works are only in course of execution. ‘The 
drainage scheme now being carried out, from the plans 
of Mr. William Clark, C.E., at a cost of 800,0002., in- 
cludes an extensive system of pumping the sewage by 
engines and reciprocating pumps made by Messrs. 
Easton, Amos, and Sons, although at present the sewage 
is pumped by centrifugal pumps and engines by Messrs, 
Gwynne and Co. The waterworks, just let to Messrs. 
Brassey, Wythes, Jolin Aird, and Co., will cost half a 
million. Water will be pumped from the Hooghly, a 
few miles above Calcutta, by engines to be made by 
Messrs. James Watt and Co., and, after being retained 
for thirty-six hours in settling-tanks, will be distributed 
over the city. The water of the Hooghly contains, as 
nearly as may be, one cubic inch of solid matter in 
each cubic foot, and hence the necessity for complete 
precipitation. The River Improvement Trust, whose 
powers have been obtained within the last six months, 
have an undertaking involving, when completed, an 
outlay of one and a half millions, and it is considered 
certam that the necessary funds will be raised upon 
debentures to carry out a work so necessary to the 
commerce of tlie first commercial city in the Kast. It 
is uncertain whén the great bridge to connect Calcutta 
with the East Indian Railway terminus at Howrah 
will be commenced, but the time cannot be very long 
delayed. The Kast Indian Railway Company can ouly 
undertake this work with the sanction of 1:2 Govern- 
ment, and we trust that the understanding upon which 
its execution depends will be concluded as soon as 
possible. It will be above the ship navigation. 

V ithin two miles of the eastern limit of the city ex- 
tends a great marsh of forty square miles, and of which 
a large portion is now overflowed to the depth of 
2 ft. or 3 ft. at every tide. Mr. Clark, the engineer to 
the Justices of Caleutta, has made a plan of, and re- 
port upon, surrounding this marsh with an earthen 
embankment to keep out the tide, and for turning the 
sewage of the city over it, and reclaiming it for the 
purposes of cultivation. ‘This important work must, 
no doubt, be ultimately carried out. We may add 
that Mr. Clark, in conjunetion with Mr. W. F. Batho, of 
Birmingham, devised, nearly three years ago, a steam- 


roller for rolling the roads of Calcutta. . This machine, 








made by Mr. Thomas Worsdell, of Birmingham, weighs 
about 15 tons, and, although it has not been in regular 
use, it promises, when fairly put to work, to render 
excellent service. In point of priority, it deserves to 
rank above the Paris steam-rollers noticed in our last 
number. 








PURE WATER. 
To THe Eprror or ENGINEERING. 


Sir,—In these cholera times a plentiful supply of pure water 
is of the last importance to alllarge towns. ‘There must always 
be more or Jess of doubt and uncertainty about the remote 
causes of this plague. There is probably a great deal in the 
American theory, that it is a portable, transferable thing, most 
likely to be either a miasm or swarm of microscopic life, and is 
invariably carried westward, across continents and oceans, by 
atmospheric waves; but there can be no doubt that overcrowd- 
ing and want of cleanliness invite its presence and facilitate its 
dread ravages. Among the immediate causes cf cholera and of 
pestilence in every form is drinking impure water, especially 
water that has been rendered foul through the presence of de- 
cayed organic matter, as has been lately shown by Dr. Letheby, 
the medical officer of health for the City of London, dead and 
decomposing matter in the soil being converted into carbonic 
acid and nitre by the process of oxidation, and, where the sur- 
rounding soil is badly protected, are absorbed by the well or 
river, causing the water to become bright, sparkling, and cool, 
so that it is for these qualities the more readily used, to the 
— of those who drink it, without being either boiled or 
filtered. 

By the investigations made by Dr. Letheby into the state of 
the pump wells of London during the past five years, the saline 
and organic matter contained in the water ranged from 26.63 
grains to 129.73 grains, according to the protected state of the 
soil and the proximity of the weil to neighbouring cesspools and 
graveyards. The mortality in such districts varied in propor- 
tion to the consumption of the most impure water. This shows 
that cholera is local as well as atmospheric, and if further proof 
were wanting of the influence of local causes in producing 
cholera, we should find it in the mortality of those districts in 
London—Bethnal-green, Poplar, Bow, &¢.—which are supplied 
with water from the Old Ford reservoirs of the East London 
Company, and the comparative, if not entire, immunity enjoyed 
by those districts which receive their water from above Tedding- 
ton Lock and from the filter-beds at Lea Bridge of the East 
London Company. 

It has been hitherto a very generally received opinion that the 
water of tidal rivers, such as the Thames and the Mersey, must 
of necessity be pure after it has undergone the usual process at 
the waterworks. The experience of the last cholera season 
ought to have dissipated such a notion. The Thames havin 
now undergone some purification, the water is much less fou 
than it has ever been, and consequently the districts of North, 
South, and West London, which use the water drawn from the 
Thames and New River, are comparatively healthy, although in 
former times they were ravaged by cholera. 

All this shows the great importance of drawing the water 
supply for our large towns and cities from a country district, 
far from fetid cesspools and the exudations of graveyards, 
For it is far from being impossible that the water of the district 
in which cholera may settle may itself be in some way affected 
by the plague. One thing we know, that this pestilence, unlike 
the rinderpest, does not choose the country for its ravages. 
We do not, as a rule, find it visiting any of the beautiful rural 
districts, and decimating the country population. It is in towns 
where imperfect sanitary arrangements are made, and bad water 
has too often to be drunk, that its greatest ravages are made. 
‘‘ Health committees” have had too much an eye to public 
economy in this matter, and instead of drawing water from 
some distant lake, embosomed among mountains, they choose 
rather, on the score of economy, to avail themselves of such 
means as may be at hand—pump-wells and the river, into 
which ten thousand cesspools may empty themselves day after 
day. Glasgow obtains its water from Loch Katrine, and 
Liverpool is endeavouring to get its supply from the Bala Lake. 
The latter scheme may possibly be thwarted by some members 
of the Liverpool Water Committee who conceive that Rivington 
might be made to yield more than it has done. There could 
be no possible objection to the Rivington water in regard to its 
se But a large supply, such as might easily be obtained from 

ala Lake, would render Liverpool independent of the wells, 
many of which, like those of London, are no doubt rendered 
impure by the presence of decomposed organic matter which has 
percolated through the walls from the surrounding soil. 

That the plan of bringing water from a considerable distance 
is one of difficulty, both as regards the engineering and 
the town which has to pay for it, cannot be denied. But 
when the advantages to be gained are so great and so obvious, 
why should mere expenditure or the employment of great engi- 
neering skill be allowed to stand in the way? Dublin has for a 
length of time suffered from a bad supply of water. Now, 
however, the corporation, regardless of expense, are erecting 
new waterworks at the river Vurtry, from which river a large 
and continuous supply can be obtained. The engineering diffi- 
culties have been very great, the principal of which has been 
the cutting of a tunnel 5 ft. in height by 3 ft. in width, for the 
purpose of conveying the water out of the great reservoir for 
about three miles until it flows into the 33in. metal piping, out 
of which it is discharged into the reservoirs at Stillorgan. In 
the formation of this tunnel some twenty shatts have Lad to be 
sunk, and partly through stone of a most unkindly nature. How- 
ever, the works, wien completed, will amply repay all tue money 
and labour which have been expended on them, ‘The main re- 
servoir is capable of holding 2,000,000,000 gallons of water, 
equal to a 200 day’s supply at the rate of 10,000,000 gallons 
per day. The example of the Dublin Corporation is worthy ot 
the imitation of London, Liverpool, and many other places which 
are badly supplied with this most essential element to buman 
lite, and 1 trust it will be followed. 

S. B. Loupon. 


Liverpool, August 29, 1866. 


i 
4 
fi 


(27S ee ST ES. ~ er? 





ENGINEERING. {Aueust 31, 1866. 
ENGINES OF THE STEAMSHIPS PEREIRE AND VILLE DE PARIS. 800 H.P 
CONSTRUCTED BY MESSRS. ROBERT NAPIER AND SONS, GLASGOW. 

(For Description, see Page 156.) 
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THE BRITISH ASSOCIATION. 


In a number of instances the British Association for 
the Advancement of Science has, by grants of money 
and otherwise, directly encouraged scientific researches 
of real importance. It has, too, become a popular 
institution, and it has, no doubt, greatly popularised 
useful, as distinguished from merely speculative, 
science. Its annual gatherings have even become 
fashionable, and however professional men may take 
exception to fashionable agencies for the advance- 
ment of science, we believe there can be no 
doubt that it is much in favour of science 
when it becomes the fashion to listen to its professors, 
even if it go so far as to tolerate the pretensions of 
those who take advantage of every opportunity of ad- 
vertising their more or less remote relationship to 
scientilic progress. We by no means wish to 
disparage the British Association as a body when we 
say that, in the Section of Mechanical Science at least, 
it is systematically turned to account, not only as a 
vehicle for the crotchets of incompetent men, but also 
as a great advertising medium. Where we have one 
Professor Rankine, who, cox amore, brings to the yearly 
meetings the results of careful abstract or experimental 
investigations of real promise, we have a dozen quasi 
philosophers, who, with just as lively an interest in what, 
according to their own notions, constitutes true science, 
contrive to bore their audiences with dreary and un- 
profitable lucubrations, or to amuse them with lively 
propositions to cover ships of war with paper armour, 
to raise heavy weights by the swelling of peas soaked 
in water, or to construct all fleets, present and future, 
after the so called “ Assam type.” But besides this 
class of gentlemen, we have the flourishing fraternity 
of patentees and manufacturers, who, even before their 
“ papers” have been read, or even received by the secre- 
taries of the “ Section,” have them printed, iz extenso, 
with prices, testimonials, references, and ex parte 
statements of the most reassuring character, for 
general distribution among “the trade” and gentle- 
men whose names are taken from the Directory, and 
who are considered eligible as customers. We have a 
few “papers” now before us, lately read at the Not- 
tingham meeting, and yet utilised from the beginning 
in this very way. We do not exactly complain of this, 
for we do not wish to maintain that the advertisement 
of a ne invention necessarily does harm—al- 
though it may mislead, to their cost, those who listen 
to it under the impression that it is the disinterested 
promulgation of a competent scientific authority. 

If the opportunities which the Association affords 
are abused, it is for this reason, to wit—that, in the 
first place, the only condition of membership is the 
payment of a prescribed admission-fee to its meetings, 
and, second, that “ papers” are received and read, ap- 
parently without any selection or principle of exclusion. 
in the latter respect we may have mistaken, and we 
ay to no positive knowledge upon the subject, 
but, so far as we can see, the selection, if there be any, 
is not age in competent hands. It is within our 
knowledge that: pushing manufacturers and patentees 
are in the habit of saying—perhaps a day or two before 
the opening of the meetings—“ Oh, 1 must send in a 

“paper,” to-night, about my smoke-burner,” or chaff- 





cutter, or kitchen pump, as the case may be, and that 
these “‘ papers” are duly received and read. 

The greatest discovery that was ever first given to 
the world by the British Association was that of Mr. 
Bessemer, whose paper, read at the Cheltenham meet- 
ing ten years ago, took the metallurgical world by 
storm. It was at the pressing solicitation of the late 
George Rennie that Mr. Bessemer consented to pre- 
pare Tis paper, but it needed no British Association to 
announce such a discovery as his. The process, however, 
was then hardly advanced to even its questionable stage, 
although some remarkable results had been produced 
by it, and, were every new invention to be selected for 
special explanation in the same manner, the meetings 
of the Association would need to be extended from the 
middle of August to Christmas, and without much 
promise of useful result. 

In Section G, to which we chiefly look for papers of 
value to our own profession, the list this year is un- 
satisfactory. Mr. Mushet’s paper was rather the 
statement of a grievance than a contribution to science, 
and Lord Wrottesley censured him for having sent it ; 
Mr. Carrett’s was an unmistakeable advertisement of a 
machine already well known, and of which he is the 
maker; Mr. Ingle’s was a kindred annonce ; Mr. Fell’s 
was one which would have been welcomed two years 
ago at the Institution of Civil Engineers, but its sub- 
ject has already been worn almost threadbare, and it 
now needs the additional light to be derived from the 
working of the Mont Cenis Railway; and in other 

apers there was a lack of novelty or probable value. 
Soon these we except Professor Rankine’s report and 
Captain Noble’s paper, the one upon the resistance to 
floating and immersed bodies in motion, the other upon 
the penetration of ships’ armour by projectiles. Mr. 
Dauglish’s paper on counterbalancing winding engines 
was also a good practicable paper, but it would have 
been more in place had it been read to the Mechanical 
Engineers at Siethingheds. Mr. Viguoles’s paper was 
also of interest. But what shall we say of Sir Edward 
Belcher’s on lifting great weights by the swelling of 
peas soaked in water? Mr. N. P. Burgh, too, had a 
paper on the list, but the section was spared the read- 
ing of it. 

If it be really intended that the British Association, 
so far as the advancement of mechanical science is con- 
cerned, shall take a respectable position, it must commit 
its affairs to gentlemen who can bring together more, 
and more novel and useful, material than that which has 
come forth at Nottingham. We may add that we have 
been pleased to see, since the above was written, that 
Mr. Vignolés, in concluding the business of Section G, 
expressed the hope that at future meetings manufac- 
turers who had made trifling improvements would not 
make use of the Association for the purpose of adver- 
tising them. 


MR. BESSEMER AT THE BRITISH 
ASSOCIATION. 


Tue reading of Mr. Mushet’s paper “ On the Treat- 
ment of Melted Cast Iron by the Pneumatic Process,” 
as published in our last number, page 142, took place 
at the St. George’s Hall, Nottingham, on Saturday 
last. This paper having, in the absence of the author, 
been read by Mr. Le Neve Foster, the secretary of the 
Mechanical Section, the chairman invited Mr. Bes- 
semer to take part in the discussion. Mr. Bessemer, 
who was received with loud and prolonged cheering, 
then addressed the section. Referring to Mr. Mushet’s 
statement, that, although Mr. Mushet had no legal 
claim, he had a moral claim upon all those who have 
been benefited by the Bessemer process, Mr. Bes- 
semer declared that he was one of those who looked 
upon a moral as much greater than a legal claim. Mr. 
Mushet, however, had neither legal nor moral claims 
against him. 

In the year 1839, Josiah Marshall Heath had 
patented the application of metallic manganese to the 
manufacture of steel, and the use of this metal, or 
rather the application of oxide of manganese mixed 


with coal-tar or other hydro-carbons which were ca- 


pable of reducing the manganese to its metallic state 
in the steel crucible, was since then universally adopted 
in the steel manufacture, both iu Sheffield and else- 
where. So universally known was the use of mahga- 
nese for steel-making, and so important was the same 
for success in that manufacture, that it was gene- 
rally acknowledged to be impossible to make good cast 
steel without it. As a proof of that fact, Mr. Bessemer 
read the following passage from the Mining Journal, 
of 1853: “I ama steel-maker, and I deny that cast 
“ steel was ever made with the addition of carbon and 
“ manganese, or carburet of manganese, previously to 





“* Mr. Heath’s invention, and I confidently assert that 
“no steel-maker can now carry on his business to 
“ profit without the aid of carburet of manganese... . 
“There are a hundred methods of improving steel 
“ with manganese. . . . Put the carbon and manganese 
“ into the steel pot in any form you please, and at any 
“time you like, and the improvement is unerringly 
“ effected.” 

‘This having been published three years prior to Mr. 
Mushet’s first patent, and it being also well known 
that spiegel-eisen had been in common use for steel- 
making in Germany—works for making steel from 
malleable iron and spiegel-eisen having been erected 
in Westphalia fifteen years ago—Mr. Mushet’s so- 
called invention contained no novelty, and his patent 
had neither value nor validity. 

The addition of any kind of cast iron had, moreover, 
been anticipated by Mr. Bessemer in his patent of 
1855, No. 2321, the specification of which contains 
the following passage: ‘* If too much carbon has been 
“ driven off, an addition may be made of some melted 
“iron from the finery or cupola furnace.” 

Another patent of Mr. Bessemer, dated May 31, 
1856, ¢.e., three months before Mr. Mushet’s first 
patent, contains the following paragraph: ‘In the 
* treatment of different irons by the process of forcing 
“ atmospheric or other oxygen therein, it will be found 
“ advautageous in some cases to use such fluxes as 
“ will best act upon the different bases associated with 
“the iron. In this way small quantities of lime, 
* silica, or aluminia may be added with advantage ; 
“and so in like manner chloride of sodium, iron 
** scales, oxide of manganese, and other salts or fluxes 
“‘ may be used to assist in the separation of the im- 
“ purities contained in the crude metal, as have befure 
** been used for like purposes, and the application of the 
“same is not claimed by me under the present letters 
“patent... . [am aware that zine, copper, silver, and 
“ other metals have before been combmed with iron, 
* and steel otherwise manufactured ; | therefore make 
* no general claim thereto.” 

Mr. Mushet, far from being desirous to assist Mr. 
Bessemer in carrying out his invention, had combined 
with the proprietors of a patent taken out by Mr. 
Martien, who, at that time, intended to dispute the 
validity of Mr. Bessemer’s patents. What Mr. 
Mushet had done was not to point out a new improve- 
ment upon the Bessemer process, but he had simply 
attempted to debar Mr. Bessemer from the use of a 
well-known useful substance, the application of which 
was known, and open to every steel manufacturer in 
the world, and essential for the commercial success of 
his process, as well as to any other method of producing 
cast steel. 

Mr. Bessemer, therefore, when invited to take a 
license from Mr. Mushet, refused to do so, and ina 
personal interview read to Mr. Mushet’s partner the 
passages above quoted, and the specification of Heath. 
This so far convinced that gentleman that no notice, 
legal or otherwise, was ever given to Mr. Bessemer 
to discontinue the use of manganese—a fact from 
which it may be inferred how little reliance Mr. 
Mushet or his partner placed in the validity of his 
claims. Having, by this recapitulation of facts, dis- 
oe Mr. Mushet’s assertion of moral claims against 
iim, Mr. Bessemer, at the request of the president, 
proceeded to describe the recent improvements made 
in his process, and the rapid spread of this great in- 
vention over all civilized countries. He then, in answer 
to some questions of Mr. Bell, with regard to the 
possibility of using Cleveland iron or other metals con- 
taining considerable quantities of phosphorus, said that 
iron containing sulphur and phosphorus could not bu 
successfully worked in the Gmaes process, or, at 
least, did not produce steel of good quality. He 
thought, however, that ironmasters had a variety of 
means in their own hands to improve the quality of 
their iron. By selecting limestone free from animal 
matter they would keep out a considerable quantity of 
phosphorus, by washing their coal at an expense of 
perhaps two or three shillings per ton of iron produced 
they would remove the pas ah and increase the market 
price of their iron by nearly as many pounds, A care- 
ful selection and mixture of ores, and above all the 
omission of the “ cinders” in the charge of the blast 
furnace, would bring many more brands of iron within 
the range of applicability to the Bessemer process than 
are at present used for this purpose. Lord Wrottesley, 
as one of the oldest members of the association, 
strongly censured Mr. Mushet for having in his paper 
brought before this section matters of a personal 
controversy, since the contributions to the association 
should deal only with scientific facts and matters of a 
purely scientific character. 
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MONITORS AND GREAT GUNS. 
To tugz Epiror or ENGINEERING. 

Sre,—In your number of August 17th there appeared 
a criticism from Mr. Bourne’s “ Friend in America,” 
who finds my tables of Broadsides v. Monitors (page 
334, vol. i.) to be “ far from correct.” He has, 1 think, 
made objections which are likely to mislead your readers 
as regards the real facts of the case. 

He first refutes the assertion that the Ericsson 
turret is liable to jam, yet he allows that some 
“ trifling difficulty” was experienced during the attack 
upon Charleston; he also adds that “not even then 
“were the guns prevented from doing their full 
“duty.” Ifanything like the real truth ever came 
over to England, the fleet was very much disabled, 
and the turrets of several monitors were at least 
temporarily jammed. The Passaic had her turret 
completely bent in and disabled from its jamming. 
The Nantucket had hers stuck twice, also the Wee- 
hawken’s turrets worked with great difficulty, and 
stuck several times. Yet the guns, says our critic, 
were not even “ prevented from doing their full duty.” 
This, when we look at the duty they performed on 
Fort Sumter, gives one but a small idea of the power 
of the 15-in. gun at from 600 to 700 yards range. 

The assertion that the monitors were “not handy” 
was not made with reference to the American turret 
ships in particular, but it is evident that, on account of 
the readiness with which the guns are pointed by the 
turrets, the tendency is to make those vessels long for 
speed, and hence unhandy, while in the broadside 
system the tendency is to make them as handy as 
possible. ; . 

The supposition that one turret might be jammed 
with the guns pointing towards the other is certainly 
not well worded in the table, for the direction is not 
necessarily exactly towards the other turret, but 2o¢ 
away trom it ; even broadside on, the turret would form 
a very effectual protection to a large part of the deck. 

The assertion that the American monitors, being low 
in the water, might be run over by our higher broad- 
sides is said to break down entirely, but how it does 
so we are not informed. He supposes that the com- 
mander of the Dictator would turn her ram against her 
enemy and sink it, but, as is admirably put in one of 
your articles on the subject, in a naval battle one 
monitor might be assailed by several broadsides and 
have no choice but to be rammed at by one or 
other of them. It is also curious that in the celebrated 
fight between the Monitor and the Merrimac the former 
got rammed by the latter without having a chance of 
returning the blow. The deck of the Dictator is but 
18 in. above the water level, and the sea washes right 
over, and the same swell that partially submerged the 
deck might raise the beak of the Pallas above it. 

The objection that the guns cannot be very much 
depressed refers more to the Coles system than the 
Eriesson. The objection would certainly strike an 
American whose notion of turret-gun practice is 
limited to the firing of spherical shot which will not 
penetrate water. ‘This power belongs to rifled shot 
alone, and that this has been seriously contemplated is 
shown by the fact that experiments were instituted to 
ascertain the penetrative power of rifled shot under 
water, In this it was demonstrated that a 24 1b. rifled 
shot fired with a 24 1b. charge would penetrate $ in. of 
solid oak 6 ft. under water, the shots also penetrated 
an average of 16 ft. of mud which happened to be at 
the bottom of the water. The < was 7° depression. 
A 7in. B. L. gun sent a 1101b. shot under water, 
with 12 1b. powder as charge, through six $ in. plates 
rivetted together and 13in. cf oak. ‘Tables have also 
been compiled for the proper reduction of charge for 
different degrees of depression, as it was found that the 
full charge often dismounted the gun, or did the car- 


riage considerable damage, even at slight degrees of 


cle 


ression, 
My assertion that a large hole is eut in the deck is 
quite true as regards the Coles system, and that ow 
critic should have appropriated this for the Ericsson 
shows a want of proper attention on his part to the 
original ; for it will be seen that in the second table, by 
the side of this objection in the Coles, the advantage 
of a small hole in the Ericsson is put in juxtaposition. 

The writer surely does not wish to prove that shal- 
lowness is no disadvantage as regards the strength of 
avessel. The Dictator, “ considered as a girder,” has 
certainly a very strong top flange, but next to no 
lower one. It has not even a double iron bottom, 
which was deemed necessary in the Bellerophon, a 


much deeper ship. The inner planking cannot be con- 


sidered as affording any strength, as before much strain 
came on it the iron in the hull would be nearly useless. 


To finish, the table as then compiled gave the impres- 
sion of the time, but, of course, smce then many 
things have happened to modify it. For example, sea- 
worthiness has been nearly proved, and speed and 
handiness have been combined in the Daleousies, 
qualities which a short time ago were considerable 
incompatible. 
Yours respectfully, 

London, August 28. af 








THE BELLEROPHON. 
To rue Epiror or ENGINEERING. 

Sir,—Public attention is now earnestly directed to 
the construction of our iron-clad ships of war, and, as 
a prominent example of this class of vessel, the Belle- 
vophon has recently been brought forward, and the re- 
sults of her trial performances at Stokes Bay on Fri- 
day, the 17th inst., having been referred to in terms of 
exultation, but which, nevertheless, appear to me de- 
lusive, I would submit that the matter orev further 
investigation and exposition, with a view to preventing 
the adoption of erroneous views and practice in the 
construction of such ships. 

For the purpose of being specific on the point to 
which I now address myself, | will at once quote the 
article from Enernererine of Friday, August 24th, 
which has attracted my attention. ‘The article, after 
giving the details of the trials of the Bellerophon at 
Stokes Bay on the 17th inst., proceeds as follows : 

“As is well known, the Bellerophon was built ac- 
“ cording to the design of Mr. EK. J. Reed, who had 
“ asserted that the great length of vessels of the War- 
“ rior class was not essential to speed in an iron-clad 
“ frigate, but that the necessary speed could be ob- 
“tained in combination with moderate size and cost, 
* and with the additional advantage of increased handi- 
“ness. ‘The trials, of which we have above given some 
particulars, completely prove the soundness of these 
assertions, the Bellerophon, a vessel 300 ft. in length, 
‘ attaining a speed which was only 0.155 of a knot less 
than that of the famous Warrior, a vessel 380 ft. 
long, whilst it exceeded that of the Black Prince, a 
‘vessel of the same dimensions as the Warrior, by 
more than half a knot. We congratulate Mr. Reed 
*‘ upon his success, which is a most gratifying one.” 

Now, it has been advocated for the past twenty 
years, and I may say officially recognised, that the re- 
ative order of dynamic merit of steam-ships of diffe- 
rent types of build may (ceteris paribus) be approxi- 
mately determined from the data of displacement, 
power, and speed afforded by their trial performances, 
and whence, by a well-known formula, a numerical 
coefficient of performance is deduced for each vessel, 
the coefficients thus determined indicating the relative 
order of dynamic merit of the ships so tested; I there- 
fore now propose to place the trial performances of 
the Warrior, Black Prince, and Achilles, as officially 
reported by the Admiralty, in juxtaposition with the 
reported trial performance of the Bellerophon at Stokes 
Bay on Friday, the 17th inst. 
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Hence it appears that the Bellerophon, as compared 
with the Warrior, has a deficiency of displacement 
amounting to 1622 tons, an excess of power amount- 
ing to 931 indicated horse power, and a deficiency 
of speed amounting to 0.155 knot per hour; conse- 
quently, by the recognised formula for determining the 
relative dynamic merits of ships, the constructive 
merits of the Warrior and Bellerophon types of form, 
as respects their direct dynamic efficiency, are repre- 


be found by calculation that the Bellerophon, to be on 
a par with the Warrior, ought to have attained her 
speed of 14.201 knots by working her engines up to 
4626 indicated horse power, instead of requiring 
6400 indicated horse power, being a surplus expendi- 
ture of 1774 indicated horse power, or about 27 per 
cent. of her whole power, pred orm waste occasioned by 
the inferiority of her constructive type as compared 
with that of the Warrior. Further as to speed, by 
working her engines up to 6400 indicated horse power, 
the Bellerophon, at the displacement of 7230 tons, 





ought to have attained the speed of 15.82 knots in- 





sented by the numbers 231.5 and 167.3, whence it will | 


stead of 14.201 knots, being a deficiency of upwards 
of 1} knots per hour in consequence of the inferiority 
of her constructive type as compared with that of the 
Warrior. 

As to how far this profligate waste of power, amount- 
ing to 27 per cent. of the whole power employed, or 
this lamentable deficiency of ant amounting to 14 
knot per hour below what ought to have been obtained 
from the power actually employed, may be compensated 
for by superiority of nautical qualifications of the 
Bellerophon as compared with the Warrior, if such be 
admitted to exist, this is a purely naval question, on 
which I do not presume to be an authority. 

On comparison with the Black Prince and Achilles, 
the Bellerophon will be found, in like manner, deficient, 
as indicated by their respective coefficients of per- 
formance. 

It is remarkable that the Warrior, Black Prince, 
Achilles, and Bellerophon have been all fitted with 
Penn’s engines of nearly equal power. Under these 
cirewmstances this lamentable failure of the Bellerophon, 
at least in a dynamic point of view, surely demands 
further investigation ; for possibly, on the occasions of 
the trials above referrred to, the engine department on 
board the respective ships may not have been conducted 
with equal skill, or the hulls may not have been equally 
clean at the time of trial; at any rate, the deficiency 
of the Bellerophon as compared with the Warrior, 
Black Prince, and Achilles is so decisive, and the 
question at issue, involving as it does the most ap- 
proved type of form for iron-clad ships, is so important 
that a further trial of the Bellerophon appears to be 
desirable before coming to any final conclusion on the 
dynamic merits of the ship. 

As respects the implied reflection on the Warrior in 
the article referred to, it,will be time enough to con- 
demn the Warrior, constructed in 1861, when we shall 
have produced an iron-clad ship of war which, steam- 
ing at the speed of 14.356 knots per hour, shall pro- 
duce a coefficient of dynamic performance, calculated 
by the now-recognised formula, exceeding the Warrior’s 
coefficient, 231.5, and which, when steaming with re- 
duced power, at the speed of 11.04 knots per hour, 
shall surpass the Warrior’s coefficient, 289.6, the re- 
sult of the Warrior’s trial at Stokes Bay on the 25th 
October, 1861. 

I remain, Sir, yours obediently, 
HARLES ATHEKTON. 
London, 5, Whitehall, 28th August, 1866. 








RECENT PATENTS. 

In the following list we have here and there given the 
numbers and subjects of a few specilications, without 
description. Those especially interested in their sub- 
jects can obtain them by remitting stamps to the Great 
Seal Patent Office, Chancery-lane. The numbers are 
in all cases for the year 1865, and the year should 
always be given in ordering the specifications, as there 
are patents of the same numbers for each of the last 
twelve years. 

(No. 2965, Ils. 8d.) James Harbert, of Kidder- 
minster, patents the combination, with coal-gas, of 
gas distilled from a mixture of lime and soda, gas dis- 
tilled from gas-tar, and petroleum and gas distilled 


from lime refuse and a strong solution of soda. It is 
a pity that no analysis of the compound is given. The 


retorts are to be made in halves, with a longitudinal 
joint. 

(No. 2967, 4d.) I. G. Speyser, of Paris, patents 
bricks and building blocks made of concrete, as if tLey 
were lew. 

(No. 2968, 3s.) Walter Payton, of 70, Sewardstone- 
road, Victoria Park, E., patents a rotary pump (not a 
centrifugal pump) having vanes of a particular curve, 
and a machine is described for cutting these. 

(No. 2972, 4d.) F. Wilkins, of 2544, Oxford-street, 
patents a horse-hair lining for the drum of a wet gas- 
meter, and passing atmospheric air or gas through the 
meter, so as to come in contact with hydrocarbon oils 
on the lining, thus carburetting the air or gas. 

(No. 2976, 1s. 6d.) Heathorn and Wells, of 12, 
North-street, Westminster, patent gun carriages. 

(No. 2996, ls. 4d.) A. V. Newton, of Chancery- 
lane, as the agent of A. C. Fletcher, of New York, 
patents, what has so often been patented since it was 
proposed by Watt, an atmospheric condenser, the 
steam being condensed by air instead of water. As a 
matter of economy the patentee points out how the air 
after being heated is to be blown by fans into the ash- 
pit of the boiler. He forgets that, if the condenser is 
to be really effective, the air must not leave it at a 
temperature greater than 100 deg., and that the air in 





the stokehole is generally warmer than this. 
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(No. 2982, 1s. 4d.) John Weems, of Johnstone, 
N. B., patents a wonderful contrivance for steadying 
ships at sea—lessening their rolling and pitching. The 
ship is to have an outer skin or casing of iron; all the 
way apparently from the keel to the gunwale, so as to 
form a great air space around its sides and bottom. 
This space is to be divided longitudinally along the 
keel by an air-tight partition, and holes are to be made 
in the outer skin near the keel, for the admission of 
water to each division. As the ship rolls to one side, 
the water rising in the air space on that side will com- 
press the air, andthe air in the space onthe opposite 
side will be partly rarified by the corresponding 
lowering of the water there. This, according to Mr. 
Weems, will mitigate the rolling! When the ship is 
docked, steam may be let into the air spaces to roast off 
the barnacles. 

(No. 3000, 8d.) Captain Cowper P. Coles, of Vent- 
nor, patents the attachment to the bottoms of ships’ 
hulls of wire cloth, perforated plate-iron, “ fear- 
naught,” &c., in order to hold a coating of cement, 
which is then to be payed over them. 

(No. 3004, 1s.) Samuel Hunter, of Newcastle-on- 
Tyne, patents improvements in anchors, which we 
could not intelligibly describe without drawings. 

(No. 3005, 1s.) Alfred Lancefield, of the Great 
Northern Railway, King’s-cross, patents a simple and 
eflective ticket-stamp, one of which, made by Messrs. 
Tangye Brothers, of Birmingham, was some time since 
shown to us. 

(No. 3010, 8d.) Greenhalgh and Mallison, of Halli- 
well, have found that when the yarn in a sizing-ma- 
chine is stopped under the copper roll, the- heat which 
the latter acquires from the boiling size bakes the size 
on the yarn. They propose, therefore, to keep the 
copper roll cool to prevent this baking. 

(No. 3012, Sd.) W. R. Mulley, Lloyds? surveyor, 
Plymouth, patents a mode of securing planks to iron 
ships, so that they may be copper-sheathed. 

(No. 3018, 10d.) Joseph Whitworth, of Manchester, 
patents what promises to become a most important 
improvement in the production of steel castings. It 
is that of making the moulds of steel or wrought iron, 
strongly secured together, and then subjecting the 
metal as soon as poured, and before it is fully set, to 
yowerful hydraulic pressure; no particular pressure 
cies specified, although it may, it is stated, amount 
“to tons upon the square inch.” By powerful 
pressure at the moment before the steel begins to set, 
air-bubbles are prevented, and the steel, when 
hardened and tempered, as described in Mr. Whit- 
worth’s patent (No. 2743, a.p. 1863) is believed to 
possess unusual strength. The moulds are to be made 
with a close collar, to surround the ram of the 
hydraulic press, the construction and application of 
which are shown. Steel shot of excellent quality are, we 
understand, now made under Mr. Withworth’s patent. 

(No. 3021, 1s.) Robert Mallet, of 11, Bridge- 
street, Westminster, patents gun carriages in which, 
the muzzle being maintained at a given point, the 
whole gun is elevated or depressed at the trunnions, it 
being considered preferable to lift the whole weight of 
the gun, perhaps twenty-two tons, to tipping it. This 
lan would not require port-holes of so great height, 
Leave, as where the muzzle ranges up and down in 
elevating or depresing. 

(No. 3024, 1s.) A. V. Newton, of Chancery-lane, as 
the agent of John M‘Murtry, of Lexington, Ken- 
tucky, U.S., patents railway chairs, of which the outer 
portion is carried up to the level of the upper surface 
of the rail, so as to take the bearing off the wheel. 
The wearing face of the chair is to be chilled. As 
M‘Murtry is an American, we may inform him that a 
countryman of his, Mr. Griggs, of the Boston and Pro- 
vidence Railway, has a patent for this plan, and that 
he has used it for years. M‘Murtry also patents a 
compound railway bar, which was once used in his 
country by Latrobe. Neither scheme is ever likely to 
be used in England. 

(No. 3026, 8d.) J. Draper and W. Leech, of Wigan, 
patent a gauge-glass fitting, which admits of cleaning 
the tube and the passages to the boiler with increased 
facility. 

(No. 3029, 1s.) J. F. Bennet, of Pittsburg, U.S., 
but now of Liverpool, patents the use of two, three, or 
more rows of tuyeres for blast furnaces, at successive 
heights, one row above the other. A chemical theory 
is given, and, we may say, not an unreasonable one, 
but if Mr. Bennet will look at William Taylor’s patent 
of 1820, he will see the same plan, without the che- 
mical theory, patented forty-six years ago. 

(No. 3030, 4d.) F. Trachsel and W. Hall, of Man- 
chester, patent the use, in founders’ moulds and in 
place of sand, of pulverised shales, fire-clay, or other 





silicates of alumina, ground te powder. These mate- 
rials will stand great heat, and will not fuse, as sand 
sometimes does, upon the metal. 

(No. 3032, 3s. 6d.) C. F. Whitworth, of Saddle- 
worth, Yorkshire, has a patent for an elaborate system 
of electric signals for railways. Those especially inte- 
rested may consult the patent itself, which is not one 
of general interest, poe which would require much 
space for an intelligible description here. 

(No. 3033, 10d.) J. H. Johnson, of 47, Lincoln’s- 
inn-flelds, patents a cork-cutting machine. 

(No. 3034, 4d.) G. 'T. Bousfield, of Loughborough- 
park, Brixton, patents, as a communication, a mode 
of making wrought iron. Rich oxides of iron are 
to be pulverised to the size of peas, washed, and then 
charged into sheet iron canisters, which are then to be 
subjected to a heat sufficient to deoxidise the iron, and 
the canisters are afterwards to be raised to a welding 
heat, and the iron hammered together. Iron cannot be 
made by this process, whatever the inventor may believe. 

(No. 8040, 8d.) W. E. Newton, as the agent of 
John B. Winslow, of New York, patents a moulding 
machine for either curved or straight mouldings. 

(No. 3041, 1s.) Mr. Newton also patents a paper- 
pulp machine, a communication from a Frenchman. 

(No. 3048, 10d.) W. E. Gedge, of 23, Southampton- 
buildings, patents as a communication from A. Barbier- 
Perroton, of St. Etienne, a mode of setting steam- 
boilers between coke ovens, so as to utilise more of 
their waste heat than has been done before. 

(No. 3062, 8d.) Thomas Lancaster, of Bootle, Lan- 
canshire, patents deflectors and air jets in boiler fur- 
naces, not one of which is new. 

(No. 3066, 7s. 2d.) Here is a bulky and costly speci- 
fication of G. T. Bousfield, for machinery for weaving 
hair. Some of our readers may be interested in it. 

(No. 3067, 8d.) C. 8S. Baker, of 71, Fleet-street, as 
the agent of Dr. Robert H. Collyer, who, it appears, is 
now in France, patents a mode of treating straw, jute, 
&e., with strong caustic alkali. It strikes us that 
there is nothing new in this, although the solution is 
to be employed at a high heat. 

(No. 3068, 1s. 10d.) Richard Howarth, of 13, Glou- 
cester-crescent, Paddington, patents a most elaborate 
system of machinery for “ increasing the safety of rail- 
“ way passengers, signalling, internal and external com- 
“munication, warming and fastening doors, and indi- 
* cating the names of stations.” It is a sort of auto- 
matic railway porter and guard, consisting of levers, 
couplings, springs, and other gear. 

(No. 3074, 6d.) J. H. Johnson, of 47, Lincoln’s 
Inn-fields, as the agent of James Suggett, of Court- 
landt, U.S., patents a mode of sinking wells by first 
boring with a drill, and then sinking a pipe of less 
diameter than the hole, the bottom of the pipe being 
shod with a conical point, and the sides near the 
bottom perforated with holes for the entrance of the 
water. It can hardly be that this is new. 

(No. 3077, 10d.) J. Lee Norton, of La Belle Sau- 
vage-yard, London, and J. Landless, of Burnley, patent 
apparatus for indicating speed and pressure, the indi- 
cations being continuous. This apparatus could not 
be understood without drawings, but we may say that 
it includes the parallel motion of the Richards Indi- 
cator, which strikes us as an infringement. 

(No. 3084, ls. 8d.) T. W. Dodds, of Rotherham, 
patents improvements in furnaces for “ converting” 
the heads of rails. The improvements consist in the 
employment of several chimneys and regulating-valves 
instead of one, soas better to regulate and equalise the 
heat. There is also a converting-furnace, with a re- 
movable dome roof, for a nest of tyres undergoing con- 
version. 

(No. 3090, 1s.) I. M. Singer, of New York, and of 
the Euston Hotel, London, patents “ocean steam- 
ships and propellers,” the former to be 1000 ft. long 
and 150 ft. wide. For some reason which we do not 
quite understand, the bilges are to be about §$ ft. below 
the floor at the keel, a great channel being made 8 ft. 
high, and perhaps 50 ft. wide, along the whole length 
of the bottom of the ship. There are to be three pro- 
pellers with shafts inclining, from the engines, down- 
wards towards the stern. There are curious paddle- 
wheels, too, not new, and which therefore we need not 
describe. The patentee is the well-known and wealthy 
American manufacturer of sewing-machines. J 

(No. 3091, 10d.) Edward Scott, of Manchester, 
patents, as a communication from a German inventor, 
an improvement gear for “ shedding” the healds in 
looms, where from 3-to 12 healds are employed. 

(No. 3098, 1s. 10d.) T. A. Weston, of the Corn- 
wall Works, Birmingham, patents a neat hoisting appa- 
ratus, to which is applied his frictional disc brake, the 
principle of which is found also in Captain Ericsson’s 





gun-compresser. Mr. Weston’s patent for this brake 
was taken out two or three years ago, and covered 
the use of revolving iron discs upon the —_ of the 
hoisting erab, or other machinery to which is applied, 
these discs working between and against the surfaces 
of fixed wooden discs in a case enclosing the whole 
apparatus, The disc can be tightened to any desired 
extent by a hand wheel and screw, and the lowering 
of a weight thus controlled with the greatest nicety. 

(No. 3094, 8d.) R. Edmondson, of Blackburn, 
patents the application of a removeable piece of hide 
to loom pickers at the point which strikes the shuttle, 
so. that when this part is worn it can be renewed 
without throwing away the entire picker. Caton and 
Holden’s patent, which we noticed last week, covers 
the same thing. Mr. Edmondson furthermore fits a 
bush to the hole in the picker where it slides on its 
guide, and this bush can be removed and replaced 
when worn. 

(No. 3095, 1s. 8d.) E. B. Wilson patents his pud- 
dling furnaces, as now used at Milton, near Barnsley, 
and illustrated in Eneryzerine of June Sth. 

(No. 3106, 10d.) Braby and Moore, of the Euston- 
road, patent the use of corrugated plates for making 
tanks. 

(No. 3117, 8d.) P. A. Muntz, of Keresley, near 
Coventry, patents improvements upon a former patent 
of - F. Muntz, jun., for making tubes of Muntz’s 
metal. 

(No. 3120, 10d.) §S. W. Wilkinson, of Stockport, 
patents improvements in opening machines for cotton. 
The cotton is fed to one end only of the horizontal 
spiked-toothed drum or beater, and it is carried down 
against the grids. As it comes up on the other side, 
it is taken through diagonal grooves or channels on 
the under surface of the hood, and again over the 
toothed cylinder or beater, and thus swept successively 
towards the opposite end of the cylinder, where it is 
finally taken off and carried forward by rollers to the 
other parts of the machine. 








Russian RatLways.—For two or three years the work of 
railway-making has been prosecuted in Russia with immense 
activity. In point of mileage a great deal has already been done, 
or is fast approaching completion, though not so much as to 
make a network embracing the whole empire in Europe. There 
is first the trunk line from St. Petersburg to Moscow, 400 miles ; 
small branch lines from St, Petersburg, about 50 miles; the St. 
Petersburg and Warsaw line, with a branch towards the Prus- 
sian frontier, about 800 miles; and the line from Warsaw to the 
Austrian frontier and branches in Poland, about 446 miles. 
This is what has been done in the north and west. In the south 
there is a short length in the interior from Odessa to Balta, with 
a branch westwardly towards Tiraspol, about 256 miles, entirely 
disconnected with the northern system. About 90 miles are 
also being made in the valleys of the Wolga and the Don near 
Grouchevsk. Various lines again radiate from Moscow—east- 
ward to Nijni-Novgorod, about 274 miles; north-eastward, to 
Serguievsk, 44 miles; south-eastward, to Riazan and Koslof, 
260 miles. Last of all we have reckoned in this list the line, 
which is certainly not far advanced, from Dunaburg by Witepsk 
and Smolensk to Orel, about 630 miles. Altogether these lines 
extend to about 3235 miles, of which about 2570 miles are 
ulreaily open to the public. It is in the south, then, we find the 
— works of the next few years will be made. First of all 

loscow and Orel are to be connected in the course of next year’ 
and in the year following this line will be continued south of 
Koursk, a distance altogether of about 340 miles. The next on 
the list is a further continuation of this line south-westward to 
Kiev—290 miles, and thence to Balta—280 miles, by means of 
all which, in connexion with the Odessa-Balta line already men- 
tioned, Odessa will be linked with both Orel and Moscow, and 
the first great trunk communication between north and south 
accomplished, At the same time, a new connexion will be made 
with the European system by means of a branch towards the 
Austrian frontier in Galicia from the Kiev-Balta line, about 
112 miles in length. The next important project isa line of 
about 480 miles, to continue the southern line from Moscow to 
Koursk by way of Kharkof to Taganrog, or some other port on 
the Sea of Azoph; and it is likewise proposed to connect Balta 
and Kharkof by a line of about 400 miles. ‘There are also one 
or two branches projected. 

A Ramway to FRANcE.—An anonymous correspondent of 
the Nottingham Guardian proposes that the channel * bridged 
by a railway carried upon 200 hollow iron piers, which are to be 
first floated to their places and then sunk. The botto.n portion 
of each pier would somewhat resemble a large floating landing 
stage, round and 300 ft. in diameter, or a round engine shed, or 
a large gasometer, severally of such diameter, ‘I'he top portion 
would resemble the Eddystone lighthouse, or a large factory 
chimney 250 ft. high pt 80 ft. in diameter at the top. “After 
such piers had been so placed in position, they would resemble 
and constitute so many iron islands. 

AMERICAN Cast-1kon GuNns.—A gentleman well informed 
with respect to American ordnance writes us from the States 
as follows; “Our cast-iron guns are no better than yours, and 
the 100 Ib., 120 ]b., and 140 1b. charges are all talk. I'hey 
have but one 20in, gun, which has been fired but twice with 
100 1b. of powder, the value of whivh is but half as great as 
ordinary powder, and they dare not tire it any more, but keep it 
for a scarecrow, ‘Ihey are making one more only, A cast-iron 
8in. rifled gun burst at the 75th fire, with 14 1b. powder and 
150 lb. shot, which shows what is to be expected of cast iron for 
rifled guns, It is not in the nature of cast iron to do more than 
it formerly did.” 
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ENGINES OF THE 


WE give, on the present page and page 152, engravings of the 
fine screw engines of 800 H.P. nominal, made by Messrs. R. 
Napier and Sons, of Glasgow, for the steamships Pereire and 
Ville de Paris, vessels belonging to the Compagnie Générale 
Transatlantique. The cylinders are 84 in. in diameter, with a 
stroke of 4 ft., and, as will be seen from the illustrations, they 
are placed vertically above the crank-shaft, with the valve chests 
between them. The guide-bars are fixed toa pair of strong hollow 
A frames, which support the cylinders, ana the connecting-rods 
are 9 ft. long from centre to centre, or 2} times the length of 
the stroke. 

The engines are furnished with suriace-condensers, the con- 
densing water being in the interior of che condenser tubes, and 
being circulated by means of two double-acting horizontal 
pumps, the one worked by an eccentric and the other by a small 
crank at the forward end of the crank-shaft. The condensers 
and air-pumps are situated on the starboard side of the engines, 
the air-pump rods being connected to beams with unequal arms 
worked from the main crossheads. The vacuum is found to be 
maintained steadily at 28 in. of mercury, with a temperature of 
feed water of 100°. The cranks are furnished with counter- 
balance weights fixed to them, and the valve gear is all situated 
in the middle of the length of the engines the starting gear 
being worked from the port side of the engines, as shown in the 
tigures. 

The steam is sapplied, at a pressure of 25 1b. per square inch, 
from four tubular boilers containing thirty-two furnaces, the 
tiregrate surface ge So square feet, and the heating surface 
15,000 square feet. The boilers are also fitted with superheaters 
having 600 square feet of surface. 

The engines drive a four-bladed Griffith's screw 19 ft. in 
diameter and 29 ft. Gin. pitch, and when the Pereire was 
officially tried at the measured mile at Cherbourg breakwater 
on the 15th of March last, the mean speed of the engines during 
six runs was 57.2 revolutions per minute, the maximum number 
of revolutions per minute being 584, and the mean speed of the 
vessel 15.86 knots—a very high result. The Ville de Paris was 
tried on the 12th of May last, when almost identical results 
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were obtained. These vessels have together, up to this time, 
crossed the Atlantic ten times, with an average speed of over 
13} knots per hour. The last return voyage of the Pereire was 
made at an average speed of 14 knots, and the two last passages 
of the Ville de Paris, going and returning at an average of 
13.77 knots per hour, these being instances of the quickest con- 
tinuous steaming across the Atlantic on record. The principal 
dimensions of the vessels are, length, 345 ft. ; breadth, 43 ft. 6 in. ; 
depth, 29ft., and tonnage (builder’s measurement) 32274 tons. 
Our engravings of the engines have been prepared from drawings 
kindly furnished by Messrs. R. Napier and Sons. 


Coat IN THE SoutH or ENGLAND.—In the Geological 
Section of the British Association, Sir Roderick Murchison read 
a paper on “ The vast Areas in England and Wales in which 
no productive coal beds can reasonably be looked for.” In it 
he combated (with some qualifications and reservations) the 
views put forward by Mr. Godwin Austin, and reproduced 
lately in the House of Commons by Captain Hussey Vivian on 
moving tor the Royal Commission on the Coal Supply, as to 
the probable existence of coal measures underneath London 
and the south-eastern counties of England. Sir Roderick 
stated that his own view was that productive coal measures 
could not be looked for in Essex, Kent, Sussex, Middlesex, 
Hants, Bucks, Oxfordshire, Suffolk, Norfolk, &c, The. paper 
proceeded at length to give detailed reasons for believing that 
the coal formations of France and Belgium did not extend in 
any quantity underneath the Channel. « Professor Phillips ex- 
= — that the Leicestershire coalfield wotild yet 
»¢ considerably extended, and reviewed at length the views us 
to the coal supply put forth by Mr. Hall and Mr. Jevons. 
Mr. W. F. Webb, of Newstead Abbey, gave some particulars of 
an experiment he is making in sinking for coal in the North 
Riding of Yorkshire, the locality being considered very unpro- 
mising by Sir R. Murchison. If he did not meet with coal, 
he remarked, he should at least prove its non-existence there, 
and so add to geological information. 





FRICTION IN STEAM CYLINDERS. 

Ar the meeting of the British Association, Professor Rankine 
read a paper “ On the Influence of Friction in the Cylinder upon 
the Efficiency of Steam.” He contended that the loss of power 
caused by friction in the cylinder of a steam-engine found an 
equivalent in the heat produced by that friction. To express 
that relation by a formula, he arrived at the following conclu- 
sions: Let W be the indicated work of a given quantity of steam, 
without deducting loss by friction, and H the mechanical equi- 
valent of the expenditure of heat required in order to do that 
work, so that W: H is the efficiency of the steam without fric- 
tion. Let F be the quantity of work lost through friction in the 
cylinder, and let the heat produced by that friction be wholly 
taken up by the steam. Then the work done is diminished to 
W—F, and the heat expended is diminished to H—F, so that 

F 


‘ w-— sas . 
the efficiency becomes a The author said in conclusion 


that the friction had a tendency to prevent liquefaction in the 
cylinder. 

Mr. Smithies pointed out that the formula arrived at by Pro- 
fessor Rankine was obviously erroneous, since the heat produced 
by friction would be taken up not only by the steam under pres- 
sure, but also by the exhaust steam, and that, moreover, the 
greater part of that heat would be taken up by that quantity of 
steam which was at the lowest temperature, leaving only a very 
small proportion of that quantity of heat represented in the 
formula by F. to produce useful work. 

Mr. Bramwell hoped Professor Rankine would not recommend 
to an engineer to cause friction in the cylinder in order to gain 
power. The liquefaction of steam in the cylinder did not take 
place precisely in such a manner that the heat caused by fric- 
tion could directly prevent it. Mr. Smithies having disposed of 
the theoretical part of the formula, he thought he would have to 
do the same with regard to the practical point in question. 

Professor Rankine said, in reply, that he was only desirous to 
point out that the special way in which the friction takes effect 
in ordinary steam-engiues is by diminishing the expenditure of 
heat required for prevention of liquefaction. 
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PROPOSED 





In the course of our article on‘ Brighton,” last week, we 
mentioned the want which exists of good harbour accommoda- 
tion on the Sussex coast, and alluded to the scheme which has 
been recently brought forward by Mr. Charles Burn, C.E., and 
Captain Julius Roberts, R.M.A., for the construction of a har- 
bour of refuge, tidal basins, graving docks, fortifications, &c., at 
Newhaven. We now give in the accompanying engraving a 
bird’s-eye view of the proposed works, which will enable their 
general arrangement to be readily understood. From the illustra- 
tion it will be seen that the harbour of refuge, which has an 
area of 1830 acres, and the docks, which have an area of 270 
ucres, would be enclosed by a couple of curved breakwaters, 
an entrance 1500 ft. wide being left between their ends, which 
would be surmounted by lighthouses. The dock entrance 
would be 400 ft. wide, and the docks themselves would have 
a length of wharfage amounting to 45,000 ft. The inner 
part of the dock might be partly used as a timber-dock, 
and in connexion with it there are proposed eleven 
slips and five graving docks, with large factories adjoin- 
ing. The depth of water at the entrance of the harbour would 
be 9 fathoms, and that at the entrance to the dock 5 fathoms 
at low water, and all the quays would be furnished with lines 
in communication with the railway. It is proposed to protect 
the harbour by strong forts on the breakwaters, and by # large 
battery upon Burrow Head, an eminence in the rear of the 
harbour 190 ft. high above high water. Other batteries would 
also be erected on the coast, at Seaford, to the east of the har- 
bour to afford additional protection. The scheme is altogether 
a very comprehensive one, and one which would no doubt involve 
the expenditure of a very large sum for its execution; but, on 
the other hand, it is equally certain some harbour accommodation 
of the kind is much wanted, and that it is only by a large outlay 
that it can be obtained, and we think, therefore, that this or 
some other kindred scheme should receive serious consideration. 








Tue Fioatine Dock at SouraBpaya.—It should have 
been added to our account of this work, in our last number, 
that its construction was offered to public competition, and that 
while certain Scotch firms sent in tenders rising to nearly 
60,0007, Messrs. Van Vlissengen and Van Heel took it at but 
little more than half that sum. The plans of the dock were 
prepared, and its construction directed, by the Dutch engineers, 
ir. Tromp and Mr. Strootman. 

Sure Dock.—Messrs. A. and J. Inglis, of Glasgow, are now 
constructing for their works, at Point House, the largest slip 
dock on the Clyde, It will be 800 ft. in length, with a rise of 
1 in 18, and will lift ships of 1800 tons measurement, or per- 
haps 3000 tons dead weight. The entrance between the piers 
is 57 ft. wide, and will thus take in paddle-steamers of consider- 
able size. 


CoaL Orn as A Lusricator.—It is stated that American 


manufacturers, especially those emp!oying fine machinery, have 
found by a thorough system of tests, that coal oils as lubricators 
are superior to sperm oils in the ratio of 100 to 84, a discovery 
extremely satisfactory from the great difficulty heretofore of ob- 
taining regularly a grade of sperm or whale oil of uniform den- 
sity, free of gum and foreign mixture. [We cut the above 
from an American paper; but as no definite experiments or 
tests are reported, the statement cannot be considered authori- 
tative.—Ep. E.] 


HARBOUR, DOCKS, 








PENETRATION OF PROJECTILES. 

Art the meeting of the British Association, Section G, Captain 
W. H. Noble, R.A., read a paper upon the Penetration of Shot, 
and Resistance of Iron-clad Defences. 

This voluminous paper, laid before the association, forms part 
of a report submitted by Captain Noble to the Ordnance Select 
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Committee, on the results of a series of experiments lately 
carried out by him under the direction of that committee, for 
the purpose of determining various points connected with the 
resistance of iron plates to the penetration of shot. As the paper 





contained the tabulated details and results of a very consider- 
' able number of experiments, the author confined himself,to reading 


AND FORTIFICATIONS 


SMA 7 TESS Se ac 





AT NEWHAVEN. 





extracts from it, showing the purpose and mode of conducting 
the experiments, and the general conclusions derived from their 
results. 

This series of experiments was instituted. for the purpose of 
determining the following points: to’ determine the relative 
penetrating effects of two steel shot on an iron plate, provided 
they strike with the same amount of “energy” or mechanical 
effect, notwithstanding that the one may be heavy, with a low 
velocity, and the other light, with a high velocity; to deter- 
mine the relative resistances of a plate to penetration by two 
steel shot of similar form of head, and striking with an energy 
proportional to their respective diameters. In order to deter- 
mine the first point, the committee fired a number of hemi- 
spherical-headed steel shot from a muzale-loading gun of 6.3 in. 
calibre, at 44 and 5iin. plates, the weights of the shot being 
different, viz., 35 lb., 70 1b., 106 Ib., an diameters the same, 
viz., 6.22in. The charges with which these projectiles were 
fired were arranged so that the energy was the same in 
each case, that Is to say, the velocity on impact of the light 
shot was so much greater than that of the heavy shot, that 
the expression Wv?, or weight of shot multiplied by the 
square of its velocity, remained constant. The results of 
these experiments were very interesting, and are fully de- 
tailed in the tables which accompany Captain Noble’s report. 
To determine the question of the relative resistances of ‘a plate 
to penetration by shot of similar form of head, and striking with 
“energy” proportional to their respective diameters, the commit- 
tee fired a series of steel hemispherical-headed shot of various 
weights and diameters at 4} and 5}in. unbacked wrought-iron 
plates, the velocities being so arranged that each projectile 
should have an energy proportional to its diameter. Thus, sup- 
pose the comparison to be made between a 7 in. shot striking 
with an energy represented by 1000, and a 9 in. projectile, the 
latter should strike with an energy represented by 1286, these 
figures being in the proportion ot 7 to 9. A small number of 
experiments have also been made to determine the effects of shot 
striking the plate obliquely, and, although further trials are 
necessary, the general results go to prove that the power of per- 
foration possessed by the shot is diminished in the proportion of 
the sine of the angle of incidence to unity. ‘The md rm 2 of cast- 
iron projectiles next claimed attention, as compared with steel 
shot. With the former much of the total work is expended in 
breaking up the projectile in striking, and hurling the pieces in 
different directions, whereas, when the shot are car. fully manu- 
fuctured of the very best steel, very little work is expended on the 
projectile, and in some instances the material of the shot has been 
so perfect, that its alteration of form after penetrating the plate 
has been almost inappreciable. Ordinary cast iron is therefore 
almost useless for the manufacture of such projectiles, Steel is an 
excellent material fer shot, but it is also most expensive; but 
recent experiments have shown that Palliser’s chilled iron is 
almost, if not _ as good as steel, and probubly this mate- 
rial will be used for solid shot, and steel employed for shells alone. 
Various forms of head have been proposed for steel projectiles. 
Thus we had the flat head, proposed by Mr. Whitworth, the 
round head, elliptical head, &c. ‘I'he flat head has gained a 
great reputation from being the shape used by Mr. Whitworth 
in his first experiments against the “ Warrior” target. Of all 
these forms, however, the author prefers the pointed, or ogival, 
head, and he described, by means of a di , the difference in 
effect betweer. the pointed and the blunt form. The blunt, that 
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is, flat-headed or round-headed shot, on striking an iron-clad 
structure, such, for instance, asthe Warrior, punches a piece of 
armour out of the plate and drives it into the backing; the shot, 
however, has no means of ridding itself of this piece of plate, 
and consequently has to push it in front of it through the back- 
ing. It is needless to remark that this piece of jagged armour 
plate must greatly increase the resistance which the shot 
meets in passing through the backing. When, however, the shot 
is of the form of a pointed ogival, the results of its action 
are far different ; this projectile cuts or rather tears through the 
armour plate, and the pieces of broken plate are bent back and 
forced into the backing round the edge of the hole, the shot then 
sses through without carrying any jagged armour in front of it. 
he subject of iron-clad ships was then entered on, and a sum- 
mary given of the experiments against targets representing 
actual vessels, The conclusions which might be drawn from 
the whole of the experiments were—Iist. Where it is required 
to perforate the plate the projectile should be of a hard material, 
such as steel or chilled iron; 2nd. The form of head best suited 
for the perforation of iron plates, whether direct or oblique, is 
the pointed ogival; 3rd. The best form of steel shell known at 
resent is that which is furnished with a solid steel head in the 
form of a pointed ogival; 4th. When chilled iron can be made of 
the best quality, it is almost, if not quite, as effective as steel for 
solid shot; 5th. To attack well-built iron clads effectively, the 
guns should be at least 12 tons weight and 9 in. calibre, firing 
an elongated projectile of 250 lb., with about 40 ib. of powder ; 
6th. When the projectiles are of a hard material, such as steel, 
the power of perforation is directly proportional to the energy 
or product of weight of the shot multiplied by the square of 
velocity at impact, and inversely — to the diameter of 
the projectile, and it is immaterial whether this energy be made 
up of velocity or weight within the usual limits which occur in 
a 7th, The resistance of wrought-iron plates to per- 
oration by steel projectiles varies as the square of their thick- 
ness; 8th. Striking a we at an angle diminished the effect as 
regards power of perforation in the proportion of the sine of 
the angle of incidence; 9th. The resistance of wrought-iron 
plates to perforation by steel shot is not much, if at all, in- 
creased by backing simply of wood; it is, however, much 
increased by a rigid backing either of iron combined with 
wood, or of other suitable material; 10th. Iron - built 
ships, in which the backing is composed of com- 
act oak or teak, offer much more resistance than 
similarly clad wooden ships; 11th. The best form of backing 
seems to be that in which wood is combined with horizontal 
plates of iron, as in the Chalmer, Bellerophon, and Hercules 
targets; 12th. An inner iron skin is of the greatest possible 
advantage. It not only has the effect of rendering the backing 
more compact, but it prevents the passage of many splinters 
which would otherwise find their way into the ship; therefore, 
no iron-clad, whether iron-built or wooden-converted, should be 
without an inner skin. The author of the paper preferred the 
English ‘* punching” system of high charges with steel shot to 
the American “ racking” system of heavy cast-iron shot propelled 
with low charges, on the ground that by the tormer method a 
ship might be sunk or some vital part injured in much less time 
than would be required to destroy her by the mere concussion of 
very heavy shot which had not the power of penetrating her 
armour. 
This paper was accompanied by the following among other 
formule and tables: 


Table showing the probable distance at which various guns 
would penetrate existing iron-clad vessels, with steel or 
Palliser chilled iron projectiles: 
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W=Weight of projectile in Ib. 

v= Velocity on impact in ft. 

g= Accelerating force of gravity. 

K=Semi-diameter of shot in ft. 

k=A constant to be determined by experiment. 

b= Thickness of plate in ft. 

@=Angle which the direction of the shot makes with the face 

of the plate. 
k=5,357,000 for hemispherical-headed shot. 


The reading of this paper was followed by that of a short 


description of the Chalmers target by Captain Galton. 

The discussion on the above two papers in which the Marquis 
of Lorne, General Lefroy, Sir W. G. Armstrong, Colonel Sykes, 
M.P., Admiral Sir E. Belcher, Mr. W. Fairbairn, Major Palliser 





Professor Rankine, Mr. Bramwell, and the President took part, 
was more of a military than of an engineering character. Sir 
W. Armstrong advocated the use of the shortest projectiles 
which are consistent with accuracy of flight, in order to avoid 
the expenditure of work at the moment of impact in the change 
of form of the projectile, and to concentrate the whole effect 
upon the piercing of the armour plate. The paper of Captain 
Noble was, in his opinion, the most complete and distinct 
exposition on the subject which had ever been submitted to 
the public. Mr. Fairbairn laid great weight upon the sea- 
worthiness of English ships of war, as compared with the 
American ships, which were built so as to present the 
smallest possible surface above the water line, at a sacrifice 
of their sea-going qualities. Mr. Bramwell explained the advan- 
tages of pointed shot to consist in the concentration of the 
total available effect upon the smallest possible resisting area. 
The only condition to be fulfilled was sufficient hardness and 
strength in the point of the shot to bear the great pressure con- 
centrated upon it without being crushed. From what was 
generally known of chilled cast iron it was not surprising that 
this material should possess so considerable « resisting power. 
Professor Rankine remarked, with regard to the backing of 
armour plates, that the material placed in strain and resisting 
the penetration of the shot on its striking the armour plate 
formed a conical body, diverging inwards trom the surface of 
contact between the projectile and the armour plate; the power 
at resistance would therefore increase with the size of area 
of impact, and would also depend upon the distribution 
of material behind the armour plate. He thought it greatly 
desirable to determine by experiments and by theory the relative 
resisting effect of the outer armour plate, the different layers of 
backing composed of wood and iron, and the iron-ship plates, 
or second armour-plates, placed behind the first. Experiments 
of this kind would probably lead to a more economical distribution 
of material in constructing the armour of ships of war. The 
president advocated the construction of numerous — of 
war in lieu of the large types of vessels which at present form 
the fleet of this country. 








SUBMARINE CABLES. 


Ar the meeting of the British Association, Mr. Fleeming 
Jenkin read a paper on a new form of picking-up machinery for 
submarine cables. This machinery was intended to limit and 
regulate the strain which could possibly be brought on a sub- 
marine cable or rope attached to it while being hauled on board 
by the ordinary drum driven by a steam engine. During this 
operation it had been hitherto necessary to watch the cable 
carefully, regulating the speed of the engine so as to keep the 
strain, as shown by the dynamometer, below that which was con- 
sidered safe. It was turther necessary to be ready, at an 
instant’s warning, to stop the engine in case the cable fouled any 
part of the ship, and the author had seen a cable broken owing 
to the impossibility of stopping the engine soon enough. More- 
over, even when the above precautions were taken, it was impos- 
sible to avoid a considerable variation of strain, due to the 
pitching of the ship, which alternately slackened and lengthened 
the cable as it hung vertically ; and in most cases in the author’s 
experience cables, while being picked up in great depths, 
had broken from this cause. All these dangers were 
avoided by the machinery invented by the author, of 
which two models were shown. ‘These two forms were 
identical in principle, a spur-wheel fast on a main shaft, 
driven by the engine geared into another spur-wheel centred in 
the periphery of a brake drum loose on the main shaft, and 
restrained from turning by an Appold’s break ; the second spur- 
wheel in one form geared directly into an internal-toothed 
wheel bolted on to the picking-up drum, which was also loose 
on the main shaft above mentioned. When the brake drum 
was stationary the engine simply drove the brake drum through 
the spur-wheels in the ordinary manner, but when the strain 
on the cable reached the amount corresponding to that given 
by the weight restraining the brake drum the picking-up drum 
ceased to revolve, because the brake drum turned instead, 
carrying round the second or intermediate spur-wheel which 
rolled inside the internal-toothed wheel instead of driving it; 
the centre on which this intermediate spur-wheel worked might 
be looked on as a fuleram, and the wheel itself as a lever oy 
which the engine pushed round the picking-up drum: if the 
fulcrum yielded, the weight could not be lifted. The second 
torm of model was exactly similar in principle; a second inter- 
mediate wheel of different diameter, fast on the same shaft as 
the first, geared into an external-toothed spur-wheel connected 
with the picking-up drum, 


The action was identical with that already described. If the 
strain increased beyond that required to stop the picking-up 
drum, it would turn in the other direction, and the cable would 
be paid out instead of picked up, although the engine would con- 
tinue to run in the same direction as before, and exerting the 
same power, 

In practice, as was shown by the models, the engine might be 
driven at any speed, the cable would only be subject to the 
strain chosen, which might be increased or diminished at will; it 
would come up quicker or slower as the ship fell or rose; it 
would stop wholly if the cable fouled ; it would be paid out if, 
from inattention, the ship drifted out of position, or from any 
other cause the strain inereased on the cable. More than this, 
the cable might actually be paid out.as the ship rose, and picked 
up as it fell, and the whole would take place with perfect 
smoothness and constancy of strain, The Appold brake gave a 
constant restraining power to the. brake drum, whatever the 
co-efficient of friction might be. The gear exhibited formed at 
once a paying-out and picking-up machine. It might be 
termed an accurate slip-eoupling, and could ,be applied to many 
purposes—as, for instance, to the measurement of steam power 
let out. With one of these couplings on the transmitting 
shaft, it would be impossible to overload the shaft. Similarly, 
the coupling would serve to prevent a breakdown in cases where 
the machinery was liable to sudden starts or stoppages, It 
would prevent undue strains on the ropes of collieries and lifts 
and other applications would readily occur to mechanical men. 





FIRE-PROOF CONSTRUCTIONS. 


Mr. F. INGLE read the following paper on ‘ Recent Improve- 
ments in the Application of Concrete to Fire-proof Construc- 
tions :” 

Amongst the various methods of fire-proof construction, as 
applied to the floors, ceilings, and roofs of buildings, which have 
been in use within the last twenty or thirty years, those in which 
concrete forms the fire-resisting medium have been most fre- 
quently adopted. 

The main reason for this preference no doubt is that the hori- 
zontal form in which it is generally disposed suits best the re- 
quirements of modern construction. 

Brick arches, though used almost without exception to carry 
the floors of the large fire-proof mills and warehouses of the 
manufacturing districts, have disadvantages which almost pre- 
clude their use in buildinys of a more general or domestic cha- 
racter. They require walls and girders of great strength to 
sustain their weight and to withstand the outward thrust which 
they exert; and the depth which they occupy on account of 
their rise when added to the board and joist arrangement above 
and the ceiling underneath is so great as to involve a consider- 
able increase of height in the building, to obtain the same clear 
space between the floors and ceilings of the rooms. 

Of the systems of fire-proofing in which concrete forms the 
chief element, that of Messrs. Fox and Barrett (A, page 160) is 
one which has been extensively used. It consists ot a series of 
light rolled iron joists, fixed 2 ft. apart, upon the lower flanges of 
which are placed fillets of wood, at intervals of Lin. or 14in. 
Upon these a mass of concrete is thrown, the depth of the same 
being regulated to some extent by that of the iron joists, the 
concrete being generally brought up flush with their upper 
flanges. The whole is then paved or covered with an ordinary 
wood floor upon light sleeper joists. The underside of the floor 
receives a second series of wood fillets nailed transversely to the 
first, and at intervals of 12in. or 15in., and upon these the 
ceiling is then formed in the ordinary manner. 

The concrete used in this construction in common with all 
others in which ordinary lime forms an ingredient is not, strict] 
speaking, a fire-proof body. ‘The cementing material which 
occupies the interstices between the fragments of stone or gravel, 
becomes like ordinary mortar in setting a weak carbonate of 
lime, and, like the stone from which it was originally burnt, is 
reduced by calcination to a state of lime. This effect would un- 
doubtedly be produced upon any lime concrete which formed 
part of the construction of a floor exposed to a severe conflagra- 
tion. 

The application of water to lime in the caustic state converts 
it of course to a hydrate, and while undergoing the change it 
assumes double its original bulk and falls to powder. The con- 
sequences, therefore, which might naturally be expected to 
ensue from the play of water from the tireman’s hose upon con- 
crete floors in a calcined state would be the overthrow or fracture 
of the outer walls by their expansion. Some of the numerous in- 
stances of the destruction by fire of buildings which were sup- 
posed to be secure from that danger are probably owing to this 
circumstance. 

I have more especially alluded to this radical defect of ordi- 
nary concrete as a fire-proof medium because in the system 
which I am about to describe a kind of concrete is employed 
which retains its cohesion and a considerable portion of its origi- 
nal strength, though water be thrown upon it while in a red hot 
state. 

This method is a local invention, and is known as Dennett’s 
Fireproot Construction.” I shall speak first of the composition 
of the concrete, and then proceed to describe the manner in 
which it is applied. 

Gypsum, known chemically as the sulphate of lime, and which 
is one of the most perfect non-conductors of heat, is the most 
important constituent of the concrete, and is used in lieu of the 
ordinary lime as its cementing material. This gypsum, how- 
ever, unlike that manufactured into the plaster of paris which is 
used for ornamental purposes, undergoes a thorough calcination. 
The latter is siinply roasted in ovens, the finer lumps of gypsum 
being carefully selected for the purpose. ‘The effect of this roast- 
ing is merely to drive off so much of the water which enters 
into its chemical composition as to allow the gypsum to be 
ground by millstones. 

The rapidity of setting which is peculiar to this kind of 
plaster is owing to the fact of its having but little water to take 
up, in order to resume a state of consolidation. 

For the manufacture of the plaster used in Dennett’s con- 
crete, the coarser qualities of gypsum are used, such as in fact, 
except for this purpose, would be thrown aside as mere 
waste. ‘These inferior qualities are largely impregnated with 
clay, with the beds of whieh it alternates. ‘This clay, when 
burnt, becomes the very kind of material which is afterwards 
added artiticially in the mixing up of the concrete. For this 
purpose any hard material, possessing a high degree of porosity, 
is used, such as furnace drosses, oolitic stone, or broken brick. 
The latter, being in most cases readily procurable, is generally 
used, Itis necessary that all dirt and dust should be carefully 
screened out, so as to prevent the choking of the pores of the 
brick, 

The sizes of the lumps are graduated, so that the smaller ones 
shall fill up the interstices of the larger. By this means, and by 
considerable force used in consolidating the concrete, it is made 
to consist of a large proportion of the hard material, and its 
strength is much increased by the proper observance of these 
precautions. Some considerabie time is occupied by the concrete 
in setting, as a greater amount of water is required to be taken 
up by the plaster on account of its thorough calcination. When 
the setting process is complete a degree of hardness is attained, 
however, to which that ot the ordinary plaster of paris will bear 
no comparison, and which is equal to that of the best cements. 

The form in which the concrete is generally applied to the 
construction of floors is that of an arch, or series ot arches, with 
small rise (B.) These are formed upon temporary centres, which 
may be removed atter an interval varying from two to six days, 
according to the state of the atmosphere and the size of the 
arches. Spans of from six to twelve feet can be bridged over In 
this manuer, the thickness of the arch varying from three to five 
inches on the crown, and from five to ten inches in the haunches. 
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Rolled or rivetted iron girders form the intermediate supports of 
the arches, while the outer haunches rest upon projections, or 
corbel courses in the brickwork. Floors of corridors and cottage 
rooms can be formed, however, without the aid of any joists or 
girders whatever (C). Ofcourse the arch form presupposes a cer- 
tain amount of support from the abutments ; but from the trans- 
verse strength and thoroughly homogeneous character of the ma- 
terial, very little if any lateral thrust is exerted on the outer walls. 
If a wood floor is required, sleeper plates and light joists and boards 
are laid in the ordinary way (D); but if there is no necessity for 
this kind of finish, or if it is desirable to make the upper surface 
fire-proof, the haunches of the arches may be filled up to a hori- 
zontal line and paved with stone, tiles, cement, or asphalte, as may 
be desired. The cheapest and best kind of paving, however, is that 
which may be formed by the concrete itself (E). To do this, the 
porous material is graduated in size until the surface can be 
finished with the trowel. This surface can be executed in vari- 
ous tints and with different degrees of polish. 

For bedroom floors this method of finish is particularly 
adapted. It is cleanly, non-absorbent, free from vibration, and 
therefore comparatively noiseless ; and, what is a very important 
consideration (particularly in the crowded districts of large 
towns), affords no harbour for vermin. Any objection which 
might exist against these floors on the score of coldness may be 
removed by placing a sheet of hair felt or matting of cocoa fibre 
under the carpet. Floors of coarse plaster laid upon reeds or 
laths on the ordinary joists were formerly very common, and are 
still used to some extent in Nottingham and other towns of the 
Midland district ; and it is no doubt owing to this circumstance 
that the destruction of a dwelling-house by fire’is here a matter 
of very rare occurrence indeed. The mode of finishing the under- 
side of these floors depends upon the character and architectural 
requirements of the building. For banks, offices, hospitals, and 
many other public buildings, there is often no objection to the 
curved surface which the soffits of the arches present, and which 
are, moreover, well adapted to receive coloured decoration. 
Where, in buildings of a more domestic character, a flat ceiling is 
indispensable, a series of light joists to receive the ordinary lath- 
ing is affixed to the lower flanges of the girders (F). As these form 
no part of the main construction of the floor, their destruction in 
case of fire would not impair the stability of the arch which 
forms the fireproof medium. With regard to the strength of the 
concrete, very severe tests were applied to some of the arches at 
the new Town Hall at Hackney, under the direction of the dis- 
trict surveyor, and with very satisfactory results. These ex- 
periments were tried with reference to their capa city for sustain- 
ing dead pressure, and also with regard to their resistance to 
impact. In the latter casea rough block of stone, weighing 
250 1b., was dropped from a height of 14 ft. upon the centre of 
an arch which was but 3}in. thick in the crown, and bruised, 
but did not break it: while another block, weighing 750 Ib., let 
fall from asimilar height upon an adjoining arch, went through 
with a clean fracture, causing no disturbance of the general con- 
struction. Some further idea of the strength and capabilities of 
the material may be formed when it is stated that vaults and 
domes have been executed therein at the new Foreign Offices of 
spans varying from 10 to 36 ft. The vault (G) of the latter dimen- 
sion is semicircular on the section, and the concrete is 9 in. in 
thickness, with occasional ribs and groins to the side windows. 

Mr. G. G. Scott, who first adopted this method of construction 
seven years ago, for the thorough fireproofing of Kelham Hall, 
near Newark, the seat of Manners Sutton, Esq., speaks of it in 
the following terms: “I have made use of Messrs. Dennett’s 
material for tireproof arching, and though I have happily had no 
practical experience of its etticacy as against fire, I can bear wit- 
ness to its strength and its extreme convenience of application. 
I have made use of it in positions in which I should have found 
it difficult to imtroduce any other fireproof material, and it has 
this advantage, that the arches constructed of it are so entirely 
in one mass that they cover the space like a compact shell or in- 
verted basin, and are consequently almost wholly free from 
lateral pressure.” 

The cost varies of course with the distance of the place where 
the system is adopted, from the localities where the gypsum is 
quarried ; but in most parts of the country it is found to be 
cheaper than any other method of fireproofing, while in the im- 
mediate neighbourhood cottage floors can be formed at a cost 
less than that of ordinary wood constructions. 








COUNTERBALANCING WINDING ENGINES. 


Tue following paper on the Counterbalancing of Winding 
Engines was read before the British Association, on the occasion 
of their recent meeting, by Mr. John Daglish, C.E. 

It will be readily apparent, on a consideration of the subject, 
that the working strain on any winding engines not fitted up 
with some counterbalancing apparatus must vary greatly at 
different stages of the winding, and this is especially the case in 
deep pits, where the weight ot the rope itself frequently exceeds 
that of the load to be drawn. This seems so self-evident, that 
attention need hardly be drawn to it; and yet, although in the 
northern coal district the system of regulating the load on the 
engine by counterbalancing apparatus is widely adopted, in 
other parts of England it is the exception instead of the rule. 
It is proposed in the present paper to give a description of the 
counterbalances now in use, and then to consider the action of 
the different systems, more especially that of the most usual 
method of counterbalancing weights descending on a staple. 

A series of diagrams was annexed to the paper. ‘These dia- 
grams are made by marking off on the horizontal line the strokes 
of the engine, from the setting away at the bottom of the pit 
until the load is brought to the surface, and on the vertical line 
the work done in foot-pounds. 

The writer does not intend by these diagrams to represent the 
actual work done by the engine, to arrive at which other resist- 
ances would require to be taken into consideration; but the dia- 
grams represent the different systems of counterbalancing 
engines, in such a manner as to be thoroughly reliable for com- 
parison, and for judging upon the merits of each system. 

_A very good system of counterbalancing engines for shallow 
pits, and one much used formerly in Northumberland, is the 
application of a pendulum with a heavy weight at the lower end, 





to which a chain is attached. (Sketch No. 1.) _ This chain is 
wound round a pulley on the main shaft, and by lifting the pen- 
dulum counteracts the heavy load on the engine at starting, and 
retards the engine by its weight towards the conclusion; but as 
the travel of the pendulum, being governed by the length of the 
rod, can only be short in a very deep pit, the counterbalance roll 
would be of such a small diameter as to be practically of little 
if any use. The sketch No, lis not taken from any actual 
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apparatus at present in use, as the system has been almost en- 
tirely discontinued. It will be observed that, at the commence- 
ment of the winding, the full counterbalance weight is acting in 
favour of the engine against the load; but, as the winding pro- 
ceeds, a portion of the weight is gradually borne by the pendu- 
lum-rod, until at the point of meeting of the empty and full load 
in the shaft, 7.¢., at half the winding, the whole weight is borne 
by the pendulum-rod, from which point, until the load is drawn 
to the surface, the counterbalance weight is acting against the 
engine with gradually increasing force. Assuming the weight 
on the pendulum at 30001b. for a very shallow pit, te. 45 
fathoms deep, where the engine draws two tubs at once, the 
load to be lifted each time is: 
ewt. qr. Ib. 
Empty cage ooo eve ove 11 0 

ewt. qr. Ib, 
1 empty tub am” 2 es 
Coal in tub eos . it - 





9 38 22 
Weight of two tubs with coal ... 19 3 16 


30 38 16—3460 lb. 


Against this comes the weight of the empty tub going down: 
ewt. qr. Ib. 
Empty cage... eee m+ ae Be 
ewt. qr. Ib. 
2 empty tubs at 3 2 8 7 O 16 


18 0 162032 Ib. 


The diameter of rope roll is 9 ft. 8in. The rope is a common 
round wire rope weighing 12 lb. per fathom. The load against 
the engine varies from 19,500 foot-pounds per stroke of the en- 
gine at the commencement of the winding to 16,500 foot-pounds 
at the end, this reduction being due to the decreased weight of 
the rope as wound upon the drum. Empty tubs assist the en- 
gine ; their effect increases trom 9800 foot-pounds to 12,500 foot- 
pounds on account of the increased weight of rope suspended in 
the shaft as it is unfolded from the drum. The resultant would 
+ the actual lift of the engine if no system of counter- 
balancing were used. 

This is modified by the action of the counterbalance. The 
counterbalance at the beginning aids the engine in a gradually 
diminishing ratio until it changes at the middle and then in a 
gradually increasing ratio acts against the engine. Instead of 
the lift at the beginning being 9400 foot-pounds and at the end 
4200 foot-pounds, as the lift is at the beginning 4900 foot-pounds 
and at the end 8700 foot-pounds, practically the counterbalance 
weight in this case would be too heavy, and a less weight would 
have given a better mean of actual work. 

‘The figure No. 2 represents the action of a tub filled with 
heavy pieces of iron of a total weight of 2000 1b., and acting on 
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adrum 4 ft. in diameter. Both these systems, however, are 
evidently only of practical use for very shallow pits, or where 
the position of the pit offers great natural advantages: the tub 
system ot counterbalancing requires an incline on the surface of 
considerable length, and of varying gradients, made to suit the 
changing weight in the shaft. The method of counterbalancing 





winding engines now generally in use is to have a counterbalance 
staple or small pit, and a band of heavy chain attached to the 
end of a 2in.X Lin. or 3in.x2in. flat chain, which is wound 
around a roll. ‘This kind of counterbalancing is illustrated in 
the sketch No. 3. 
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Before proceeding further, the writer proposes to make a short 
statement in reference to the engines to which -his diagrams 
refer. These engines are of the largest class used for raising 
coal in the north of England, and are provided with counter- 
balance staples. 

The engme of Seaham Colliery, No. 1 Pit, is a single vertical 
condensing engine, the diameter of the cylinder 67} in. 

Length of stroke, 7 ft. 

Pressure of steam in boilers, 14 1b. per square inch. 

Depth of the shaft to the Hatton seam, 1530 ft. 

Depth of the counterbalance staple, 210 ft. 

The load is 4 tubs. 

Number of engine strokes in drawing the cage to bank, 214. 

Diameter of ropes rolls, 21 ft. 2 in. 

Diameter of counterbalance rolls, 5 ft. 6 in. 

Diameter of main pulleys, 16 ft. 

Height of pulleys above flat sheets, 41 ft. 6 in. 

Flat wire ropes are used, 6 strands Jin. by 44 in. 

Weight of the pit rope per fathom, 35 lb. 

Weight of counterbalance chain, 126 lb. 

Weight of bunch of chain at the end, 25 ft. long, 90 cwt. 

cwt. qr. |b. 

Weight of empty tubs, each ... oso, er 

Weight of coalineachtub  ... ow. 8 0 16 

Weight of empty cage ... 406 +o 80 0 0 

Weight of chains attached to the cage... 3 2 0 

The weight to be lifted by the engine is consequently (not 
including the weight of rope): 

ewt. qr. Ib. 
leage ... ose ove oo 80 0 O 
Cage chains se eee om 2 f 
4 tubs at 4cwt. 3qr. 12 1b. ... 19 1 20 
Coal at Scwt. Oqr. 16lb. ... 32 2 8 


Total ... 85 2 0=95761b. 
Against this comes the load goiug down, viz. : 
ewt.qr. 1b. 
leage ... eee eee ». 80 0 0 
Cage chains... ‘ig mam & 3 8 
4 empty tubs at 4cwt.3 qr. 12]b. 19 1 20 


Total ... 52 8 20=5924]b. 

The actual lift of engine varies of course with the length of 
rope suspended in the shaft, the leverage on the rope-roll, &c. 

To show the difference between a flat rope and a round rope, 
the author compares for the above engine the actual lift of a 
round rope on a drum 23 ft. 3 in, in diameter with that of a flat 
rope on a drum of 21 ft. 2in., increasing up to 24 ft. din. 
in diameter. The load or resistance (i.e, feet of leverage mul- 
tiplied by .pounds of weight) against the engine with a round 
rope is at the starting 208,000 foot-pounds, and at the end of the 
winding 116,000 foot-pounds, and the load helping the engine 
71,000 foot-pounds, and at the end 163,000 foot-pounds, which 
gives a resultant of 137,000 foot-pounds at the lite and 47,000 
foot-pounds at the end. This is somewhat modified in the 
second case, when a flat rope is used, where the load against the 
engine varies from 198,000 foot-pounds to 119,000 foot-ponnds, 
and the load in favour of the engine from 75,000 foot- pounds 
to 159,000 foot-pounds, which gives a resultant varying from 
123,000 foot-pounds to 40,000 foot-pounds. The difference is 
owing to two reasons: Ist, the diameter of the rope-roll for the 
flat rope alters with the length of rope paid out from 21 ft. 2 in. 
in diameter to 24 ft. 5in. diameter, whilst’ the drum for the 
round rope is constant, 23 ft. 3 in. diameter; and, secondly, in 
consequence of the flat rope being heavier than a round rope of 
the same strength, viz., as 35 1b. per fathom to 301b. per 
fathom, 

The engine, as at present arranged at No. 1 pit at Seaham 
Colliery, the property of the Right Hon, Earl Vane, exemplifies 
the action of the system of counterbalancing as usually in opera- 
tion in this district. ‘The work done in drawing the rope and load 
varies from 198,000 foot-pounds at the commencement to 119,000 
foot-pounds at the end or surface. This reduction would be greater 
still but for the increasing leverage due to the increasing size of 
the roll, the coils of rope folding upon each other ; the assistance 
rendered to the engine by the descending load and rope com- 
— at 76,000 foot-pounds, and increases to 159,000 foot- 

unds. 

_ The resultant varies from 123,000 foot-pounds at the be- 
ginning up to 40,000 foot-pounds at the end of winding, so that 
during the last five strokes the engine is doing no efficient work. 
The counterbalance strain remains almost constant for some 
time, which is due to the fact that the decreasing size of the 
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counterbalance roll nearly counteracts the increased weight of 
the counterbalance chain as it is unwound. As soon as the 
lower end of the heavy bunch reaches the bottom of the staple, 
and gradually coils itself on the bottom of the staple, the strain 
begins to diminish until the chain is all unwound. The strain 
is then suddenly altered, coming almost at once against the 
engine, instead of aiding it, and this action continues to the 
conclusion. The engine, when working with the counterbalance, 
begins at 65,000 foot-pounds, and ends at 17,000 foot-pounds, 
showing a maximum. ; 

The sudden change in the direction of the motion of the 
counterbalance chain causes a heavy shock. In order to prevent 
these heavy shocks, which are very destructive to the machinery 
and to the ropes, it occurred to the writer that it would be ad- 
vantageous to employ two counterbalances, one to change a 
stroke before, and the other to change a stroke after the cages 
reached meeting. An arrangement of this kind was tried by the 
writer at No. 3 pit, at Seaham Colliery, by which means the 
shock referred to was greatly reduced. ‘The engineer at Seaham 
Colliery then proposed to make a band of great length, and 
hang it upon the side of the staple by an extra chain. ‘The 
arrangement at present actually in use at Seaham Colliery, 
No. 3 pit, is a combination of the two last systems. The two 
counterbalances change two strokes apart, one a stroke before 
and one a stroke after meeting. The first one is a 2 ton band, 
12 fathoms long, hung upon the side with a 1} in. chain in such 
@ manner as to begin to hang itself on the side at the end of the 
third stroke, whereas the other counterbalance, represented by 
the full line, is a common counterbalance band, 2 tons 5 cwt., 
attached to a 2 in. and 1 in. chain, as before described. 

The last system to be brought under consideration is the 
spiral drum, lately re-introduced in the Lancashire district. 

A scroll drum, varying from 20 ft. to 30 ft., being the same 
as is actually in use at a pit in Lancashire, when applied to the 
present Seaham engines, with the only difference of a round 
rope of 30 lb. per fathom, being taken in lieu of a flat rope of 
35 lb. per fathom, would give a maximum load against the 
engine of 193,000 foot-pounds, and a maximum aid to engine of 
153,000 fnot-pounds, which gives a resultant varying from 
99,000 to 8000 foot-pounds, with no perceptible deviation from 
the mean line in the diagram representing this action. 

With scroll drams of steeper inclination, the beauty and 
regularity of the diagram lines becomes still greater, but it is 
very dangerous, and almost impracticable, to use very steep 
scroll drums. 


A Facrory Cxurmney.—Messrs. Cox Brothers, of the 
Camperdown Linen Works, Lochee, near Dundee, have had 
erected a factory mma 282 ft. high, and of a design quite 
superior to the ordinary class of such structures. The tower is 
square up to a height of 230 ft., where there is a balcony, and 
from this point to the summit, about 50 ft. higher, it assumes 
an octagonal form. The tower is constructed in Italian panels, 
ornamented with white and other coloured brick. The long 
central panels of the shaft, which reach up to the balcony, 
terminate in arches finished with red and white brick, and in 
the head of the panels there are also dumb clock faces orna- 
mented in the same manner. Above the arch into which the 
central panels run, there are two smaller —_ on each face of 
the square, carried up also with rounded heads, and above 
these there is a broad Grecian frieze of particoloured brick. 
Immediately above this again the square portion of the tower 
terminates by a balcony. The balcony and cornices are com- 

d of white brick, and around it there is a strong and 
Righty ornamented white railing fixed into the four ornamental 
turrets which rise from the corners of the balcony. From the 
balcony to the upper part of the chimney the form is octagonal, 
and there are long and slender panels in each face, with borders 
in white brick —— to each panel, terminating in small 
arched heads, also diversified by coloured brick. Above the 
yanel head comes the heavy moulded coping of the stalk, firmly 
fended onthe top where exposed to the weather. ‘The great 
square tower is quite distinct from the chimney proper, which 
rises within in a circular form to the balcony. Up one of the 
interstices thus formed, at the south-east corner, there are 
strong iron rods built into the wall, so that the balcony can be 
reached at any time. The thickness of the walls at the sur- 
face of the ground is 5 ft., and at the top of the centre shaft the 
walls are 2 ft. 5 in. in thickness, and at the top they are 18 in. 
The walls of the inside chimney are 18 in. thick at the surface, 
and reduced to 14in. at the top of the first panel. From this 
to the balcony they are 14in., and from the balcony to the top 
9in. thick. The ashlar base of the chimney is 30 ft. square, 
and the brickwork above the ashlar 24 ft. 6in., and the stalk is 
then a regular taper up to the balcony, where it is 20 ft. 
square, and from thence the octagon part tapers slowly to the 
summit. The diameter of the stalk at the bottom where the 
flues enter it, of which there are several, is 14} ft., and 13 ft. 
Bin. at the top. The whole work reflects great credit upon 
Mr. Maclaren, the architect, The stalk was begun in June 
last year, and suspended during the winter, when about 180 ft. 
had been built. fn April this year operations were again com- 
menced, and the stalk is now finishec. Considerbly more than 
« million of bricks have been used in its construction, its 
weight is not far short of 5000 tons, and the cost of the chimney 
was, we believe, G000/, 

BrAZILiAN Exurprrion.—As we sc me time since announced, 
there will be held, in October, at Rio de Janeiro, a National 
Exhibition of the husbandry and industrial products of the 
country. Connected with it will be an exposition of agricultural 
machines and instruments sesnaieataned fa foreign countries. 
The exhibitors of these must pay the expense of transport, and 
cannot compete for the premiums. The articles, if atterwards 
re-exported, will be free of duty; if sold, they will be charged a 
duty of 1) per cent. ad valorem. 

AMERICAN MANUFACTURES.—Lowell is the principal seat 
of the American cotton manufacture ; the mills there now work- 
ing about half a million spindles and upwards of 10,000 looms. 
The town of Fall River, in Massachusetts, is, however, rapidly 
extending its manufactures, and it is stated that when the new 
mills there are completed, the place will ber more spindl 
than Lowell. ‘ 








Sream Fire Encine Com- 
PETITION AT BrapFrorv.—On 
Saturday, the 25th inst., a com- 
petitive trial of steam tire engines 
took place at Bradford, the cor- 
poration being represented by 
Mr. Alderman Pollard, Mr. 
Councillor Reed, and other in- 
fluential members, while Mr. 
Turner, of the Bowling Iron- 
works, and several engineers 
also took great interest in the 
proceedings. The trials were 
two in number, at the Beehive 
Mills reservoir at 8 a.M., and 
later in the day at Rouse’s Mill, 
Canal-road. The engines were 
one of Shand, Mason, and Co.’s 
medium vertical, so well known 
at London fires, and one of 
Merryweather and Son’s double 
cylinder horizontal, also medium 
size. ‘The weight of the former, 
as taken by the City authori- 
ties, was a few pounds over 
35 ewt., the weight of the latter 
was estimated at at least halfa 
ton heavier, the makers object- 
ing to the weight being taken. 
The time that elapsed from 
lighting the boiler fire till water 
issued from the jet was nine 
minutes in Merryweather and 
Son’s engine and eleven anda 
half in that of Shand, Mason 
and Co.'s, the advantage gained 
in time arising from tlie plenti- 
ful use of petroleum or other 
fatty matter, and the construct- 
tion of the firebox of Merry- 
weather and Son’s engine, which 
is made Without a water-casing. 
There was no elevated object 
from which the actual height of 
the jets could be ascertained, 
but there was an excellent 
opportunity of judging of the 
comparative heights, as there 
was little or no wind. The jets 
used ranged from § to 13 in., 
and were intended to be the 
same in each engine ; those in 
Shand, Mason and Co.’s, when 
measured, were found to be the 
exact indicated diameter, while 
those of Merryweather and 
Son’s were all slightly smaller. 





FIRE-PROOF CONSTRUCTION. 
(For Description, see Mr. Ingle’s Paper on Page 158.) 
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In some of the trials little or no 





difference in height could be ob- 
served, but with the four § jets 
and the single 14 in. jet of Snand, 
Mason and Co. were decidedly 
the highest; the body of water 
was also thrown to a greater 
height by the engine of the latter 
firm. All the spectators seemed 
much pleased with the excellent 
performance of the engines, 
which will, no doubt, pave the 








way for the rapid introduction of 
steam power for fire-extinguish- 
ing in the northern and midland 
counties. 

THe ATLANTIC TELEGRAPH. 
—The American papers receive 
telegrams within two hours 
after they leave London. Here, 
however, the stock and gold 
quotations are first sold to sub- 
scribers, and only published in 
the papers two or three days 
afterwards. The overland Rus- 
sian-American telegraph will, it 
is expected, be soon completed, 
and we shall then have competi- 
tion. 
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Coat FoR THE SEWAGE Pumpinc ENGrInEes—The con- 
tracts for the supply of coal to the pumping stations of the 
Metropolitan Board ot Works require the delivery of 1150 tons 
per quarter at Crossness, 500 tons per quarter at Deptford, and 
125 tons a month at Cremorne. 

Tue “ Mackay” Guy.—How is it that Mr. Mackay always 
has the columns of the Times open to him wherein to proclaim 
the marvels of his gun? All rifled guns are “ Mackay ” guns 
if they are fired with smooth shot and a papier maché wad or 
copper saucer at the back of the shot, to take the rifling. The 
papier maché wad is General Timmerhans’s, of the Belgian 
artillery; Mr. Mackay employs a compressed sawdust wad. 

Bessemer Raits.—The chairman of the London and North- 
Western Railway Company stated, at the last half-yearly meet- 
ing, that 63 miles of their line had new been relaid with steel 
rails. The report of the Great Northern Company states that 
they have adopted them for all their principal stations and 
inclines. It is evident that what is considered requisite for 
inclines of but 1 in 200 must be good for the whole line, and, 
no doubt, they will soon be adopted over the whole system of 
the Great Northern, as it is the intention to adopt them on the 
London and North-Western. 

Rartway Workrxc.—The well-known Mr. Adams, who 
turns up at so many railway meetings, finds that the working 
ex of the Great Western Railway are 2s. 10d. per train 
mile, and those of the London and North-Western 2s. 84d. 
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CompPeNsATION.—The South-Eastern Company have paid 
72,2881. in “compensation” during the year ending July 31st, 
or, including law expenses, equal to one per cent. upon the con- 
solidated stock of the company. 

Tue Lorp Warpen.—This ship has made her preliminary 
trial, and, with sixty revolutions of the engines—Messrs. 
es triple cylinder plan—attained a speed of 13.1385 

ots. 

Tue Monarcu.—This double-turret ship of 5100 tons will 
have 1100 horse engines, the cylinders probably of 120 in. in 
diameter, if made, as it is understood they will be, upon Mr. 
Penn’s patent, and by Messrs. John Penn and Son. 

Borter Expioston.—A marine boiler, made by Cootes, of 
Belfast, exploded on Monday night, on board the Talbot, near 
Morecambe. The engineer, second engineer, and a fireman were 
killed by scalding. It was believed by witnesses who examined 
the boiler :that a flaw existed in one of the plates between the 
rivet-holes. The boiler had been proved, however, to 60 Ib., and 
it exploded at 22 1b. 

Tue Miptanp Rartway Works at Dersy.—The Times 
reporter, in sketching the excursion of a portion of the mem- 
bers of the British Association to Derby, gives an almost roman- 
tic account of the process of blocking and setting a railway 
tyre. The works employ 2000 men, and in all 3800 are em- 
ployed in the engine and iage departments of the Midland 
Company. Of 560 engines on the line, 420 are in steam daily. 
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Ar the meeting of the British Association, Section G, on 
Thursday week, Mr. W. E. Carrett, of Leeds, read a paper, of 
which we give the following slightly abridged abstract, upon a 
hydraulic coal-cutting machine: . 

This self-acting, hydraulic coal-cutting machine, which has 
now been two years at work, does not dispense with the miner’s 
labour, but performs for him the undercutting, which is a most 
laborious operation, either in the end or face of coal, and in a 
more efficient and economic manner than he can do it himself. 
The coa! so operated on by the machine does not fall forward 
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when becoming detached from the roof, but settles on the lower 
bed, thereby avoiding serious accidents. The saving in coal 
alone more than pays for the outlay; and it is practicable tocut 
with the most perfect ease into the floor of mine, thus prevent- 
ing ail waste of coal whatever. ' 

The size of the coul is improved, the amount of slack is con- 
siderably reduced, and a single seam will yield more, by one 
thousand tons of coal per acre, than when worked by hand 
labour in the usual manner. 

The machine undercuts “holes,” or “ kirves,” with a man 
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and boy as attendants, and completes the work with 
once going over, at the rate of fifteen yards per hour, 
and at any angle and height from floor or rails, being 
suitable for either ‘‘ dip” or “ rise” workings, and is 
capable of cutting the thinnest seams. The pressure 
of water which actuates this apparatus can be ob- 
tained either from the stand-pipes in the pit, or from 
pumps attached to any existing engine, or from an 
engine and pumps specially made for the purpose. 
The quantity necessary is only what is sufheient to 
fill the circuit of the pipes, using it over again when 
desirable, as in the | sak press. Any idea of a 
large volume of water being necessary may therefore 
ut once be dispelled. There is also no leakage what- 
ever. 
Each machine uses thirty gallons of water per 
minute, at about 300 1b. pressure, according to the 
hardness of the coal or mineral to be operated upon. 
In cutting the shale of the Cleveland ironstone band, 
a somewhat greater pressure is found to be necessary. 
There is no limit to the pressure of water that 
may be used, nor the distance it may be forced with- 
out loss of power, beyond that due to its friction 
along the pipes. The same water pressure is also 
applicable to work pumps and rotative engines for 
hauling, &c., and other requirements in the mine, at 
a distance from the engine power. 
In cases where there is a fall of water, say of 
100 lb. pressure, it can be intensified by a self-acting 
machine to 400 Ib. pressure, to work the coal-cutter, 
but sacrificing three-fourths of its bulk, which is 
thereby set free. 
The water is supplied in a continuous stream; it 
is, in fact, the medium through which the mechanical 
power is applied direct from the first coal-fed motor 
(a steam engine and pumps), in lieu of the usually 
developed power derived from vital energy, and ap- 
plied to the handle of a pick, effecting the desired 
object by a series of percussive blows or impacts. 
The power of six men is equal to one horse, and 
is six times more costly; and the power of one 
horse steam motor, or engine, is eighty times cheaper, 
than six men. ‘The machine is about three horse power 
and weighs one ton, and will work either right or left. (See 
dotted lines on ground plan.) It is self-acting in all movements, 
and will ascend the steepest gradients; being simple in all its 

rts, it is not liable to get out of order, and is easily managed 
- an ordinary miner, and transported from place to place, on 
4 ordinary rails, about the mine. 

Although the length of stroke of each cutting tool is 18 in., 
the practical cutting length is 16in., and, consequently, the 
three cutters jointly give a total effective depth of 4 ft. at each 
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stroke of the machine, finishing the work as it goes along. 
The mechanism employed consists of an hydraulic reciprocating 
engine, adjustable to any height and angle, having a self-acting 
valve motion. The cylinder is 4} in. diameter, and lined with 
brass, and the piston made tight with ordinary hydraulic leathers, 
easily renewable. Within the piston-rod is attached the cutter 
bar of steel, carrying the tools or cutters. ‘These can be varied 
in number to suit the depth to be holed at one operation. The 
cutting tools are of double sheer steel, easily made, and very 
strong, and can be removed and replaced in a few moments; 
they are readily sharpened on an ordinary grindstone. The 
cutter bar js also removable, when transporting the machine 
from place to place, for which purpose the main cylinder is, for 
the time being, placed longitudinal with the rails, (See dotted 
lines in Fig. 1.) 

The machine in operation fixes itself dead fast upon the rails 
during the cutting stroke, and releases itself at the back or 
return stroke, and travérses forwards the requisite amount for 
the next cut, without any manual labour. Should the tools be 
prevented making the full stroke at one cut, they will continue 
to make more strokes at the same place, until the maximum 
depth is attained, when only the machine will traverse itself 
forward the required amount for the next cut. ‘Thus, at one 
operation, a uniform straight depth is attained, parallel with the 
rails, inducing an even fracture when the coals are brought down, 
and thereby a straight line for the new coal face. There is no 
percussive action, either against the roof or into the coal, but 
simply a concentrated pressure, producing a steady reciprocating 
motion, at fifteen strokes per minute. There is, consequently, 
no dust or noise, and little wear and tear. 

For the same reason, when cutting pyrites, the tools throw 
out no sparks, and the workman can hear any movement in the 
coal or roof. 

The required height from the line of rails in the ‘ holeing,” 
“ kirving,” or “ bareing” varies in different mines; it follows 
that the hydraulic cutting cylinder, and its direct action cut- 
ting tools, have sometimes to be arranged above the carriage, 
and sometimes beneath the main carriage, or close down upon 
the rails, as is illpstrated in Figs. 1 and 2. Fig. 1 is the main 
carriage, with four wheels far enough apart to allow the 
machine to be placed longitudinally when being transported 
from place to place. The screws, Y Y, are for raising and 
lowering the carriage and its cylinder and cutting tools. The 
pinion, Z, and the segmental rack, H, regulate the desired 
angle of the tools eutting into the coal face, and the two nuts 
at each end of carriage, zz, regulate the angle required, when 
necessary that it shall not be in the same plane as the rails. 

AA Aare the cutting tools, B the cutter bar, N a guide roller 
for the same. D is the main cylinder, with its self-aeting 
hydraulic valve motion, which passes a portion of its water 
alternately above and below the piston of the holder-on, which 
thus rises and falls without percussion, and follows the uneven 
line of the roof of mine, so that the required stability is 
given to the machine for the time being an instant before the 
cutters enter the coal. 

The “ holder-on piece” can be any length necessary to bridge 
over gaps in the roof: it is loose on the pin, F, and droops at 
its leading end to enable it to ride over the varying projections 
in roof. 

The traverse motion is actuated by the pin, b, which connects 
the cutter bar with piston rod, and at the termination of each 
end of its stroke actaates the lever, d, in both directions, which 
operates on the pall, e, which causes the chain-pulley to revolve 
on the chain, i, made fast ahead by an anchor-prop between 
floor and roof, 

The cost of each self-acting coal-cutting machine as here 
described, without its anchor-prop, traverse chain, or pipes 
is 1251." . 

In arranging the engine and pumps required tomake a “ con- 
tinuous stream ” of water pressure for working these machines, 
it is preferable to have two steam cylinders, so that there be no 
dead centre. They are constructed to work one, two, or four 
machines, at a cost of about 125/. per machine, exclusive of 
pipes, which, if for one machine, are of 2 in. bore, wrought iron, 
a superior quality of gas pipes to stand 500 1b, pressure, at 
3s. 6d. per yard. These pipes are screwed together in the 
ordinary marmer, and adapt themselves readily to the irregn- 
larities of the floor of mine. A flexible pipe, 14 in. bore, suitable 
for the same pressure, allows the machine to traverse. 

Machines may be seen at work in Messrs. Locke and Co.'s 
Kippax Colliery, near Leeds, They are in operation in Scotland, 
Northumberland, Yorkshire, and Staffordshire, and in the Cleve 
land ironstone bed; and are being introduced into the copper 
mines of Brunswick, and to work in the anthracite coal-fields of 
the United States. 


RAiLway Emptoyves.—Tlhere are about 150,000 menem- 
ployed upon the railways of the United Kingdom. The chairman 
of the Great Northern Company, stated at the late meeting 
that their system employed 9000 men; and the chairman of the 
London, Brighton, and South Coast stated at the meeting of that 
company that they employed 7500 men. We do not know the 
numbers employed by the London and North-Western, but 
there are 3500 at Crewe, and probably 20,000 in all. 

Rampway Brus. —Of the railway bills bronght forward 
during the last session, no less than 211 affected the Great 
Western Railway, and of these 104 received the Royal assent. 

Money Grants.—Of the 2265/2 recommended this year for 
grants by the British Association, but 1504 is for the section of 
Mechanical Science. Of this, 100/. is for the analysis of the 
reports on steamship performance, and 25/. for reports upon the 
manufacture of iron and steel, and the same amount with respect 
to the patent laws, 

Wsicnts AND MrAsvurrs.—By a recent Act the custody of 
the standard weights and measures, heretofore deposited in the 
Exchequer at Westminster, is vested in the Board of Trade. 
The trial pieces of gold and silver for coins are to be deposited 
with the Treasury. 


yyalty for each machine are 


* It appears that the terms of rm 
or an annual royalty 


either 5007. for the absolute use thereof, 





Ar the meeting of the British Association, Mr. J. B. Fell read 
a descriptive paper on locomotive engines and carriages on the 
centre-rail system for working on steep gradients and sharp 
curves, as employed on the Mont Cenis Summit Railway. After 
alluding to the various difficulties presented to the advance of 
railway construction by mountain ranges, and the efforts made 
to overcome them, it was stated that the use of the centre rail 
was first thought of by Messrs. Vignoles and Eriesson in 1830, 
and proposed to be applied to the inclines on the Manchester 
and Liverpool Railway, but it was not put into operation. In 
ignorance of what was then done, Baron Leguir, in France, the 
writer, and others, also applied their minds to a solution of the 
problem of constructing railways over steep gradients. It was 
not till Mr. Brassey and the writer built a centre-rail engine, 
and laid down a length of line on that plan on the Cromford 
and High Peak Railway for experimental purposes in 1863, that 
the system was put into practical operation, the experiments 
being entered into in order to satisfy the Italian Gouernment as 
to the feasibility of laying down a line on a similar principle over 
one of the Alpine passes. The mean gradient of the first twenty- 
four miles of the line froin St. Michael to Lanslebourg is 1 in 60, 
with a maximum gradient of 1 in 12; the other twenty-four 
miles the mean is 1 in 17, and over the whole length there are 
at intervals curves of two chains radius. The line rises to an 
elevation of 7000 ft., and is exposed in places to avalanches and 
heavy snow-drifts, where it will be suitably protected. The 
system of locomotion adopted was that of a third or traction rail 
on which adhesion could be obtained by horizontal wheels, worked 
by the engine in conjunction with or independently of the 
ordinary driving wheels, which admitted of the weight of the 
engine being reduced to a minimum, while the pressure upon the 
middle rail could be carried to any required amount, and gra- 
dients of 1 in 12 worked with as much certainty and safety as 
those of 1 in 100. The centre rail also furnishes the means of 
applying most powerful brakes for controlling the descent of the 
trains, and greatly diminishes the frictional resistance in passing 
round sharp curves. Besides this the centre rail rendered it al- 
most impossible for the train to leave the rails. For the drawings 
and description of Mr. Fell’s engines, and the results of the 
trials both in England and on the Mont Cenis, we must refer 
our readers to pages 7 and 8 of the first volume of ENGINEER- 
ING, in order to avoid, repetition. 

In November and December last the French and Italian 
Governments granted conces-ions authorising the railway on the 
imperial postal road over the Mont Cenis, with a width of about 
13 English feet, and a company has since been formed to carry 
out the undertaking. The works were commenced in March; 
they are already half finished, and the line is expected to be 
opened in April or May next. The carriages, as well as the 
engines, are each furnished with four horizontal wheels, which 
have flanges underlapping the centre rail—these act both as 
guide and safety wheels, preventing the carriages from leaving 
the rails, and by guiding them round the curves greatly diminish 
the frictional resistance and the tractive power required 

The following is the estimate of gust of the Mont Cenis 
Railway : 





Works (road being bad) per mile ... we +. £1000 
Covered ways ang stations eee eee 1000 
Permanent way... soe eee é00 ww. 2500 
Rolling stock oss eee ese «se “ 750 
Interest during construction and trials... ese 750 
Total cost per mile... eee - £6000 
WorkinG Exrenses. 

s. d. 
Working expenses per train mile ... eve 4 6 
Locomotive power included in above eco oo 2 O 
Average passenger fares. ... eee vee oe I? 7 
és rate of carriage for goods per ton «. 38 5 

Cost of locomotive power from Susa to St. Michel, 
er passenger coe eee eee eee eee 1 4 

Cost of locomotive power from Susa to St. Michel, 
« 48 


see aoe ene eee 


per ton ... 


Tur AERONAUTICAL Soctety.—At a meeting the council 
lately held at the residence of Mr. Glaisher, F.R.S., it was re- 
solved, That sub-committees should be formed for the considera- 
tion of certain subjects connected with the society’s operations, 
and the undermentioned gentlemen were nominated thereto, 
with power to increase their number from among the members 
1. For the best means of causing a balloon to aseend and de- 
scend, either by mechanical or chemical aids, so as to economise 
the use of gas and ballast:—Mr. W. Fairbairn, Mr. F. H. 
Wenham, Dr. Diamond, Mr. A, Follett Osler, Mr. Beverley 
Fenby. 2. To consider the law of resistance of inclined sur- 
faces moving in elastic and non-elastic fluids, as air and water, 
and the result and force obtained at right angles to the direction 
of motion. Experiment has shown that as the velocity is in- 
creased, and the angle of inclination diminished, the centre of 
effort of the plane approaches forward, wotil nearly the whole 
effect of reaction or support is transferred to the front edge. It 
therefore follows that, in very acute angles with the line of 
motion, a given extent of re-acting surface at high velocities 
will be most effective is disposed in a narrow plane extended trans- 
versely to its direction. An investigation of this principle will de- 
termine the best ratio of surface to speed in the long and narrow 
wings of birds of extended flight, in the blades of reciprocating 
and screw propellers, and in the sails of vessels for sailing near 
the wind:—The Duke of Argyll, Lord Dufferin, Mr. James 
Nasmyth, Mr. J. E. M‘Connell, Mr. Glaisher, and Mr. Wenham. 
3. To consider upon the best means of procuring a balloon for 
experimental purposes :—The Duke of Sutherland, Mr. Glaisher, 
Mr. Westcar, Mr. Wright, Mr. Magnus Ohren, and Mr. J. E. 
M‘Connell. Mr. Frederick Brearey (hon. secretary) was nomi- 
nated an ex officio member of each committee. Lord Dufferin 
has been elected one of the vice-presidents, aud Mr. J. E. 


NOTES ON STEAM VESSELS. 


Tue Dwarf, serew steam vessel, having a fine run, attained a 
speed, of 9.1 knots an hour. On filling out the stern by three 
layers of planking, until its form corresponded to that of a vessel 
with a full stern, the speed fell off to 3.25 knots. On taking off 
one layer, the speed rose to 5.75 knots, and on removing it entirely 
9 knots were made, which was nearly the speed on the first trial, 
before filling. 

Paddle-wheels are mentioned by Vitruvius, who states that 
even in his time all record of the name of their inventor had been 
lost. Professor Pancirolle, of Padua, saw (about 1587) on 
Roman coin representations of war ships, each furnished with 
three paddle-wheels on either side, to be set in motion by bul- 
locks; such war vessels the Romans are said to have used during 
their first war against Carthage. Between 1687 and 1693 Prince 
Rupert possessed a paddle-wheel boat in London, which was 
moved by horses; and about the same period the French engi- 
neer, Dugnet, was trying experiments at Havre and Marseilles 
with vessels of a similar description. 

Colonel Beaufoy found the friction, upon the water, of 50 
square feet of smoothly-painted board, which had been for a long 
time immersed in the water, to be 7.75 Ib. at 4 nautical miles an 
hour, and 25.04 Ib. at 8 knots. The ratio of increase was con- 
siderably less than as the square of the velocity. Assuming the 
same rate of friction for the immersed sarfaces of the Great 
Eastern, we should have, at 8 knots an hour only, 40,000 square 
feet, and 20,000 lb. frictional resistance, the latter being over- 
come at 812 ft. per minute. The power expended in friction 
alone would, therefore, be nearly 500 horse-power, whilst at 16 
knots quite 3500 horse-power would be required. 

An iron boat constructed by Mr. Harvey, of Hale, and em- 
ployed for some time on the Rhine, drew but 10 in. of water. 
The river steamboat Endeavour, built in 1829, had oscillating 
engines constructed by Maudslay. 

A steamship like the Persia would be drawn through the 
water at the rate of 14 knots or 16 miles an hour by a weight 
of about 25 tons, suspended over a fixed pulley. The descent 
of a weight of 30 tons at the rate of 1500 ft. per minute would 
give an effect equal to 3000 horse-power, about the full indicated 
power of the Persia’s engines, 

The hydraulic experiments conducted by Colonel Beaufoy for 
the Society for the Improvement of Naval Architecture, and 
those made in Sweden at nearly the same time, and for the pur- 
pose of ascertaining the same results, cost upwards of 50,0000. 
Mitchell’s Steam Shipping Journal states editorially that a 
3000-ton steamship, with 800-horse engines, has been checked 
when running at full speed, her engines reversed, and stern way 
gathered in three times her own length, or in 1000 ft. 

The caloric ship Ericsson, at the time it was tried at New 
York, was said by those who have the means of knowing, to 
have steam boilers on board in which a pressure of 90 lb. per 
square inch was maintained during the trials. 

Colonel Beaufoy found that the friction of a smoothly 
painted board upon water was one-eighth more when the 
board had been allowed to soak some time in water than when 
dry. 

“The Don Diego, an iron sailing vessel built by Messrs. Scott 

and Co., of Greenock, once made the run from Valparaiso to 

Cardiff in 57 days. The Don Diego is 140 ft. long, with 24 ft. 
am. 

At the beginning of the year 1856, the iron-cased battery 
Thunderbolt was commenced by Messrs. Samuda Brothers, and 
finished in three months. This battery was first constructed 
like an ordinary iron vessel, after which the whole of the hulk 
above, the water-line was cased by 6 in. teak planks, and outside 
the p'anks by 4 in. armour-plates of wrought iron. 

The first iron steamboat built upon the Thames was the Day- 
light, constructed by Ditchburn and Mare, of Rotherhithe, in 
1838. At the time Mr. Ditchburn undertook to substitute 
iron for wood in the construction of steam vessels he was 
regarded by the profession as labouring under a mental halluci- 
nation. 

The friction of the sides of floating bodies upon the water 
has been found to be less at the depth of a few feet than at the 
surface. 

The first steam vessel constructed in the port of London was 
one built for Lord Stanhope in 1795. The paddles were made 
in imitation of the feet of a duek, and were placed under the 
quarters of the vessel, but the mechanism did not answer. 

In 1854 there were six breakages of shafts in the forty steam 
vessels of the Peninsular and Oriental Company’s fleet. In 
1855, with forty-one ships, there were two breakages; in 1856, 
seven breakages; in 1857, with forty-two ships, five breakages; 
in 1858, with forty-four ships, seven breakages; and in 1859, 
five breakages. 

Feathering paddle-wheels were applied forty-two years ago to 
the first iron steam vessel ever built. 

Wooden sailing ships have occasionally remained sound after 
100 years’ active service. 

In all American steam vessels, whether for ocean, lake, or 
river navigation, the steersman is placed near the bows, the 
wheel being connected to the rudder by long chains passing over 
rollers. ‘The steersman keeps the look out, neither the captain 
nor officers being charged with that duty. 

A semicircular form gives the least friction for the bottom of 
a vessel of a given displacement. A triangular form has the 
most stability. 

A timber-built American steamboat, the Knickerbocker, 
325 ft. long, and drawing only 6 ft. of water, was once caught 
amidships upon a narrow rock, notwithstanding which the hull 
was not strained, and the boat was got off without injury at the 
next high tide. The great strength of the bull, to resist such a 
test, was derived from the arched truss braces which span the 
length of most of the American steamboats. 

‘The lower links of chain cables, after having held a vessel 
during a storm, upon a rocky anchorage, are sometimes found 
to have been brightly polished by attrition on the rocks. 

The Great Western steamship, on her first outward passage, 
took out seven passengers. Qn her return, she brought eighty- 
seven passengers. 

Every 35 cubic feet of displacement of salt water by a floating 
vessel are equal to one ton of burthen, 
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MINIATURE YACHT ENGINE. 
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In a recent number of this journal (vide page 92 of the pre~ 
sent volume) we gave the leading particulars of a small steam 
no which had been lately launched upon the river Aire by 

fr. George Salt, and we now give engravings of the engines of 
the little vessel, these engines, with bdiler, &c., complete, only 
weighing, as we stated in our previous notice, 16 cwt. 1 qr. 21 Ib. 
As will be seen from the illustrations, the boiler is of the vertical 
class, and is fitted with “ Field” tubes. The diameter of the 
outer shell is 2ft. Gin. outside, and the total height 3 ft. 54 in. 
Part of this height is, however, taken up by the joint flanges, so 
that the height inside is about 3 ft. 1 in. The firebox is 2 ft. 2 in. 
in diameter outside, and 2 ft. 5in. high inside above the bottom 
of the boiler, whilst its height above the firebars is 1 ft. 9 in., the 
latter being raised in order to clear the screw-shaft which passes 
beneath them. ‘The top and side plates of the firebox are welded 
together, whilst the top plate of the boiler is flanged outwards and 
welded to the outer shel ; and, indeed, there is not a rivet about 
the boiler, all seams being welded up.’ In the engraving the 
firehole door is shown with a ring around it, but the boiler was 
actually made without this ring, the firebox plate being set out 
and welded to the shell in the same manner as around the bottom 
of the boiler. 

Into the centre of the top plate of the boiler is screwed a tube 
43 in. in diameter inside and 1 ft. 10in. high, this tube being 
closed at the upper end and forming a sort of steam dome. The 
top plate of the boiler is flanged up around the tube, so that it 
is thickened at that place and a better hold obtained for the 
screw. The smokebox is 5 in. high, and is formed by spreading 
the base of the chimney, whilst the latter is 2 ft. 9 in. high above 
the tube-plate and 94 in. in diameter inside, its capacity being, 
however, reduced at the lower part by the steam dome already 
mentioned, which extends up into it and thus forms a sort of 
superheater. The firebox and smokebox are connected by thirty- 
six steel tubes 1} in. in diameter outside, these tubes being 
screwed into the firebox tube-plate and rivetted over at their 


pp ends. Into the top of the firebox there are also screwed 
48 steel “ Field” tubes, these tubes depending nearly 12 in. into 
the firebox. The inner tubes of the “ Field” tubes are of copper. 


The top of the steam dome is connected to the centre of the 
top of the firebox by a strong stay bolt, as shown in the section. 

e heating surface of the flue tubes is 13.75 square feet, and that 
of the “Field” tubes 18.33 square feet,these surfaces making, with 
the 16.16 square feet of firebox surface, the total heating sur- 
face of 48.24 square feet. The boiler is cleaded with wood, and 
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the smokebox is surmounted by a neat casing of polished brass. 
The safety-walves, of which there are a pair, are-placed at 
the side of the boiler, and are held down by a spring balance 
placed between them, as shown in the elevation. The boiler 
was tested to 300 lb. per square inch, and is worked regular] 
at 2501b. per square inch. Steam is got up very readily, it 
being easily raised in ten minutes from cold water, whilst 
in - minutes a pressure of 15 lb. per square inch is ob- 
tained. 

As will be seen from the engravings, the engine is placed ver- 
tically by the side of the boiler; the cylinder, which, together 
with the valve-chest, is made of gun metal, being bolted to a 
bar or frame, which is in its turn secured by screws to packing 
pieces on the boiler shell. The diameter of the cylinder is 6 in., 
and the length of stroke 8in. The steam is supplied from the 
top of the steam-dome to the upper end of the valve-chest by a 
steam-pipe 14 in, in diameter, this pipe being furnished with a 
regulating cock conveniently placed. The valves are of the 
piston class, and are connected by a hollow spindle, which affords 
a passage for the steam from the top to the bottom of the 
valve-chest. The cylinder in which the valves work consists of 
an inner loose bush and an outer barrel, this latter being cast in 
one piece with the main cylinder. The inner bush, which 
carries the valve-spindle stuffing-box, is inserted from the 
lower end, and is secured by a nut at the top, as shown in the 
section. The eduction of the steam takes place from between the 
piston-valves, and the exhaust steam is led from the valve- 
chest hy two exhaust-pipes, each 1}in. in diameter, to a ring 
jet placed around the base of the steam dome. This ring jet 
consists of an annular pipe, perforated with twenty-six holes 
3, in. in diameter on its upper side, and is said to answer 
capitally. The arrangement is similar to that of some of the 
auxiliary steam jets applied to coal-burning locomotives, but its 
application to the exhaust for the cylinder is, we believe, new. 
Both the piston and piston-valves are packed with Mather and 
Platt’s helical packing. 

The piston-rod is 1} in. in diameter, and is forged solid with 
the upper half of the crosshead block. The crosshead is made 
in two — and is fitted with the brasses for the bearing at 
the small end of the connecting-rod, the two parts being bolted 
together, and having a bearing on the guide bars 2} in. wide and 
4in. long. The guide bars are supported by brackets bolted to 
the boiler, that connected with the lower ends of the bars also 
forming a guide for the valve-spindle. The connecting-rod is 
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made with a strap at its larger and a fork at its smaller end 
the crank bearing being 2 in. in diameter by 2 in. long, and the 
crosshead bearing 2} in. long by 14 in. in diameter. 

The bar or frame to which the cylinder is bolted is made at its 
lower extremity like the butt end of the connecting-rod, it being 
fitted with a strap embracing the crank-shaft bearings. The 
bar is 3in. wide and I}in. thick for the greater part of its 
length, but at the bottom, where it is fitted with the strap, 
these dimensions are increased to 3¢in. and 2} in. respectively. 
The crank-shaft bearing is 8 in. in diameter and 3 in. long, wit 
end collars 4in. in diameter. Astern of the bearing the shaft 
is gradually decreased to 2 in. in diameter, this being the size 
of the part which passes ‘under the boiler, whilst ahead of the 
bearing the diameter of 3in. is maintained through the disc 
forming one side of the crank, The crank discs are of wrought 
iron, and areeach 12 in. in diameter and 14 in. thick; they are 
hollowed out by the side of the crank pin, so that the other or 
full part balances the weight of the connecting-rod, piston, &c. 

In the outer crank disc there is fixed a central pin or short 
shaft, 14 in. in diameter, which carries the eccentrics. These 
latter are of wrought iron, and are 4} in. in diameter, with bear- 
ing surfaces Jin. wide. The eccentric rods are 9 in. long, and 
are connected to the ends of an open link 8 in. long between end 
centres. The arrangement of the reversing gear is clearly 
shown by the elevation in the accompanying engravings. The 
valve spindle is #in. in diameter for the greater part of its 
length, this aiameter being, however, increased to 14 in. where 
it passes through the guide so as obtain additional bearing sur- 
face. 

The engine is fitted toa yacht 265 ft. long by 5 ft. beam, and 
drives a small Griffiths screw, the regular working speed being 
850 revolutions per minute, whilst the power developed is con~ 
sidered by Mr. Salt to be fully 25 indicated horse power. The 

acht is also supplied with a set of Rigg’s blades for the screw. 

Ve have given a somewhat detailed account of this engine as it 
forms a very interesting example of what can be done in the way 
of reducing weight, by the employment of a quick working en- 
gine and a high pressure of steam; and as we stated in our pre- 
vious notice, we think that it, as well as the steam launch en- 
gines of Messrs. Penn and other makers, may afford some use- 
ful hints to our agricultural engine makers. The yacht engine 
and boiler were made by Messrs. Carrett and Marshall, of Leeds, 
and our engravings have been prepared from tracings of them 
with which we have been kindly supplied by Mr. George Salt. 
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THE WATERWORKS OF LONDON, 


At a time when the importance of an unfailing 
supply of absolutely pure water to the metropolis is 
becoming so generally recognised, and when it is con- 
sidered likely that the existing private companies may 
yet be pensioned off upon their present yearly divi- 
dends, and their works s single and 
great metropolitan aqued *"West- 
moreland, it will be conveniewt bo'take peal view 
of these works, and especiallytoftheir mode of collect- 
ing. raising, and delivering wafe¥*to consumers. 

he metropolis, now nu ing upwards of three 
millions of inhabitants, and out 180 square 
miles, is supplied with watermby dant private compa- 
nies. The present supply averages about ‘33 gallons 
per head daily, or about 105-million gallons in all. Of 
this supply, nearly one-half ‘is#deawn, from'-the River 
Lea and from chalk-springs*néat Ware,-néarly one- 
half from the Thames, and thes restifrom the Kavens- 
bourne and from chalk-sprimgsim'the valley of that 
river. The New River and*tlie Bast London Compa- 
nies, supplying water from tW¢-valley of the Lea, de- 
liver nearly as much’ daily ag thé other six companies 
together. Not, of course, that the Lea is capable of 
supplying anything like the amount of water to be ob- 
tained from the ‘Thames, «The Lea, as gauged by Mr. 
Beardmore at Feilde’s Weir, twenty miles from the 
Thames at Blackwall, and five and a half miles below 
Ware Mill, discharged a mean.oyerflow of 11,800 
cubic feet per minute in 1851 (exelusive of the water 
abstracted "by the: New River), 17,892 cubic feet in 
1852, and 10,915 eubie feet in 1856. This was from 
a drainage area of 444 square miles, lying from 80 ft. to 
500 ft. above the sea. The length of the main stream 
above Feilde’s Weiris 31 miles,‘and of its tributaries, 
92 miles. Now) the Thames; above Staines (below 
Windsor, and only afew miles above London), has a 
drainage area of 3086 square miles, and its mean an- 
nual discharge is 100,000 cubic feet per minute, or 
900,000,000 ‘imperial ions per day—a quantity 
eight times beyond the present utmost requirements of 
the whole metropolis. 

The mean summer flow of rivers is, of course, much 
less than their, anmual mean, and that of the Lea at 
Feilde’s Weir may be set down at from 6000 to 8000 
cubic feet per minute, varying with the season. So 
great, indeed, is this variation, that Mr. Beardmore has 
gauged 106,975’ eubie feet per minute at one time 
(November, 1852) and only 4119 cubic feet at 
another. In addition, however, to these gaugings at 
Feilde’s, there is the-whole quantity abstracted above 
that point bythe ‘New River, partly from the Lea and 
partly from deep’ springs which would otherwise flow 
into that river. ‘Phis‘additional quantity is now about 
2700 or 2800:cubie feet per minute, on the average. 

As for the water ofthe Lea, we may quote here the 
observations ‘of Mr Beardmore, the well-known hy- 
draulic engineér, and the author of the valuable 
* Manual of Hydrology.” He says: “The Lea and 
‘branches take their rise among hills of gentle in- 
clination, with flat summits about 250 ft. to 350 ft. 
above the sea. The total area, above its junction with 
the Thames at Blackwall, is 700 square miles, but its 
more important feeders cease at 16 miles from the 
Thames, where the basin is about 500 square miles, 
and 100 ft. above the sea. Below this point there are 
clay lands on one side of the valley, and faults, which 
cut off the chalk beds, occur on the opposite side, 
so that in dry periods there is but little additional 
visible feed to the valley. This small river is well 
known for its pure sources in the tertixry sands and 
chalk-hills of Hertfordshire ; hence it has always been 
* a favourite water for the supply of London, and it 
is owing to the Thames having asimilar source, fora 
large org of its volume, that it bears such a 
high character as a pure potable water. One of the 
branches of the Lea has such great beds of sand and 
perennial springs, that the heaviest rains will not 
* produce a flood in the strict sense. It is not uncom- 
mon for many months to pass without a sensible 
* discoloration of the Lea water by floods.” 

The “ purity” of the Lea and ‘Thames waters, even 
at their original sources, is only relative, inasmuch as 
they contain more than ten times the solid matter per 
gal on to be found in the waters of the mountain lakes. 

ut in traversing large and thickly inhabited districts 
they necessarily become contaminated to some extent 
with sewage and the earthy and organic matters of 
surface drainage. The grosser particles may be, and 
are, separated by subsidence and filtration; but, after 
all, really pure water, unless it be agua pura, as dis- 
tilled by the chemists, is. unknown in Lenten. 

We shall divide our account of the water supply of 
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the metropolis into, notices of the works of the several 
companies, and of these the oldest and largest is the 


New River Company. 


The New River, begun in May 1609, and opened in 
1613, by Hugh Myddelton, who was knighted on its 
completion, has its source in the Chadwell spring, near 
Ware, ata distance of about 20 miles in a direct Tine 
from London. As originally constructed, potpe 
was 382 miles ; but. many of the bends—soméof them 
about Enfield, and between Southgate and ‘Hornsey, 
being of great extent—have been superseded by direct 
cuts, and the present length is 28 miles. The original 
uniform inclination of the river was said tot be 34 
per mile, and as the New River “ Head,” as the Léi- 
don receiving basin is still called, is 81.8 ft. above 
Trinity high-water mark, or 943 ft. above Ordnance 
datum (approximate mean tide’at Liverpool), the: real 
head or source of the “river” would thus have‘an 
elevation of about 914 ft. and 1033 ft. above the’ re- 
spective data. We believe, however, that the inelina- 
tion of the river was greater, sinee the level of the 
Stoke Newington reservoirs is 5.7 ft. above that of 
New River Head, being 87.5 ft. and 100 ft. above ‘the 
respective data. With the exception of the source at 
Chadwell, we give these and other levels as measured 
above Trinity high water, from the valuable a 
phical and contour map of the metropolis prepare 
Re W. Mylne, C.E., and published for him by Stanford, 
in 1856... The Chadwell spring was reported to the 
Board of Health, in 1856, to have a mean discharge 
of 500 cubic feet per minute, equal to 4,500,000. gal- 
lons per day. A little lower down, the Amwell well 
gives 196 cubic feet by pumping on a 30 ft. lift; the 
Amwell Hill well gives 285 cubic feet, on a 50 ft. lift. 
At Cheshunt, nearly halfway to London, is a well 
giving ‘50 cubic feet per minute, on a lift of 105.ft. 
These springs and wells do not, however, furnish one- 
fourth of the present supply, the remainder bemg 
drawn from the Lea, near Hertford, the sewage of 
which town is intercepted from the river. The 
proportion now drawn from the Lea is 85 per 
cent. of the entire supply. In 1856, the total 
quantity drawn directly from the Lea was 1340 eubic 
feet per minute, the powers of the company permitting 
them to take, if required, 2500 cubic feet. The total 
present supply from all sources is upwards of 2800 
cubic feet per minute, or above 25,000,000 gallons 
daily, and during the present summer the company has 
supplied 180 million gallons weekly. This quantity 
has been distributed over seventeen square miles of the 
metropolis, toa population cf upwards of half a million 
inhabitants, the number of houses supplied in July 
last being 112,245. This, of course, is exclusive of 
the 19,000,000 gallons drawn daily from the Lea, near 
Tottenham, by the East London Company. 

The “river,” or artificial shana: is of varying 
width and depth, at places 28 ft. wide, while in many 
parts it is hardly half that width. The “river,” in- 
deed, so far as we can learn, has never been accurately 
described, the officers of the company having, we be- 
lieve, always refused particulars of their works for 
publication. At any rate, they have repeatedly de- 
clined to contribute a paper upon them to the Institu- 
tion of Civil Engineers, and, beyond a few details 
seattered in various tracts and reports, the library of 
that body has absolutely no account of this, the 
principal undertaking for the supply of water to Lon- 
don, A popular account, with statistical details of the 
reservoirs, &c., appeared a few years since in a weekly 
paper s and Mr. Burnell, in his “ Visits to the 

sondon Waterworks,” published ten years ago, in 
the Journal of Gas Lighting, gave a few particulars 
not to be found elsewhere ; but, imperfect as it is, our 
own account will be found by far the most complete of 
any yet published of the New River works. Mr. 
Smiles Berm some little information from the 
engineer to the company for his “ Life of Sir Hugh 
Myddelton,” but he gives the delivery of water by 
the New River as equal to 42 square feet of section at 
two miles an hour, equal, as will be seen by calculation, 
to 7392 cubic feet per minute, which is much more than 
twice its present total flow. In describing the 
works of the other companies, we shall, with a single 
exception (and this not a Thames company), have the 
advantage of the kind co-operation of their engineers, 
and shall be able to give drawings of some of the 
engines, and various plans of value to the profession. 

The bed of the New River has been estimated to 
contain 117 million gallons. At Cheshunt are two 
subsiding reservoirs, of 18 acres 2 roods, and of an 
estimated capacity of 75,549,375 gallons. At Hornsey 
is an open reservoir of 39 million gallons; at Stoke 
Newington, 44 miles from Charing-cross, are two 


subsiding reservoirs of a collective area of 42 acres 
2 roods, and a capacity of 130 million gallons; while 
the New River Head, in Clerkenwell, ce an area of 
5 acres, and a capacity of 2,162,500 gallons. Be- 
sides these are the Hampstead and Highgate ponds, 
containing a supply of unfiltered water for streets. 
These are, however, much above the level of the 
r,” the elevation of the Hampstead ponds above 
y high water being respectively, the “ donkey 
pomd? 420 it. (about), the pond at the hotel 333.9 ft., 
andthe four below it 234.8 ft., 233.4 ft., 219.4 ft., and 
196:3'ft.; while the elevations of the Highgate ponds 
até'two at 300 ft., and one each 240.5 ft., 224.3 ft., 
223.5 ft., 210.8 ft., and 197.9 ft. 
elie company has eight or nine pumping stations in 
allwwnd at Amwell, Cheshunt, and Tottenham the 
ines raise water to the “river.” The first place 
di; its course where water is pumped from it to a 
higher level is at Hornsey, perhaps a couple of miles 
from Stoke Newington and. six or seven miles from 
P@Waring-cross. Here there are filter-beds for storing 
1,440,000 gallons, andthe wateris pumped to the covered 
Feseryoirnear Highgate Archway, the elevationofthe sur- 
dage of the water there, when the reservoir is full, being 
313:6.ft. above Trinity high water (326.1 ft. O. D.). 
The“ river’ at Hornsey bemg, say, 88 ft. and 1003 ft. 
fbiove the respective data, the lift 1s therefore 225.6 ft., 
exclusive of friction. The engine; made at St. Austell 
in, Cornwall, and formerly, we believe, set. up at the 
artesian well.of.the.Kentish-town waterworks—a well 
4300 ft. deep, whieh never gave water—is of the usual 
Cornish pattern. ’4t has a 44 in. eylinder, the stroke of 
piston being 10 ft., while the pole, 15 in.in diameter, has a 
stroke of 9 ft., the, beam of the engine being unequally 
divided. We were informed that the load on the pump 
pole, in addition to its own weight of-1 ton, was 11} 
tons; but as this would be equal to 159 lb. per square 
inch, or 365# ft. of water, we presume the weight was 
somewhat overstated, as the friction would, we should 
suppose, hardly. amount to the difference between 
225 and 366 ft. From Highgate the water is pumped 
by an old marine engine tothe covered reservoir on 
Hampstead Heath, the elevation of the surface of the 
water being 433.6 ft. above Trinity high water, and 
the lift from Highgate, consequently, 120 ft., exclu- 
sive of friction. The eapacity of the Highgate 
covered reservoir is given as 1,180,000 gallons, and of 
that on Hampstead Heath as 617,000 gallons. A 
straight line from Hornsey to the Highgate reservoir 
at. the Archway is about 1} miles, while the direct- 
line ‘distancesfrom the Highgate to the Hampstead 
resérvoir isinearly two miles. The lines of mains are, 
no doubt, much longer, for ona straight line between 
the two last-named reservoirs, the ground falls 200 ft. 
below the Hampstead reservoir. 

‘Alth6wzh'a considerable ‘quantity of water flows on 
to the New River Head, saa is distributed thence ata 
lower, Jével, the chief work'of distribution “begins at 
Stoke Newington, which isthe principal pumping 
station of the company, and where:are six rotative 
engines of 1000 nominal horse:power collectively. In 
the Lordship-road, which separates the two large sub- 
siding reservoirs here, there are, besides, two old engines 
—one a Cornish, the other a marine engine. In the 
absence of any information, we cannot say whether 
these engines are now worked, nor, if so, to where 
they pump. Rather more than 2} miles from them is 
the open Camden-square reservoir, near the Cattle 
Market, for unfiltered water, and the surface of which 
is at an elevation of 160.1 ft. above Trinity high water. 
The old engines would no doubt be available for keep- 
ing this full, although, as the water here is not per- 
mitted to be used for drinking, the reservoir could as 
well be filled from the lower Highgate pond, supposing 
the supply to be sufficient. 

The water at Stoke Newington first passes from the 
large subsiding reservoirs into five filter beds of a total 
area of 64 acres, and at a level of 1 ft. below the reser- 
voirs. As we shall describe the filter-heds of some of 
the other companies in a further article, we shall not 
attempt a description of these, which are upon the 
usual plan, and worked in the usual manner. The 
water stands 5 ft. deep on the filtermg material, which 
is 4 ft. thick. The top sand, not long since, was from 
the coast, at Harwich, and the next below is from the 
neighbourhood of the works. These beds are gene- 
rally cleaned once every six weeks in winter and every 
third week in summer. We may note that the large 
reservoirs, which were constructed nearly thirty-five 
years ago, under an Act obtained in 1830, were said to 
nave accumulated but 10 in. of deposit when cleaned 
out and deepened about fifteen years ago, a fact which 
shows the comparative purity of the New River water, 





which is now the best supplied to London, so far as 
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chemical analyses show. The total quantity of solid 
matter contained in it when filtered, during the month 
of July last, was twenty grains to the gallon, the 
organic impurity being hardly more than half a 


ain. 

O Wien filtered, the water is pumped partly to the 
covered reservoir on Claremont-square, just north of 
the New River Head, and partly to the covered reser- 
voirs in Maiden-lane, or York-road, between Kentish 
New Town and or Holloway, and a quarter.of a 
mile south of Highgate Cemetery. The Claremont- 
square reservoir is, at the surface of the water when 
full, 126 ft. and 1384 ft. above the respective Trinity 
and Ordnance data, the lift from the filter-beds, at 
Stoke Newington being 39 ft. 6in.» Originally: thie 
water was pumped into it direct from New Rivet Head, 
close by, and a few houses were thus Supplied. under 
constant service, The engines, three. in number,,at the 
Head are still retained, and are sometimes worked, 
although they are of old construction. The Claremont- 
square reservoir is said by Mr. Burnell to be 176 ft. by 
180 ft., and 22 ft. deep. Its covering of brick arches 
was estimated, in 1856, at the enormous sum of 
21,000/., which estimate is to be found in the; report 
made to the Board of Health. Its capacity is 
3,679,000 gallons. The Maiden-lane reservoirs, two 
in number, are both 219 ft. and 231.5 ft. above the re- 
spective Trinity and Ordnance data, the lift from the 
Stoke Newington filter-beds being 132.5 ft. exelusive 
of friction. ‘The main is rather more than two miles 
long, and is 36 in. in diameter, and the friction at the 
usual rate of supply is equal to about 33 ft. additional 
lift. ‘These reservoirs, as Mr. Mylne’s contour map 
shows, are well placed upon a promontory of the 
200 ft. level jutting out below Highgate. They are 
each 273 ft. long by 208 ft. wide,*and 22 ft. deep, each 
presenting 56,784 square feet of surface (covered, of 
course), and they together contain 14,520,000 gallons. 
They are covered by 9 in. arches of brickwork of 15 ft. 
span, sprung from longitudinal walls 14 in. thick. 
The cost of these reservoirs was estimated, in 1856, as 
61,0007. 

From the Maiden-lane and Claremont-square re- 
servoirs, and from the New River Head, the water is 
distributed over the company’s district. This district 
extends to the west of Northumberland House, in the 
Strand, and is bounded by the north side of Cockspur- 
street, the east side of the Haymarket, and by Wind- 
mill and Poland-streets to Oxford-street, thence along 
the east side of Tottenham-court-road to Hampstead- 
road, and along that road to Camden Town. ‘Thence 
the boundary extends, vi@ St. Pancras workhouse, to 
Highgate, Hampstead being also included. On the 
east, the district extends to the east side of St. 
Katherine’s Docks, thence, vid Petticoat-lane, to 
Bishopsgate-street, along the west side of which, and 
Shoreditch, it extends to the Drapers’ Almshouses, 
thence to the bridge in the Dalston-road, along the west 
side of Hackney Brook, and thence to Stoke Newing- 
ton and Edmonton. 

Having now given a general sketch of the sources, 
in transitu basins, and general distribution of the New 
River water, it remains to give a more extended ac- 
count of the pumping engines at Stoke Newington. 
Many of our readers would regard these as entitled to 
the first place in our description, but, important as 
they are, they are intermediate only in an extensive 
system. 

It was long after Mr. Wicksteed had made a posi- 
tion for the Cornish engine in the pumping of water 
for towns, before the New River engmeers even recog- 
nised it, so far as recognition amounts to adoption. 
They now have a few engines on the Cornish principle, 
the largest being the 66 in. Bull engine at Tottenham, 
besides one at Hornsey (purchased second-hand a few 
years ago, and now expanding from half-stroke only), 
one in the Lordship-road, Stoke Newington, &c. The 
old engines, two of them of 140 nominal horse power 
each, at the New River Head, are single-acting, but 
upon Watt’s and not upon the Cornish principle. ‘The 
modern double-acting engines at Stoke Newington 
represent the later preferences of the company’s engi- 
neers, and these have cranks and fly-wheels. 

_ There are six of these engines, which are coupled 
in three pairs. One pair of engines are by Messrs. 
James Watt and Co., and the other two pairs are by 
Messrs. Simpson and Co., of the Grosvenor Works, 
Pimlico. The Watt engines pump to Claremont- 
Square, and the Simpson engines to Maiden-lane (York- 
road). The Watt engines have each a single cylinder, 
while the Simpson engines have high and low pressure 
cylinders. All the engines have bucket-and plunger 
pumps, as introduced by Messrs. Simpson in the 
engines for the Richmond and the Bristol Waterworks 





in 1848. The lift of-the Watt pumps is 39 ft. 6 in., 
and o of the Simpson pumps 132 ft. 6 in.,'as already 
stated. 

The Watt engines, named the “Lion” and “ Lioness,” 
have each a 60 in. cylinder, steam-jacketed and well 
cased, with a stroke of piston of 8 ft. Near the oppo- 
site end of each beam are attached the rods (shrouded 
or trussed with stiffening rods) of two pumps, the 
inner one having a bucket of 43) in. diameter, a 
plunger of 30} in. diameter, and a stroke of 4 ft. 9 in., 
the outer one a bucket of 31} in., a plunger of 22 in., 
and a stroke of 7 ft. The end of the beam works a 
connecting-rod coupled to a crank on the fly-wheel 
shaft, and the wheel is 25 ft. in diameter, its rim being 
2 ft. broad on its side, and 17 in; on edge, the whole 
weight of the fly-wheel and shaft being given as 60 
tons. The valves are of the double-beat pattern, 
worked directly by cams on a shaft at the back of the 
steam cylinder, which shaft is driven by two pairs of 
bevel wheels and a cross shaft from the crank-shaft. 
The inlet to the pumps is 35 ft. below the engine-room 
floor, and the total height of the pumps, including 
inlet-pipe, is about 24 ft. The beam, we may add, is 
28 ft. long, and nearly 6 ft. deep at the centre. 

In the discussion upon Mr. E. A. Cowper’s paper, 
at the Institution of Mechanical Engineers in 1858, the 
lift of these pumps, including friction, was stated by 
Mr. Garland to be from 80 ft. to 83 ft., although this 
must, we think, be in excess of the total resistance from 
Stoke Newington to Claremont-square. Mr. Garland 
said, furthermore, that these engines had given a duty 
exceeding by 8 to 10 millions of foot-pounds per hun- 
dredweight of coal that of the best Cornish engines, 
and by 11 millions that of the Simpson engines work- 
ing in the same house. In Mr. Bourne’s treatise on 
the steam engine are given diagrams from these en- 
gines, not when at their regular work, but in the first 
grade of expansion, and cutting off, apparently, at 
about one-fourteenth of the stroke. uch, indeed, 
has been claimed for these engines, not only above the 
performance of the best Cornish engines, but, as was 
to have been expected, a certain partisanship has been 
maintained as between them val Simpson’s engines. 
Mr. Garland stated, furthermore, that with 30 lb. steam 
in the cylinder they cut off regularly at one-fifth stroke, 
and could cut off at one-tenth. When we saw them, 
however, in March, 1862, Mr. Bowman, the engineer 
in charge, informed us that they were cutting off at two- 
sevenths of the stroke, and that their average duty 
9 ewt. of Duffryn screenings was hardly 70 millions. 

hey made from 10 to 14 revolutions per minute, ac- 
cording to the work to be done, and were thumping, 
as well as pumping, in fine style. The whole pump- 
work of these engines had already been taken out, and 
many parts renewed and improved, the original design 
having been most defective. The journals of the 60 
ton fly-wheel and shaft were but 15in. in diameter 
and 20in. long; the plummer blocks had given out, 
and new ones had been put in, held down by 44 in. 
bolts, 36 ft. long. Even then, if the plummer blocks 
were tight, the journals were constantly heating, and 
to prevent this they were left slack and allowed to 
thump. ‘The two pumps of each engine originally dis- 
charged into the same pipe, but the cross streams 
burst the pipe, and new outlets had to be provided, 
while separate air-vessels had to be fitted to each of 
the four pumps. The delivery valves had also to be 
taken out, and much larger valves substituted. It 
must, indeed, have been with the old delivery valves 
that Mr. Garland observed the total resistance equal 
to 80 ft. or 83ft. of water. The workmanship, or 
mechanical finish, of these engines is very good, but 
there is a want of proportion in other parts besides in 
the original pumps and connexions. The flanges of 
the beams are very light in proportion to the web or 
flitch, and are in strong contrast with Harvey’s beams, 
as exemplified in his larger Cornish engines. When 
we called, last week, at Stoke Newington, we were in- 
formed that the engines could not be seen, as every- 
thing was in confusion, one of them having broken 
off the piston from the piston-rod. Altogether, we 
should conclude that they had proved the most un- 
satisfactory of all the large pumping engines set up 
in or near London. 

We may note here that the engine-house, a large 
castellated and buttressed building, is very badly 
lighted, and most inconvenient in its interior arrange- 
ment. By a curious “dodge” in the design, the fly- 
wheels are made to work into deep recesses in the 
buttresses, which were not, of course, employed for 
strength, but only for external effect. 

The four Simpson engines are, with the exception 
of the diameters of the buckets and plungers of 
the pumps, almost, if not quite, identical with those 





erected by the same makers at the works of the 
Lambeth and Chelsea companies, near Kingston, or, 
as the precise localities are termed, Thames Ditton 
and Seething Wells. We shall shortly publish draw- 
ings and descriptive details of these engines, so that 
we need not describe them at great length here, but 
we must, nevertheless, supply a few particulars. The 
engines were, indeed, very fully described in Mr. 
David Thomson’s paper, read at the London meeting 
of the Institution of Mechanical Engineers, in 1862. 
Like the Watt engines, they are double-acting, rota- 
tive beam-engines, each pair coupled by cranks, at 
right angles to each other, to a fly-wheel shaft. They 
have, however, high-pressure and low-pressure cy- 
linders, the pistons connected to different points on 
the same end of the beam, and thus moving in the 
same direction. The high-pressure cylinder stands 
nearest to the beam centres, and its piston has the 
shorter stroke. This cylinder is 28 in. in diameter, 
and the stroke of the piston is 5ft. 6gin. The 
outer cylinder is 46in. in diameter, and its piston 
hag an 8 ft. stroke. The pump, one to each engine, 
and nearly under the connecting-rod end of the 
beam, has a 20 in. plunger and a 27 in. bucket, with 
a stroke of: 6 ft. ifs in., the connecting-rod pin, a 
little further out, moving through 8 ft. and turning 
a 4 ft. crank, the fly-wheel being of moderate diameter. 
In the Kingston engines, the ‘itt being considerably 
greater, the plunger of the pump is 164 in. and the 
bucket 233 im. in diameter, this being almost the 
only difference between them and the Stoke Newing- 
ton engines. In these engines the connecting-rod is 
made of plate and angle iron, rivetted up in the box 
form, all the rivet holes having been carefully drilled. 
The pump-rods, in pairs, are similarly made of plate 
and angle iron, rivetted up to an I section. The 
steam valves are pistons, 14 in. in diameter, driven 
by cams, worked through bevel gearing and a cross 
shaft from the crank-shaft. Each piston valve, or 
rather the assemblage of valves upon the same 
spindle, admits the steam to and exhausts it from 
both cylinders, The large cylinder has very nearly 
four times the capacity of the small cylinder, and the 
steam is cut off in the latter at from one-fourth to 
two-fifths stroke, thus giving a large total expansion, 
while the mean force upon both. pistons is much more 
nearly uniform than when expanding to the same total 
extent in a single cylinder. It is thus that these 
engines work steadily, and without excessive strain, 
with fly-wheels of but moderate weight. We are not 
pronouncing any sweeping opinion in favour of com- 
pound engines, but in the case of water-pumping 
engines, where the resistance is unvarying and, so 
to speak, rigidly opposed to any sudden alteration 
of the spee of. the forcing parts, there can be no 
doubt that high and economical expansion is better 
attained in a pair of cylinders than in a single one, 
unless, of course, the Cornish principle be employed. 
We believe the compound engines at Stoke a 
ington have worked well ever since they were started, 
late in 1855, and while they were reported to have 
attained a duty, on:a trial of seven or eight hours only, 
of 113 millions, we believe they regularly perform 70 
millions. 

The six engines are supplied with steam from eighteen 
boilers, fired with the wetted screenings from smoke- 
less coal. To prevent the formation of scale in these 
boilers, Mr. Bowman has, for the last five or six years, 

laced oak chips, billets, &c., within them, and he has 
found that while the vegetable acid has no effect upon 
the iron, it entirely prevents the formation of scale of 
sulphate of lime, this impurity settling as a loose 
owder, or rather as mud, to the bottom of the 
oiler. 

The engine-house is raised upon a sort of mound, 
and its chimney is 190 ft. high. A repair-shop, close 
by, is driven a turbine, worked with water from 
the hot wells of the condensers, this water having a 
head of about 14 ft. Once the heat of the water ex- 

anded the parts of the turbine so as to bind the 
pashet-ohdal against the ring, and thus prevented its 
moving. 

The whole of the New River works are reported to 
have cost 1,421,717/. prior to the enforcement of the 
Act of 1852,‘and 1,100,000/. since, or 2,521,7177. in 
all. They have upwards of 630 miles of mains and 
branches, 66 acres of subsiding reservoirs, 9 acres of 
filter-beds, and 33 acres of covered reservoirs for 
filtered water. The gross income is now nearly 
200,000/. per annum, and the net profits are understood 
to be about 75,000/., a sum which gives but a very 
moderate return upon the total capital invested. ‘The 
company are now advertising for loans of money at 
periods of three, five, and seven years. 
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“DARBY” BLOWING ENGINE; EBBW VALE IRONWORKS. 


CONSTRUCTED ‘BY MESSRS. LOAM AND SON, PERRAN FOUNDRY. 
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UntiL - lately the largest blowing-engine in the world was that at Dowlais, which has 
inder 55 in. in diameter and 13 ft. stroke, and a blowing cylinder of which both the 


THE sas DARBY * BLOWIN G ENGIN E. Geanster an stroke are 12ft. The new “ Darby” engine, however, recently set to work at Ebbw 


Vale, and of which we give engravings on this and the — e, is of still larger 


S x WC dimensions, the steam cylinder being 6 ft. and the blowing cylinder 12 ft. in diameter, and both 

\\y’ . A \ \ having a stroke of 12 ft. The general arrangement of this engine is clearly shown in the illus- 

~ \\ \ _W \ trations now given, and we intend next week to publish enlarged sections of the air-valves, &c., 
. \ 














which will enable us to explain those details more fully. 

\X The beam, which is cast of Pontypool cold-blast iron, is 36 ft. long between end centres, 

\ < and is supported at the middle of its length, where it is 7 ft. deep, upon a massive wall 6 ft. 

6 in. thick, extending across the engine-house; the height of the main centre above the engine- 

room floor being 33 ft. The main centre has journals 1 ft. 8 in. long and 14 in. in diameter, and 

the plummer blocks belonging to them are fitted to a bed-plate on the top of the lever wall, and 

are held down by eight bolts, each 34 in. in diameter, and made of carefully selected scrap-iron. 

The beam is composed of two flitches placed about 3 ft. apart, the thickness of the bosses through 

which the main centre passes being 14in. The main links are 6 ft. long between end centres, 

with bearings 9in. long and 7 in. in diameter, and the radius links aré connected to bearings 
carried by brackets fixed to strong wooden beams extending across the engine-house. 

As we have already stated, the steam cylinder is 72 in. in diameter, with a stroke of 12 ft. 
It is steam-jacketed, and the jacket is clothed with a thickness of 4 in. of felt and a timber 
lagging 3in. thick. The piston rod is of Bessemer steel, and is 8} in. in diameter, and the piston 
is fitted with metallic packing. The valves are of the double-beat class, the steam and expansion 
valves being 14in., and the exhaust valves 18in. in diameter. ‘The valves are worked from a 
countershaft extending under the engine-room floor in the rear of the cylinder, this shaft being 
worked from the crank-shaft through the intervention of an inclined shaft and bevel gear, as 
shown in the engravings. The expansion valves are worked simply by a crank operating on a 
lever, and this arrangement, although it works very smoothly, gives a rather slow cut-off, as 
some diagrams, taken from the engine, show. We believe that Mr. E. Windsor Richards, 
the engineer of the Ebbw Vale Works, is about to make some alteration in this expansion gear. 
The olalasien of the steam also takes place rather late, but it is found that this class ot 
engine works roughly if the steam valves are set to open too soon. There are two safety valves, 
each 3 in. in diameter, placed on the lid over each exhaust valve, these being applied to relieve 
the pressure of the steam in the cylinder which would be caused by the momentum of the fly- 
wheel if the exhaust valve should drop on its seat whilst the engine is at work. 

The air-pump is 3 ft. 8 in. in diameter, and is worked by a rod connected with the centre of one 
of the back links. The stroke is 5 ft. 8 in., the back link being attached to the beam at a point 
distant 8 ft. 6in. from the main centre. The bell-mouth at the top of the air-pump one Se 
hot well is 7 ft. in diameter by 3 ft. 8 in. high, and the overflow passage leading from it is about 
3 ft. 9in. wide by 1 ft. Gin. deep. The condenser is 4ft. in diameter, with a total height 
of 7 ft., and-the eduction pipe is led into the top of it. The connecting rod, which is a strong 
open forging, tightly filled in with English oak, is 31 ft. 6 in. long between end centres, and is 
| : coupled to the beam at a point 1 ft. 6 in. outside the back links, or 10 ft. from the main centre, 

i Im Hi A The lower end of the connecting rod is coupled to a wrought-iron overhung crank of 3 ft. 4 in. 
A | throw, the crank pin being of cast steel, with a journal 11in. long and 9 in. in diameter. The 
i mM fly-wheel is 30 ft. 4 in. in diameter, and is placed near the side of the engine-house, as shown in 
\ Hl the plan, the shaft upon which it is fixed being 19in. square, and having bearings 16 in. in 
* Rua | diameter and 2 ft. long. The weight of the fly-wheel shaft is 8 tons. 
ane | The blowing cylinder is 144 in. in diameter, the stroke being the same as that of the steam 
cylinder, or 12 ft. It was made in two pieces for convenience of carriage, and the two parts 
were bored out separately, a finishing cut being taken through them after they were bolted 
together. The inlet and outlet valves are placed so as to avoid the loss of blast which takes 
place in some blowing engines in the passages at the top and bottom of the cylinders. The 
arrangement is found to work well; but we shall postpone a more detailed description of it until the 
publication of the enlarged sections to which we have already referred. The inlet and outlet 
ges have an area equal to one-fifth of that of the blowing piston. The piston-rod is of 
essemer steel, and is ai in. in diameter. The stuffing-box in the cylinder cover is packed with 
sheepskin, and the piston is of the ordinary kind packed with cotton gasket. Both the stuffing- 
box and piston are worked with dry blacklead. ‘Ihe blast is to be supplied to four furnaces at 
a pressure of 41b. per square inch, and we subjoin a diagram taken from the blowing cylinder 
when the blast was being supplied at that pressure. The blast is delivered, through a pipe 6 ft. 


eae os 


in diameter, into a receiver 40 ft. long and 14 ft. in diameter, this receiver acting as a reservoir 
or regulator, and causing the blast to be supplied to the furnaces at an almost constant pressure. 
In the end of the engine-house there are fitted large ventilators through which the air for the 
supply of the blowing cylinder can enter. Both the blowing and steam cylinders are firmly 
held by bolts pootns down through the foundations to plates bedded in the masonry at about 
17 ft. below the level of the floor of the engine-house, 

The engine-house in which this fine engine is placed is 65 ft. long by 25 ft. 6 in. wide inside, 
and is built of stone, the walls being 3ft. 6in. thick. The stones, which are of large size, 
are brought to a face on the inside, in order to avoid the use of plaster, and Aberthaw (Lias) 
lime was used throughout. The roof is an open one, boarded beneath the slates and stained; 
and the floors, of which there are three, are laid with 2 in. planking, with galvanised iron 
tongues. The windows are glazed with 26 oz. patent flattened sheet glass. We have already 
mentioned that the engine has been named the “ Darby” engine, this having been done in honour 
of the founder of the Ebbw Vale Company. The engine was constructed under the super- 
intendence of the engineer te the Ebbw Vale Company, Mr. E. Windsor Richards, to whom we are 
indebted for the drawings from which our illustrations have been prepared, and it was designed 
and built by Messrs. Loam and Son, of Liskeard, at their Perran Foundry, Truro, the woodwork 
being executed by Messrs. William Eassie and Co., of Gloucester. 
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( } \ THE LATE Mr. Joun AsHpury.—We regret to announce the death, this week, of Mr. John 
| | | aaa | \ Ashbury, the founder of the great railway carriage factory at Openshaw, near Manchester, Mr. 
\ | bi t Ashbury was a self-made man in the true sense of the term. Originally a wheelwright, in a very 
HHMh = hill. = humble way of business, he worked on, and engaged in various contracts which, through his 
| AN 5 co = 
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great energy and commercial abilities, soon returned the beginning of a large fortune. The 
ee Ashbury works were transferred, a few years since, to a linited company, in which Mr. Ashbury 
= — Le ye we ry +i or Mr. oy Ashbury, —— the management at Open- 
shaw. Mr. Ashbury died in London, in the sixty-first year of his age. 
a he Tue First Iron STEAMSHIPS ON THE THAMES.—In our notes on steam vessels in las 
week’s ENGINEERING it was stated that Ditchburn and Mare constructed the first iron steam 
| | | HM lj | | | I) | | ships in the Thames, in 1838. We have since learned that in the year 1832 Messrs. Maudslay~ 
| H Hh | Sons and Field built, and fitted with oscillatin a engines, four ships, ay the 
| Mi Lord William Bentinck, Thames, Megira, | Jumna. They were constructed at Messrs. 
| | ii Maudslay’s wharf, close to Westminster-bridge, and sent ont in — to India, where they have 
| ) been running on the Ganges up to the present time. One of these vessels was put together 
i | HD temporarily, and run on the Thames before being sent to India. The following particulars ma 
MU Ht Hall | prove interesting: length 125 ft., beam 22 ft., depth 8 ft. 6in., draught of water 2 ft., fitted wit! 
| Wi | oscillating engines of 60 horse power, collective; 36 in. cylinders and 2 ft. stroke. 
auc = IN \\\ INDIA-RUBBER TyPx.—A manufactory for making printers’ type of vulcanised india-rubber 
| \ has just been started at Dalston. This new kind of type is said to be as quickly and easily 
| made, and to be fully equal in quality and durability to the common type, the cost price bein 
| only one-third of the latter. It offers the advantage of less weight as compared with meta: 
i i — type, and it can be remoulded when worn. It presents particular advantages for stereotyping. 
\ i | The invention is American, and is said to be making rapid progress in England. 
I i Tue Tensy AND WuiTLAND Raitway.—A new narrow-gauge line of sixteen miles from 
the Great Western at Whitland was opened for traffic on Tuesday, thus saving thirty miles of 
the previous distance to Tenby. 
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AMERICAN RIVER STEAMBOAT. 


HOUR. 


PROPOSED 


INTENDED 








SPEED 30 TO 32 MILES AN 











Mr. H. B. Wittson, of New York, who, as some of our ; beam, and 4ft. draught of water. Its displacement will be ; to record its success. | — of —_ 22 miles to 24 miles an 
readers are aware, published a small book in London, three | 1760 tons, the indicated horse-power 10,000, and the antici- perenne? — on - ey a i aide 
years ago, on the “Science of Shipbuilding, considered in its pated speed 30 to 32 miles an hour. The vessel is to be made, Over t 1e main dec : t « = A es _— a al : 
Relation to the Laws of Nature,” is about to build a river | as far as possible, of Bessemer steel—hull, boilers, engines, shaft | saloon will be 200 ft. ong y 2 : i 2 ae nde 4 
steamboat of unusual size and of unexampled speed, for the | and wheels. ’ Mpa a double Pasa. # each ; Pras fey sone pntcen 
New York and Albany passenger traffic on the Hudson, This The boilers are to be placed inboard and amidships, instead of | other stairways wi aes : . rom pet a poms yore 
run is of 150 miles, aad already employs the finest boats yet | (as is generally the case with American steamboats on the eastern | the grand saloon. There - 7 / ies’ cs adbapa pe Say 
constructed in America. The American Artisan gives an out- | rivers) on the “ guards” or sponsons. We trust to be yet enabled | gentlemen’s at ray = the a. Re pg sew 4 
line of the proposed vessel, which is to be 450 ft. long, 45 ft. | to give more detailed information respecting the new vessel, and | a room for invalids, a ladies’ dressing-room, a s-shop. 






























THE OXFORD “EIGHT.” | 
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Pxrorksson SAMUEL HovcHron bas published in the last | minutes, the resistance per square foot of augmented surface is Poy mony gg ggg oe epee 
, : me : : ; 5 of the firm of B. and E. Blyth, Edinbur, 

number of the Practical Mechanic's Journal an interesting by the rule above given, (=) 1 _%6 Ib., and the total re- | Sncineer to the Caledonian, Scottish Cental om ee 
investigation of the work done by the crew of an eight-oar, 7 100 49 rs il eaten. died tosh east. citer @ Hanwinn tine 

whilst rowing at the rate of one knot in seven minutes, that| . ‘ 36 . . ee ee ee re f gering - 
being the speed during the last Oxford and Cambridge boat-race. sistance is 114.11 X- == 83.84lb. As the resistance 1s over- | at Te —— ba .~ _ —_ — <a neg bs 
The : vic . ; is re i . . ‘ ast. Mr. th, who has latterly obtained considerable repute 
The boat ra — the pee yore vr poce —_— “ the | come at the rate of one knot, or 6000 ft., in seven minutes, the total | pe railway a and has been very: successful in his 
uccompynying diagrams, and 1s of the following dimensions: 83.84 x 6000 _ 994 57 foot-tons ; | Schemes, took an active part in the recent Parliamentary contests 

















ame ae nail . =a , 
—— width amidships sty ie i * o mendes Santee 2240 7 between the Caledonian and North British Railway Companies, 
Greatest depth’ ts ive pe .. 12k in. and the work done per man is 28.07 foot-tons in seven and was very serviceable to his company. — For two - three 
Thickness of plank tee eee tee a» minutes, or 4.01 foot-tons per minute. At most kinds of | years past he has been the victim of an insidious and ingering 
Weight, including oars, cushions, and other labour, about 400 foot-tons of work are done by a man in disease, of which the melancholy end was but too certain 5, = 

I IE 5- ee, a een ata leh woah o | taueelir Heaaguisinn Sel tenia So tipeees Lie sited tthe 

ravage wels . oarsman produces in one minute about one-hundreth pa a : sian, ¢ 3 d | 
Weight cl oereain mune teaw ‘ r _—— fair Gafulabow. The work done in rowing at the speed and | cares of business. For several weeks he has been residing at 

per : under the circumstances above mentioned is performed at a rate | North Berwick; but the relief from the harassing cares of his 





The distance from the seat to the stretcher is about 3 ft., and 






the oars are of the dimensions given in Fig. 5. In the forward | qual to six times that of a hard-worked labourer. = — and all the aid of the best professional skill, came too 
reach of the stroke the hands traverse the distance from the Since Professor Haughton carried out the investigation of | Jate to save his life. Mr. Blyth was a native of Edinburgh, the 
sides, when the body is upright, to a point over the stretcher, which we have above given the particulars, he has been enabled | son of an Englishman settled there—the late Mr. R. B. Blyth— 
aud the extreme distance which the oar passes through the by Dr. Parkes and Mr. Maclaren to compare it with the results who took an active part in political and municipal matters in 
water is 8 ft of an actual experiment on the power required to tow an Edinburgh thirty or thirty-five years ago Mr. Blyth, though 
Professor Houghton assumes that, in consequence of the good “eight,” loaded with sand-bags, to represent the weight of her comparatively a young man, being only forty-seven at his death, 
form of the boat, the only resistance which need be considered | CT¢W 4nd coxwain, over part of the Oxford course. In this ex- | was exceedingly able in his profession, especially as a Parlia- 
is that arising from the production of frictional eddies; and in | PéTiment the distance transversed was 560 yards, the time occu- memeary witness. He had an eatenesve railway connexion, 
culeulating the amount ot this resistance be fullows the princi- | Pied was 6 min. 20sec., and the average strain on the dyna- having been formerly employed by the Glasgow and South- 
ples laid down by Professor Rankine in the “ Treatise on Ship- | Mometer was ¢ Ib. The speed was thus 2.65 knots per hour, W eevee Railway aud other ee Mr. Blyth laid out > 
building” from which it appears that the eddy resistance whilst that assumed by Professor Haughton was 1 knot in 7 | Great North of Scotland Railway, Portpatrick and Oban Rail- 
a ie Pips. z min., or 8.57 knots per hour ; and, assuming the resistance to vary | Way, and other railways in the north, and latterly, of course, 
“fos | q*ds. In this formula, ds denotes the element of | as the square of the velocity, the resistance in the latter case | Was actively engaged in the humerous schemes which have been 
ine: | Sag ; : would be 73.21 lb. This resistance is rather less than that esti- | prosecuted by the Caledonian Company. As a citizen he was 
the immersed skin of the boat; g, the ratio which the velocity | mated by Professor Haughton ; but it is very probable that, if | much respected, and by his friends dearly beloved. Though 
of gliding of the water over that portion bears to the speed of | the boat had been tried at her race speed, the approximation | perhaps too much swayed by strong party and sectarian preju- 
the boat; ¢, the speed of the boat; g, the coefficient of gravity; | would have been found to be closer. dices, he was kind-hearted and generous, and charitable even to 














































w, the weight of one cubic foot of water; and 7; the coefficient lavishness. He held strong opinions on religious and ecclesi- 
of friction (= 0.0036), In the above equation Sve is the —S astical questions, and was abundantly liberal in giving pecuniary 
. h hy “ : 7 i i . aid to the furtherance of his views. —Scotsman. 
cugmented surface of the boat’s skin, and is supposed to include Krurr’s Works.—The 7imes has an interesting article RaisinG A SUNKEN Surp.—Mr. Thomas Page, C.E., of 
both the skin resistance and that due to the excess of water upon the great works at Essen; but the author did not ap- | Westminster, has nearly completed his preparations for raising 
leaped up in front and the deficiency behind. parently see the twelve or fifteen Bessemer converters at work | the steamer London, which went down some time since in the 


The coefficient of friction employed is deduced from Professor | there. He gives the cost of the 50 ton hammer as 100,000/., | mouth of the Tay. It has been rumoured from the identity of 
W eisbach’s experiments on the flow of water in iron pipes, and | and that of the proposed 120 ton hammer, with « 13 ft, fall, as | the names, that ~ ee about to attempt the impossible task of 
it gives, with the preceding equation, an eddy resistance equal | 200,000/.! And furthermore it appears that a “ concession ” is raising from the depths of the Bay of Biscay the ship which 
to one pound per square foot of the augmented surface, at a required from the Prussian Government before the hammer can | went down under such distressing circumstances in January 
speed of ten knots per hour, this resistance varying for other | be made at all! What wonderful information it must be that last . 
speeds as the square of the speed. The whole difficulty of the | is affurded to visitors to Essen Revrer’s TELEGRAMs.—An additional cable to the Conti- 
calc ulation turns upon the calculation of the augmented surface TRIALS oF BreECH-LOADERS.—The Austrian Government | nent is about being laid by Reuter’s Telegram Company (limited). 
which is effected by Professor Rankine, or the assumption (con- | js collecting samples of breech-loading firearms of all kinds. in | The Caroline, screw steamer, has towed to sea from Lowestoft 
formable to. repeated experiments) that tie augmented surface, | order to make extensive competitive trials with the different | ten smacks which are to be ‘moored asflagships. The cable will 
und its resistance are the same as that of a trodioidal ribbon | guns at Vienna, Amongst the guns under consideration are | be laid between Lowestoft, Naze Point” ak Belle Island 
whose length is equal to that of the boat o 1 the plane of floata- | the Peabody, Remington, the Small Arms Company of Birming- | Hanover. The William Cory steamer ts ex ected A arrive 
tion, whose breadth is the mean immersed girth of the boat, and | ham rifle, the Snider, Spencer, Westley Richards, some needle shortly at Lowestoft with tue cable, when the la ing it down 
Whose coefficient of augmented surface is 1+-4 sin*a-+-sin‘a, | guns of English and of German make, and several others of less | will be at once commenced j ' 
where @ is the angle of greatest obliquity to the horizon formed repute. THe UsksiIpE Works Newport.—This old-established 
bya tangent to the trochoid, Applying these principles to the Tug Crrpe.—Messrs. R. Napier and Son have established a | concern has just changed hands and in future the proprietary 
Oxford “ eight” when loaded with its crew, Professor Haughton | nautical mile on the Clyde, and the Admiralty authorities have | will be known as the Uskside Com any. Considerable exten- 
obtains the following results:*“The length of the plane of floata- | tested and certified it as correct. : sions are said to be in contemplation ea 
tion=52 ft.; girth of central immersed section: =31.5 in.; mean InreResT.—The Northern of Buenos Ayres Railway Com- Borer ExpLosion.—On Wednesday week, the boiler of an 
immetsed girth =21 in.= 1.75 ft. ; line of obliquity=}. Hence | pany are inviting loans upon debentures at 12} per cent. interest! | agricultural engine at North Tuddenham Norfolk exploded, 
the coefficient of augmentation is 1+4 (}) 4+(})*=1.254, Unly about 3000/. is reported to have been yet raised, killing two men on the spot. Another man ‘was severed injured. 
and the augmented surface=52 x 1.78 x 1.204=—114.11 square ‘Tue LATE Mr. HINDMARCH, Q.C.—Mr. Hindmarch, Q C., Exports.—The Board of Trade returns for July show an 
feet. the eminent patent barrister, died on the 27th ult. at Aix-la- | increase in our exports of 6 per cent. above those of July 1869, 








The speed of the boat being assumed at one knot in seven | Chavelle, whither he had gone for the benetit of his health. and 4 per cent: above those of July 1864. 
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TANK ENGINES. 


A VERY common fault with tank-engines is, that the footplate 
room is far too limited; this want of space interfering mate- 
rially with the comfort of the men, and preventing’ them from 
performing their duties with ease to themselves, In many of 
the arrangements of engines now in use, this want of space'is 
to a great extent compulsory, the necessity which exists for ke 


venting the footplate from being carried sufficiently far back to 
give good accommodation. In engines having the driving and 
trailing wheels coupled, and carrying the:water in # tank behind 
the firebox, this “ix particularly the case} “the’ hind wheels 
being kept. as those to' the back of the firebox: as possibile, and 
the footplate being cramiped in order to reduce the: overhanging 
weight. When the water Is carried in’ wing tanks, as ‘in the 
Metropolitan engines and in Mr. William Adains’s engines on the 
North London Railway, greater liberty is‘ given, the load due 
to the water being carried fairly between the coupled wheels, so 
that the overhanging weight is merely that of the footplate and 
coal bunker, with of course the bind part of the engine frame. 
In fact, with such engines, the weight which is most diffieult to 
deal with is generally that at the leading end, particularly it 
they are fitted with outside cylinders ; and to prevent the load on 
the leading wheels from being excessive, it is necéssary to-earry 
the latter well forward, and either apply them -to a bogie or fit 
them up on Mr. W. B, Adams's radial system, so that they have 
sufficient freedom to allow the engine to pass readily round 
curves. 
“heated arrangement which permits the footplate to be :ex- 
tended is that adopted on the engines working the metropolitan 
traffic of the Great Northern and London, Chatham and Dover 
Railways, in which the leading and driving wheels are coupled, 
aud the trailing end is carried on a pair of wheels fitted with 
Mr. W. B. Adams's radial axleboxes. In the pegtenies engines 
instanced, full advantage has not been taken of the liberty which 
the system upon which they are built gives for obtaining a good 
roomy footplate, but of course that is merely a question of 
proportion, and not of general design. Mr. Sinclair also 
introduced an arrangement of tank engine on the Great Eastern 
Railway which permits of the footplate being made long without 
interfering with the distribution of the weight of the engine. 
In Mr. Sinclair’s engines the two pairs of coupled wheels are 
placed close together, just in front of the firebox, the leading end 
of the engine being carried by a “ Bissell” truck with a single 
pair of wheels, and the hind end by a pair of trailing wheels of the 
same diameter as the leading wheels. These engines, as made, 
carried their water partly ina tank under the boiler and partly in 
another tank’ at the trailing end; but it was Mr. Sinclair's 
intention to fit some new engines on the same ges Fg with 
wing tanks, and with this alteration the footplate could be made 
very roomy without necessitating an extension of the wheel-base. 
More recently Mr. Cudworth has designed and set to work on 
the South-Eastern line the engines of which we give illustrations 
on the next page, these having four coupled wheels in front 
and a four-wheeled bogie, constructed according to Mr. William 
Adams’s patent, under the trailing end. By this arrangement 
the hind part of the engine is, as it were, converted into a tender 
with the frame in one with that of the engine, and the foot- 
plate may, of course, be extended to any desired extent with- 
out ma aig: very materially with the load on the coupled 
wheels, 

Of course all these systems of construction lead to a long 
wheel-base (the North London engines, for example, having a 
total wheel-base of 22 ft. 2in., and those on the Metropolitan 
Railway are of 20ft. 9 in., whilst the wheel-bases of the Great 
Northern, the Great Eastern, and the South-Eastern engines 
are, respectively, 19 ft, 3 in., 17 ft. 4 in., and 20 ft. 6 in.); but 
with a good bogie arrangement this is an advantage, as it gives 
a steady engine, whilst the curves are traversed more easily 
than they would be by an engine of much shorter centres, but 
without a bogie. In fact, a tank engine of the power now re- 
quired on all our principal lines in the neighbourhood of the 
metropolis must necessarily be a long engine, and must conse- 
quently be fitted with a bogie movement in some form or 
another, the only question being how it can be best applied, 

Within the last two or three years there have been intro- 
duced upon the various metropolitan lines five distinct classes 
of bogie tank engines, these being the Metropolitan engines with 
outside cylinders, driving and trailing wheels coupled, and four- 
wheeled “ Bissell” treck under the leading end; the North 
London engines, with inside cylinders, driving and trailing 
wheels coupled, and a four-wheeled bogie in front, constructed 
according to Mr. William Adams’s patent; the Great Eastern 
engines, with outside cylinders, the two centre pairs of wheels 
coupled, and a two-wheeled “ Bissell” truck under the front 
and a pair of small trailing wheels under the hind end; the 
Great Northern and London, Chatham and Dover engines, with 
inside cylinders, leading and driving wheels coupled, and trail- 
ing wheels, with Mr. W. B. Adams’s radial axle-boxes; and, 
lastly, Mr. Cudworth’s engines, of which we have just described 
the arrangement. Of the four first classes of engines we have 
already published full descriptions in this journal (vide vol, i., 
pages 200, 218, 262, and 359 respectively), and we now intend 
to complete the list by giving the particulars of the new engines 
on the South-Eastern line. 

These engines, the general appearance of which is clearly 
shown by the side elevation given on the next page, have inside 
cylinders 15 in, in diameter, with astroke of 20 in., and are 
curried upon four coupled wheels 5 ft. 7 in., and four. bogie- 
wheels 3 ft. 8 in., in diameter. ‘The coupled wheels are placed at a 
distance apart of 7 ft. 3in,, and the bogie-wheels at a distance 
of 6 ft. apart from centre to centre, whilst the distance between 
the centres of the hind pair of coupled and-the front: pair of 
bogie-wheels is 7ft. 3 in., so that the total wheel-base is 20 ft. 6 in. 
The centre of the driving axle is 1 ft. 6 in. in front of the fire- 
box casing. The coupled axles have both inside and ovtside 
bearings, whilst the bogie axles have outside bearings only; in 
the case of the former the outside bearings are 6 in. long by 5g in. 
in diameter, and the inside bearings 6} in. in diameter-by 54 in; 
long. The centres of the outside ‘bearings are 6'ft:' upd those of 
the inside bearings 3 ft. ll} in. apart. The leading axle is 6 in. 
in diameter between the inside bearings, and the crank axle is 





also 6 in. in diameter between the cranks, the crank-bearings 
being 64 in. in diameter by 4in: long;.the wheel-seats are 7 in. 
in diameter. The axles are coupled by cranks, of 11 in. throw, 
keyed on their outer ends, the diameter of the axles where the 
cranks are placed being 6 in., and the thickness of the crank-boss 
4in. The pins in these overhung cranks haye bearings 23 in. 
if Giameter and 3 in. long, and that part of each pin which is 


she S Tor Keep 1 inserted in the crank tapers from 3y; in. to 3}in. in diameter. 
ing the weight on'the hind wheels within reasonable limits prés! ae 16 3F 


The axle-boxes of both the inside and outside bearings of the 
coupled axles are of gun-metal, and the covets of all the axle- 
boxes are kept in their places by a spiral spring interposed be- 
tween the cover and the engine-frame—a “very~tieat arrange- 
therits The axle-boxes of the coupled axles are connected by an 
arrangement of compensating beams, which bas been much used 
by Mr. Cudworth. The spring = belonging -to the pair of 
outside bearings on one side of the’ engine are conn: bya 
compensating beam formed of two plates placed about 4 un, apart, 
and accommodating a spring between them; the spring pins of 
the corresponding pair of inside bearings are similarly connetted, 
and a further connexion being made between the springs of thie two 
beams by an equalising lever placed transversely, and having 
one end coupled to each spring box. By this arrangement, 
the weight is equally distributed over the four bearings of the 
coupled axles on one side of the engine, frem one point midway 
between them. The axle-boxes of the bogie are connected ‘by 
compensating beams in a similar. manner, save that, as there 
are outside bearings only, the transverse levers are not required, 
The bogie-frame itself, however, acts as a transverse lever be- 
tween the beams on the two sides of the engine, the pressure 
being thus transferred to the central or bogie pin, and it will be 
seen, therefore, that the engine is practically carried on three 
points—the centre pin of the bogie and:a point on each side mid- 
way between the coupled wheels. With the central point at the 
trailing end, where there is no alternate upward or downward 
thrust on the guide bars to be resisted, we have.no doubt but 
that this arrangement gives a very steady engine, and one 
which accommodates itself well to any inequalities of the road. 
The distribution of the weight also between the several pairs of 
wheels cannot, by the accidental application of a stronger or 
weaker spring, be made to vary from that originally designed. 

The extreme length of the engine over buffers is 32 ft. 2} in., 
the amount of overhang beyond the centre of the leading wheels 
being 6 ft. 6Zin., and that beyond the centre of the trailing 
wheels 4 ft. 11Zin. The frames are double, and the frame 
plates are 27 ft. 9in. long between the buffer beams. The 
outside frame is 7 in. thick, and is 10 in. deep for the main part 
of its length, this depth being increased to 11 in. over the open- 
ings for the axle-boxes, and to 15 in. where it is attached to the 
buffer beams. The inside frame is 3 in. thick, and its depth at the 
leading end and between the leading and driving hornplates is 
15in.; behind the driving T3y meme the depth is reduced to 
10in. Both frames have the hornplates formed in one piece 
with them, and they are stiffened by 24 in. angle-irons rivetted to 
them as shown inthe plan. The distance between the centres of 
the outside frames is 6 ft. 3 in., and that between the centres of 
the inside frames, from the leading end to back of firebox casing, 
4 ft. 3in. Behind the firebox casing the inside frames are set 
in to clear the bogie wheels, the distance between their centres 
being reduced to 3 ft.9in. The inside frames are connected by 
the buffer beams, by the smokebox tube-plate, and by plate- 
stays at the front of the smokebox, at the hind end of the 
guide-bars, in front of and behind the firebox casing, and over 
the centre of the bogie. There are also stays between the 
inner and outer frames at the front of the smokebox, the hind 
end of the guide bars, the side of the firebox casing, and between 
the bogie wheels. The buffer beams are of oak, and are 7 ft. 
8 in. long by 15 in. deep and 5 in. thick, the trailing one haying 
a plate of the same depth and Zin. thick within it. 

The frame of the bogie is 10 ft. 03 in. long, and the side plates 
are Zin. thick by 8 in. deep for the greater part of their length, 
the horn-plates being formed in one piece with them. They 
are connected by cross-plates and diagonal bracing. The ar- 
rangement of bogie is that patented by Mr. William Adams, of 
the North London Railway, the bogie frame having both a 
swivelling and transverse movement, ‘The side play is, in the case 
of Mr. Cudworth’s engines, regulated by check springs, array: ged 
as shown in the plan. 

The cylinders, which, as we have already stated, are inside, 
and are 15 in. in diameter, with 20 in. stroke, are inclined down- 
wards towards the crank axle atan inclination of 1 in 16. The 
Screg are 23 in. in diameter, and are cottered into the cross- 
neads, the latter being of the ordinary pattern for inside-cylinder 
engines, with guide blocks, 8 in. long, working between double 
guide bars 3 in. wide. The connecting-rods are 5 ft. 3} in. long 
between end centres, the bearing at the large end being 6} in, 
in diameter by 4 in. long, and that at the small end 3 in. long by 
24in. in diameter. The link motion is of. the “shifting link” 
kind. We may mention here that the outside cranks for the 
coupling rods are placed opposite to the corresponding cranks of 
the crank axle, and the balance weights are placed so that, in- 
stead of being directly opposite the main cranks, their centre 
lines form less than a right angle with each other. Indeed, the 
distance, measured at the inside of the tyre, between-the centre 
line of each balance weight and a point in the rim of the wheel 
opposite the corresponding crank is 1 ft. 34in. Itg@s, no doubt, 
correct that the counterweights of inside-cylinder engines should 
be arranged in this manner, as we explained in an article on 
counterweighting, on page 49 of the present volume, but it is 
but seldom that the principle is carried out. 

The barrel of the boiler is 9 ft. 9in. long from the front of 
the firebox casing to the back of the smokebox tubeplate, and 
is fitted with a steam dome at tre middle of its length. The 


firebox casing is 3tt. 7Lin. long by 4f1. Lin. wide, and is eon-) 


structed of yin. plates with angle irons at the corners, The 
centre line of the boiler is 2ft. 5$in, above the top of the 
frames ; and as the latter is 4 ft. from the rails, the centre of the 
barrel is 6 ft. 52in. above rail level. "Phe top of the firebox 
casing is raised above the barrel of the boiler. ‘The inside fire- 
Hox is 3 ft. long by 3 ft. 6} in. wide insideyand:is composed of 


| copper plates yin. thick, with the exception of the tubeplate. 


The firebox heating surface is 75.3 square feet. The tubes are 
140 in. number, and are 10 ft. 2 in. long by 2 in. diameter, thus 
giving an external heating surface of 827.6 square feet, and 


{ 
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ie oe total heating surface about 903 square feet. The 
smokebox is 2 ft. 3}in. long, and the chimney, which is of the 
pattern introduced by Mr: Sinclair, is 1ft. 3 in. in diameter at 
.the base. . The boiler is fed by a pair of Giffard’s injectors, the 
water being delivered at the side of barrel, a short distance 
below the centre line, and 5 ft. 5in. in frout of the firebox casing. 
The tank, which contains about 850 gallons, is placed at the 
trailing end over the bogie, and is 6 ft. 3 in. wide by about 
10 ft. 2 in. long, the depth varying by steps from about 
3 ft. 9 in. to1 ft. The shallower t is carried — up to 
the back of the firebox casing, so that the driver stands upon 
it, and is thus raised, and enabled to keep a good look out, 
protection being afforded by a weather plate on the boiler, and 
another fixed to the tank 4 ft. 2 in. behind the firebox casing. 
The fuel is carried oyer the after part of the tank, there bein 
room Provided forg#bout 1 ton of coals. The sides of the c 
bunker are 4ft. 1}'Ins high above the footplate, and the handrail 
plates between ‘tlie two weather plates are 3 ft. 10 in. high 
abovethe same'level, The engine is fitted with a brake upon 
the coupled wheels, The weight of the engines in working 
order is distributed as follows: 
tons cwt. qr. 
10 14 


Leading wheels 1 
Driemimecis ... ... «.. lL & 2 
Two 'pair of bogie wheels ... 12 13 2 

Total 4 13 1 


Of coursed the difference in the weights on the leading and 
driving wheels is ue to the weight of the connecting rods, 
cranks, éccentrics, &c., on the axle of the latter, the weights on 
the springs being equal. The engines which we have been 
describing are now employed in running trains between Charing- 
cross aud Greenwich, and are found to do their work well. ‘lhey 
were built ”, the Canada Works.Company, Birkenhead, from 
the designs of Mr. J. J. Cudworth, the locomotive superintendent 
of the South-Eastern Railway, who kindly supplied us with the 
tracings from which our illustrations have been prepared. 
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METROPOLITAN WATER LEVELS. 


THE Ordnance Survey maps do not give the levels 
of surfaces of water, but those only of fixed bench- 
marks on land, In 1856, Mr. R. W. Mylne, C.E.., pub- 
lished a topographical contour and geological map of 
the metropolis, upon which were marked, from his own 
surveys, the elevations above Trinity datum (12 It. 6 in. 
above the Ordnance datum of approximate mean tide at 
Liverpool) of the great number of elevated sheets of 
water and reservoirs in and near London. From 
this map, which is but little known, we have prepared 
the following table, and for the convenience of engi- 
neers, who now work almost exclusively from the 
Ordnance datum, we have added 12 ft. Gin. to each 
of the elevations, as given by Mr. Mylne, above 
Trinity high-water mark. 





Elevation in 
feet above 
Ordnance 


datum. 
Ornamental water, St. James’s Park (11} acres) 17.8 
The Serpentine (43} acres) _... «- 50.8 


Kensington Gardens Basin (7} acres) ... 81.8 
Ornamental Water, Regent’s Park mi 97.1 
New River Head, New River Works ... oe §=94,3 
Claremont-square Reservoir, do. coe ave 188.5 
Camden-square do. do. ooo eee 172.6 
Maiden-lane Reservoirs do, eee 2381.5 
Stoke Newington do. do, bee ee 100.0 
Highgate Archway do. do. eee 826.1 
Hampstead Heath do. do. eee eee 446.1 
” » _ Donkey Pond, about eee 432.5 
9 » Lower Pond (near Southend) 208.8 
” + | next Higher Pond ... ot: Se 
‘4 wee " “ | om Oe 
on ** do. tbo eve 247.8 
Highgate Lower Pond ... ooo be ove 210.4 
” next Higher Pond... “ce oo. 228.3 
" do. “— ite . 236.0 
” ae ** mae wee «+. 236.8 
* do. nee ooo ee» 253.0 
Kentish-town Reservoir, Artesian well... «es 188.5 
Brent Reservoir, full (222 acres) one eee 125.8 
East, London Filter-beds, Lea Bridge ... ooo 19.7 
Cumberland Basin oes ove ° 98.0 
Grand Junction Filter-beds, Kew esd ece 838.5 
“ Reservoir, Campden-bill oe 1833.8 
West! Middlesex Reservoirs (16 acres), opposite 
Hammersmith ... ene ons ose o. 16.0 
West Middlesex Reservoir, Barrow-bill... ooo 198.4 
Lambeth Waterworks Reservoir, Brixton-hill ... 196.8 
+ 4s - Stockwell .,. 115.1 
Chelsea Waterworks Reservoir, Putney Heath... 172.6 
Kent Waterworks, Filter-beds ... eve oe 16.9 
* Service Reservoir, Greenwich 
ar $00 oe « 157.0 
PA Do. Wodlwich ey ee 238.5 . 
“a Do. Pitimstead-common ' .;, 170.8 
ae Do. Shooter’s-hill ... .. 820.9 
Lake, Wimbledon Park (2z$ acres) ...  «.. 58,2 
, Slade Pond, Richmond, Park (16% acres) obe---OUed 
Rend, r Slade-Pond (64 acres) ... «.. 62.0 
‘ond, Wandsworth Common ... ose . 704 
Pond at Snaresbrook ... eee oo 688.1 








Tue Surz CanA.—It is now stated that by the end of the 
present month the Suez Canal will be open for transit across 
the Isthmus, and the commercial houses are already announcing 





that they will receive goods destined for places along its route. 
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TANK LOCOMOTIVE, SOUTH EASTERN RAILWAY. 


CONSTRUCTED AT |THE CANADA WORKS, BIRKENHEAD, FROM THE DESIGNS OF J. J. CUDWORTH, ESQ. 
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THE ATLANTIC CABLE OF 1865. 


Reason, with the perseverance which it always in- 
spires in the minds of reasonable men, has again 
triumphed in another of its numberless contests 
with unbelief. A year ago, after the failure of the 
first telegraphic expedition of the Great Eastern, there 
were but few who would admit that an Atlantic cable 
could ever be successfully laid, or, if even it could be 
laid, that it could be continuously worked. It is for- 
tunate for the world that all men do not think alike, 
and in this case there were those who, although 
in an insignificant minority, had not only the faith, 
but the means to work on at this great experi- 
ment, fully assured in their own minds of its final 
success. ut, even after the cable of 1866 was safely 
laid, we were told by those who professed to speak 
with authority that it could not long continue in work- 
ing order. Yet, so far as the perfect conduction of 
electrical currents is concerned, the 1213 miles of the 
lost cable of 1865 was known to have remained in per- 
fect order for a year, and currents had been sent into 
it daily, and always with the same indication of the 
distance of the fault. This alone proved that so great 
a length of cable, lying in from 1600 to 2400 fathoms 
of water, and crossing, no doubt, beds of rock, and, 
perhaps, spanning submarine chasms, could be expected 
to remain uninjured for a considerable period of time, 
and whether from mechanical or chemical causes. 

It is but a few weeks since we heard the opinion 
privately expressed by an eminent —— engineer 
that there was hardly the least hope that the cable 
of 1865 could be raised and spliced, and he refused to 
admit that it was ever grappled last year! The 
grapnel would, he said, jump great distances when it 
was attempted to drag it along the bottom in 2000 
fathoms of water, and the chances of catching the cable 
were, he honestly believed, hardly one in a thousand. 
This opinion, we are certain, was a sincere one, and it 
was arrived at by a process of reasoning which its 
author believed to be conclusive. Happily, he quite 
over-estimated the difficulties of deep-sea grappling, 
and a series of persevering efforts have at last given 
us a second line of telegraphic communication with 
America. 

The last expedition of the Great Eastern and her 
attendant fleet deserves a history of its own. For 
twenty-three days the four ships—the three others, be- 
sides the Great Kastern, being the Albany, the Terrible, 
and the Medway—were engaged in the task of dragging 
for the lost calls, and it was grappled no less than ten 
times before a splice was finally made. The depth was 
not 2400 fathoms, as Mr. Saward, the Secretary of the 
Atlantic Telegraph Company, bas stated in his letter to 
the Times, but from 1650 to 2250 fathoms ; and we may 
add that while he gives the length of cable successfully 
paid out last year as 1040 miles, it was 1213 miles, the 
distance run by the ship having been 1063 miles when 
the cable parted. The final break, August 2, last 
year, was in lat. 51 24 40 N., and long. 39 
4 30 W., and the soundings gave 1950 fathoms of 
water. This year, on the 10th of August, the Albany 
with the Terrible found this position, and going but 
144 min. of longitude, or, say, nearly ten miles to the 
eastward, at once grappled and buoyed the cable. The 
grapnel chain broke, however, and what had been so 





recovered was again lost. The Great Eastern 
and t edway did not arrive until the 12th, and it 
was not until the 15th of August, at midnight, that 
the great ship grappled the cable about eight miles to 
the eastward A ge im the Albany had lost it. After 
it had been raised 500 fathoms, however, the rope and 
cable were again lost. On the 17th, at about two 
in the morning, the Great Eastern again raised the 
cable, this time to the surface, very nearly at the spot 
where the Albany had first grappled. The cable parted 
in coming over the bow-sheave, the sea running so 
rough at the time that the boats could not be sent out. 
Two days afterwards the Great Eastern again caught 
the cable, about five miles to the eastward of the new 
break, or in long. 38 40 W.. It was again raised 86 
fathoms off the bottom and buoyed, and on the same day 
the Albany grappled it a few hundred yards to the west- 
ward, or so much nearer the break. The grapnel 
“cleared,” however, leaving the cable buoyed as before. 
It was a week later, or on the 26th August, when the 
Medway again grappled the cable, close to the bight ; 
but after it had been raised 1000 fathoms, it again 

arted for the second time. If we are to accept the 
atitude and longitude telegraphed home, the Alban 
grappled it the same evening a little to the westward, 
or beyond the break, and raised it to the surface and 
buoyed it. The next day the Great Eastern brought 
on board two miles of the cable, being, we presume, a 
portion of the wrong end. The whole expedition 
then moved to lat. 51 52 30 N., long. 36 3 30 W., 
being exactly, if not intentionally, the position of the 
Great Eastern at noon of August i, 1865, or 115 miles 
to the eastward of the final break of last year. Here, 
on Saturday last, the Great Eastern grappled the cable 
twice, raising it the first time to within 860 fathoms 
from the surface, where it was buoyed. It was grap- 

led again about three miles to the westward, and 
fue on board. At 3.19 on Sunday morning, the 
splice was perfectly made, and ata quarter to seven the 
great ship was again on her way to Newfoundland, 
signalling constantly to Valentia. The tests of the 
cable are most perfect, and all is going on well. To- 
morrow it is expected that the squadron will be in 
Hearts’ Content Bay, and then we may congratulate 
ourselves upon what appears already certain—the 
possession of two perfect submarine cables under the 
Atlantic. Human perseverance has never been crowned 
with a more triumphant success ! 


ay 6 
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THE SPEED OF THE BELLEROPHON. 


Tue letter upon the Bellerophon in our last number, 
by Mr. Charles Atherton, formerly chief engineer of 
the Royal Dockyard, Woolwich, deserves and requires 
answer, as it opens up—or rather the ship which he 
discusses herself opens up—one of the most important 
problems ever put before the public in connexion with 
our fighting navy. 

Mr. Atherton’s complaint against the Bellerophon is 
not that she does not fulfil the objects for which she 
was designed ; nor is it that those objects were in 
themselves unimportant. His complaint is simply and 
merely that when you put the particulars of her trial 
into a certain formula, which he considers to be a test 
of dynamic merit, a lower coefficient of performance is 
obtained than you get when you put the particulars of 
the Warrior, the Black Prince, and the Achilles into 
the same formula. Now, as the Bellerophon is every- 
where admitted to be in every respect a superior engine 
of war to the other ships named, the obvious and 
necessary inference is that the formula which gives a 
contrary indication is either a bad one or is improperly 
applied. It is the latter conclusion that is true in the 
present case. 

We thought that all professional persons were b 
this time aware that the Bellerophon had been built 
by Mr. Reed in avowed disregard of the formula by 
which Mr. Atherton now tests the merits of that ship 
—that the very ground upon which he had proceeded 
was that an iron-clad ship, which gave an excellent re- 
sult when the formula only was considered, might 
nevertheless (not to say, therefore would) be a most im- 
perfect fighting-machine. And there is not the shadow 
of a proof that he was wrong to be found in Mr. 
o> letter. What is the formula in question ? 

iis : 

Speed* x displacement # 
Indicated horse-power. 

A glance suffices to show that this formula contains 
no direct reference to some of the most essential pro- 
perties and qualities of a fighting-ship. It says no- 
oy for example, of handiness under the action of 
the helm, which would have been of much greater 
value to some of the iron-clads at Lisea than even 








speed itself, and it says nothing of that very important 
question of cost. It does, however, indirectly bear, 
and improperly, it will be observed, upon these 
questions ; for, by placing the displacement in the nume- 
rator of the fraction, it gives the superior value to the 
bigger ship (power wal speed being the same), and 
thus makes it appear that the bigger and costlier and 
more unwieldy a ship is the better. Need we say that 
in this respect it flies in the face of all experience, and 
of all the wishes and feelings of our naval officers, 
who are unanimous in their preference of the smaller 
and handier ship? So far then are we from thinking, 
with Mr. Atherton, that this formula proves the Belle- 
rophon to be a “lamentable failure,” that we consider 
her all the greater a success because she gives a low co- 
efficient when put into the formula in question. 

We are quite aware, of course, that the Bellerophon 
requires as much power to drive her at 14 knots as, or 
even more than, the Achilles and Warrior, and that 
power has to be paidfor. In other words, her engines 
and fuel are as costly as, or possibly a little more so 
than, those of the other ships. The large engine is, 
in fact, essential to the speed in such a ship, whether 
you make her short or long. But there would be 
no wisdom in inferring from this that the ship should 
be made long. The only consequence of that change 
would be to make the ship larger than necessary, and 
costly in proportion, entailing great unhandiness, which 
surely would be an advantage to nobody, but a loss 
to og Even if we admit, for the sake of 
argument, that a large excess of power is required, 
say 20 per cent., to drive the shorter ship at a given 
— it would still be a wise course to provide 
that extra power, rather than add 2000 tons to the 
tonnage of the ship, seeing that the ship costs so very 
much more than the engines. It is surely better to 
pay 5000/. extra for the engines than 100,000/. extra 
or the hull.* Financially, therefore, Mr. Reed’s 
principle ensures a considerable saving, and it has the 
peculiar merit of securing at the same time that 
steering power and handiness under both steam and 
canvas which are so extremely desirable in a fight- 
ing ship. To us, therefore, it appears that it is not 
the ship, but the formula, which exhibits a lament- 
able failure. 

But while this is the case in the present instance, 
we are perfectly prepared to admit that, when applied 
to its legitimate use, the formula has its value. nder 
no circumstances is it to be wholly relied upon ; but it 
is useful for the object with which it was originated. 
That object is well expressed in the statement prefixed 
to the Admiralty tables, which says, the numbers de- 
duced from the formula “show approximately the rela- 
* tive excellence, in respect of speed, of the forms of 
“the various vessels, conjointly with the relative effi- 
“ ciency of the propeller as adapted to each of them.” 
This it no doubt accomplishes in a certain rough, 
approximate way. But the question which Mr. Reed 
raised was, is it desirable to pay exclusive regard to 
relative excellence of form (which includes proportions 
of length and breadth, of course) when you have so 
many other objects to accomplish? And we have no 
hesitation in answering the question negatively. In 
fact, when the problem is presented in this light, it can 
be answered only in one way. What satisfaction 
would Mr. Reed have given to the navy if he had de- 
signed a long, unwiel ys expensive ship, deficient of 
the great qualities which he has actually secured in the 
Bellerophon, even although she had taken the highest 
position in Mr. Atherton’s formula? He would have 
— none ; and he has done wisely, in our opinion, in 

isregarding the formula, and building a thoroughly 
efficient fighting-ship. 

We must confess to some astonishment when so prac- 
tical a man as Mr. Atherton writes so strongly as he 
wrote on this question. His only complaint is, that 
when he puts the new frigate into his formula, she 
does not come out well, admitting, at the same time, 
that there may be a compensation for what he calls a 
waste of power in the “superiority of the nautical 
“ qualifications of ‘the Bellerophon as compared with 
“the Warrior.” But surely Mr. Atherton must see 
that it was precisely the attainment of such “ superior 
“ nautical qualifications” (or qualities, as we should 
prefer to call them) that her designer aimed at, and, 
these being attained, we are afraid no one will greatly 
care what position she takes in reference to a formula 
which gives the highest merit to the greatest bulk and 
expensiveness. Let Mr. Atherton devise a new 
formula, ge | “nautical qualifications” into the 
numerator, and he will find the Bellerophon come out 
so high as possibly to put her predecessors to shame. 





* As a matter of fact, the Bellerophon’s engines cost less than 
the Warrior’s, and consume much less fuel. 
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The truth is, the formula in question has, in our 
opinion, done great harm, by inducing the designers 
of ships to look too exclusively to a single comparison, 
viz., the comparison of form. Where shipsare built 


for the same purpose, and with the same weight of 


material, and fulfil other objects equally satisfactorily, 
then the application of this formula is all very well. 
But it is absurd to make it the only standard of com- 
varison. It is quite possible that if the Bellerophon 
Pad been made 500 ft. long, and of less beam than 
now, she would have come out above the Warrior 
when put into Mr. Atherton’s formula, and would 
therefore have been pronounced by him a brilliant suc- 
cess. But does any one imagine she would have 
equalled the present Bellerophon as a man-of-war ? 
We really must say we should deem it a great public 
disadvantage if the chief constructor of our navy 
were at all likely to be hindered by the formula in 
question in his efforts to combine a high speed with 
moderate length, and the many advantages associated 
with it. 

We must not leave the subject without mentioning 
that while Mr. Atherton has confined himself to the 
displacement formula only, there is another, based 
upon the midship section, which is usually taken with 
it. Itis 

Speed * x midship section 
Indicated horse-power. 

Here, again, and even more directly than in the other 
case, value is put upon extreme length, because it is 
well understood that, by adding to the length of a short 
ship of given section, you will drive her ata high 
speed somewhat more easily, or at a higher speed with 
a given power. This is probably true to a much less 
extent than was supposed a few years ago; but it is 
true to a certain extent, and especially in the case of 
very short ships, of course. But as the formula puts 
a premium upon great length, which is so injurious to 
a lighting-ship, we deny that it is a sound or valuable 
test of the merits of such a ship as the Bellerophon. 
We repeat, it was in a judicious contempt of the 
universal application of such meagre formulee—which, 
leave out of consideration some of the most important 
qualities—that that ship was designed and built, and 
no deductions from such formule only can for a 
moment detract from the complete success of the 
trial, upon which we congratulated Mr. Reed in our 
brief article of August 24. 


RAILWAY BRIDGE OVER THE JUMNA, 
ALLAHABAD. 

Tuts bridge occurs on the main line of the East 

Indian Railway from Caleutta to Delhi, and = oe the 


river Jumna at Allahabad, about 14 miles above its 
confluence with the Ganges. The Jumna, like most of 
the Indian rivers, winds about much in its course, and 
varies considerably in both width and depth. At the 
spot selected for crossing, the depth at low water is 
only 15 ft., but within a distance of three-fourths of a 
mile above and below the site of the bridge it is 65 ft. 
and 72ft. deep respectively. 

The distance between abutments is 3278 ft., and the 
bridge consists of fifteen openings of 205 ft. clear span 
each, crossed by wrought-iron girders, thus giving a 
total waterway of 3075 ft. The height of the top of 
the piers is 58 ft. Gin. and of the rails 80 ft. above 
low-water level. 

The foundations of the bridge consist of ten brick 
eylinders for each pier, 15 ft. 6 in. in diameter, and 
sunk to a depth of 43 ft. below the low-water level. 
Generally speaking, the river bed was found to consist 
of nothing but sand, occasionally mixed with loose 
stones or clay, but nothing like rock was ever met 
with, although borings were taken to a depth of SO ft. 
As the foundations had to be laid where the water 
was 15 ft. deep, and no means were at hand for ee 
ing iron curbs under water, an artificial island was 
formed for each pier in the following manner :—Taking 
the centre of a pier as the starting pomt, and setting out 
a space of 175 ft long by 120 ft. w ide, sand-bags 
were sunk on the down stream and two adjacent sides, 
thus forming three sides of an enclosure, in the centre 
of which loose sand was thrown until en island was 
formed, 100 ft. long by 60 ft. wide at top. On this 
island the ten iron curbs were pitched to form the 
bases for the ten brick cylinders composing the foun- 
dations of the pier, being pitched at a distance of 
15 ft. Gin. from centre to centre, transversely, of the 
yier, and 15 ft. longitudinally. The curb is 13 ft. 6 in. 
in diameter outside and § ft. 6 in. inside, the interior 
of the brick cylinder diminishing to 6 ft. 9 in. dia- 
meter. The curb consists of a flat horizontal ring of 
# in. boiler plate, 2 ft. 6 in. wide, rivetted by an angle- 
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iron to an outer cylindrical ring of similar plate 18 in. 
deep, and having gusset plates connecting the two 
rings underneath. The outer cylindrical ring extends 
3in. above the horizontal one, thus forming a support 
all round to the base of the brick cylinder on the 
outside, and an angle-iron upon the inner edge of the 
flat ring forms a similar support within. To keep the 
curbs in place they were sunk till the top plates 
were bedded on the sand, then 12 ft. of brickwork, 
3 ft. 44 in. thick, was built upon them. The first 5 ft. 
was sunk by removing the sand from underneath the 
curb by hand, after which the sand was scooped out 
bya jham, a description of which operation we shall 
give in a future article. 

After the first 12 ft. of brick cylinder had been sunk 
down to the water level, an additional 15 ft. was 
added, and the process of sinking was then continued 
till the whole had been sunk, when a further 16 ft. was 
built up, making a total of 43 ft. in depth. The curb 
was bonded into the brickwork by six holding-up bolts 
which extended to a height of 16 ft., and at intervals 
of every 5 ft. a ring of flat iron was dropped over all 
the bolts and cottered down on to the brickwork. 

When the foundation wells had been sunk to their 
full depth, the sand at their bottoms was carefully 
levelled, and they were then filled in to the depth of 
15 ft. with conerete, composed of one part of fresh- 
burnt unslaked lime, one part of broken bricks, and 
two parts of under-burnt lime. This was covered with 


a dise composed of two thicknesses of 2 in. planking, | 


weighted by 3 ft. thickness of solid brickwork, the 
water in the cylinders was then baled out, and they 
were built up solid with rubble-stone, and their tops 
levelled ready for the covering stones. To prevent the 
covering stones from spreading, a groove was cut in 
the top of the cylinders, 6 in. deep, and extending 
lengthways of the pier, into which the large stones 
were laid, stretching across the space between the 
cylinders. The stones are all cramped at the joints 
with 1} in. square iron, the stones in the second course 
being dropped into joggles in the one below. Then 
follow twelve courses of brickwork, above which comes 
the second course of covering stones, and at this level 
there is a through or bonding course of ashlar, running 
transversely to the piers. Up to the top of the plinth 
there are similar courses faced only with ashlar, the 
centre part being of large rubble. The piers between 
the plinth and 7 are built with ashlar facing to the 
eutwaters and rubble backing behind throughout the 
whole length of the piers. There are large stones 
for carrying the cast-iron bed-plates, upon which the 
saddles supporting the end standards of the bridge 
rest. 

All the masonry work of this, as of all other rail- 
way bridges in India, has been constructed of sufficient 















































width for a double line of rails ; but the superstructure 
has at present only been erected over half that width. 
The design provides for a double line of railway and 
roadway, the rails being carried on the tops of the main 
girders at a height of about 17 ft. above the surface 
of the roadway. Each span was intended to consist of 
two distinct bridges, placed side by side, and each 
bridge was designed to carry a railway and a roadway ; 
but, as we have already stated, a single bridge only 
has been constructed in the first instance. The main 
girders, of which there are two to each bridge, con- 
sist of a top compressive member formed of wrought- 
iron boxes or cells, a bottom tension flange of wrought- 
iron bars or links, and a web on the triangular system, 
consisting of a series of wrought-iron struts and ties, 
the former of which are vertical. The cross girders for 
the upper roadway are placed at distances of 1 ft. 6 in. 
apart, whilst those for the lower roadway are placed in 
pairs at a central distance of 4 ft. 6in. between each 
pair. The platform of the lower roadway, which is 
formed of meen thickness of 2 in. planking, is carried 
on four wrought-iron continuous longitudinal joists, 
which rest on the cross-girders above mentioned ; these 
joists are braced together on the underside by wrought- 
iron bars 3 in. wide by ? in. thick. The total weight 
of ironwork in the Behe executed amounts to 
4194 tons, which, for a length of 3330 ft., gives a total 
weight of iron per foot run of about 1.235 tons. 

In the illustrations, Fig. 1 shows half-elevation of 
pier; Fig. 2, general elevation of half-span; and 
‘ig. 3, cross section of iron-girder superstructure. 








RECENT PATENTS. 

Besipes brief descriptions of the inventions of 
which the specifications have been published this 
week, the numbers and titles of a few others are noted 
for the convenience of those who may be specially 
interested in their contents. It will be seen that, 
while they may possibly be of ultimate importance to 
the trades to which they relate, they are not of general 
interest, and in most cases they could only be intel- 
ligibly described by the aid of drawings. ‘The specifi- 
cations can be obtained from the Great Seal Patent 
Office, Chancery-lane, on remitting stamps for the 
amounts set against their numbers, which are in all 
cases for the year 1865. 

(No. 3123, 4s. 2d.) Isaac Holden, M.P., Bradford, 
patents an elaborate series of machines for preparing 
and combing wool. 

(No. 3127, 1s. 2d.) George Donnisthorpe, of Leeds, 
patents improvements upon his former coal-cutting 
machines. To feed the machine up to its work, he sets 
up an iron pillar in the working, either in front of or 


behind the machine, jamming the pillar by screws into 
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the floor and the roof. A nut is formed in this pillar, 
and a long screw on the machine is made to work in it, 
and thus to feed the machine forward. 

(No. 3130, 1s. 6d.) A. B. Brown, of 13, Cannon- 
street, E.C., patents details of steam cranes. W here 
a long steam cylinder is employed to lift the weight 
through multiplying pulleys at a single stroke, pro- 
vision is here made to prevent the piston knocking out 
the cylinder cover in case the chain should break. 
This ‘provision is the admission of water, from a tank 
at a higher level, to the out-door side of the piston. 
When steam first strikes the piston, the other end of 
the cylinder is filled with water, and the piston can 
move only by forcing the water back again, through a 
regulating cock, into the tank. A steam-pump is also 
proposed upon a plan for which we could refer to 
several prior patents, but the plan is one that has not 
yet proved successful. It is that of a constant pres- 
sure of steam upon a small piston, and the intermit- 
tent admission of steam upon the opposite face of a 
larger piston upon the same piston-rod. The valve to 
control the admission and exhaust of the steam is 
worked by tappets on the piston-rod. 

(No. 3136, 8d.) T. L. Nicklin, of the firm of Wil- 
liam Millington and Co., of Tipton, patents details of 
puddling and reheating furnaces which have been often 
proposed and patented before. His plan is to form 
air spaces around nearly all the inner brickwork of the 

furnace, and to admit the air thus heated through 
openings surrounding and just above the level of the 
grate. 
~ (No. 3148, 4d.) Hitchcock and Shimmon, of Bury 
St. Edmunds, patent what they no doubt consider an 
invention in the manufacture of driving-belts. They 
find one edge of a piece of leather to be stronger or 
weaker than the other, and so to prevent the belt from 
stretching irregularly, they so arrange the lengths of 
leather of which it is formed, that where the weaker 
side of one length is upon one edge of the belt, those 
of its contiguous lengtlis are upon the other. These 
gentlemen have a mistaken although not unusual idea 
of what constitutes patentable invention. 

(No. 3512, 2s. 10d.) Joseph Woollett, of Leeds, 
patents additions to Jacquard looms. 

No. 3154, 6d.) Mr. Holmes, in conjunction with 
Captain Maury, patents the mode of regulating, test- 
ing, and discharging electric currents for the explosion 
of submarine torpedoes, of which mode so much was 
heard in the papers nearly a year ago. 

(No. 3163, 1s.) Alexander Parkes, of Birmingham, 
the patentee of “ Parkesine,” finds that gun cotton 
in the dry state is liable to explode when treated with 

naphtha or other solvents to convert it into Parkesine. 
So he now proposes to employ the gun cotton in the 
moist state. 

(No. 3166, 1s. 4d.) Emile Watteau, of Middles- 
borough, patents a multiple screwing machine for cut- 
ting several bolts at once, and available for cutting 
bolts of different diameter at the same time. 

(No. 3168, 8d.) H. A. Bonneville, of 38, Porches- 
ter-terrace, Bayswater, patents kinking up or doubling 
up a single bar of iron, so as at once to form a tie bar and 
a pair of chairs for a line of rails. 

(No. 3171, 10d.) Samuel Clark, of Rye, Sussex, 
patents steering gear to work a pair of balanced or 
rather differential rudders, one at each side of a screw 
on, We fail to see any novelty in the gear 
itself. 

(No. 31738, 2s.) Alexander Doull, of Westminster, 
patents several modes of constructing and working 
atmospheric railways, which are likely to acquire in- 
creasing importance. These plans show a philosophical 
mind, although we shall hazard no opinion as to their 
ultimate adoption. The carriages are supported upon 
a central rail within the atmospheric tube, and are 
steadied by light guide rollers, bearing no weight, and 
working against a guide rail at the top of the tube. 
Plans are shown for adapting atmospheric tubes to 
ordinary railway carriages. New forms of exhausting 
apparatus are shown, and as these are pressure, as dis- 
tinguished from centrifugal, machines, we think they 
will prove more economical of power than the fan now 
used for the pneumatic railway. 

_(No. 3179, 1s. 6d.) Andrew Barclay, of Kilmarnock, 
N.B., patents improvements upon his former modifica- 
tion of Giffard’s Injector, whereby he is enabled to 
draw from depths of upwards of twenty feet. It would 
require an article of some length to describe his pe- 
culiar form of Injector, together with his present im- 
provements, nor could they be described without draw- 
Ings. 

_ (No. 3184, 1s.) N. W. Wheeler, of Brooklyn, New 
York, U. S., patents improvements upon upright boilers. 
The tubes do not occupy the whole area of the firebox 





tubeplate, from the centre of which a water-trunk or 
circulating pipe descends, through the middle of the 
circular firebox and grate, to a water bottom beneath 
the ash-pit. Hand holes are provided, also, around the 
circumference of the boiler, at the level of the tube- 
plate, so as to readily remove incrustations. 

(No. 3185, 2s.) ‘This is one of a series of patents 
by Robert F. Fairlie, which is likely to acquire a future 
importance. It is for details of, and improvements 
upon, his double-bogie engine with cylinders and 
driving-gear to each bogie. It has been objected that 
the engine driver is too much pinched for room 
when placed, as in Mr. Fairlie’s present engines, at 
the side of the fire-box. So the patentee proposes to 
make a recess in the side of the fire-box, which gives 
additional room, while it does not lessen the strength 
nor the heating surface. Means are specified also 
for burning petroleum. The patent covers, moreover, 
the extension of the engine frame to and over a steam 
bogie in the rear, which in this case supports a tender, 
or rather a coal-bunker and water-tank. 

(No. 3188, 1s. 4d.) W. W. Hulse, of Manchester, 
patents a series of wood-working machines. 

(No. 3191, 8d.) John Townsend, of Shelf, near 
Halifax, patents an addition to ordinary steam boilers. 
Besides the steam space above the water level, fur- 
ther steam room is provided in large cylindrical 
chambers under water, and which communicate by 
means of pipes with the upper part of the boiler, and 
from which also steam is taken to the engine. 

(No. 3197, 10d.) W. J. Murphy, of the Ladywell 
Brewery, Cork, in order to make a strong and secure 
breech-plug for breech-loading ordnance, proposes to 
force it home by powerful hydraulic pressure, and 
elaborate machinery is attached to the gun for this 
purpose. 

(No. 3199, 10d.) W. R. Lake, of 8, Southampton- 
buildings, Chancery-lane, patents a railway chair, 
invented by H. W. Warner, of Greenfield, Massachu- 
sets, U.S., where it has been for some time in use. Itis 
adapted to the flat-footed rail, the ends of which are 
to be bolted to a single long flange or “horn” formed 
on the outside of the chair, and which flange is flush 
with the head of the rail. The ends of the rails are 
separated by a short length of iron cast upon the inner 
sido of the flange, and formed to correspond with the 
inner side of the rail. 

(No. 3206, 4d.) A. Budenburg, of Manchester, and of 
the well-knownfirm of Schaeffer and Budenburg, patents 
a blasting powder formed of 4 parts of potassio-tartrate 
of soda, 78 nitrate of potash, 8 sulphur, and 10 of wood 
charcoal. 

(No. 3213, 10d.) Joseph Stocker, of Amersham 
Vale-road, New Cross, patents a steam engine in which 
the shaft extends longitudinally through the centre of 
the cylinder. The piston has trunks on both sides, en- 
closing the shaft. The reciprocating is to be converted 
into rotary motion by the old and nearly impracticable 
plan of a sliding pin in a double-screw groove in the 
shaft, and which is of a pitch equal to twice the sliding 
motion. 

(No. 3214, 8d.) 
as the agent of an American inventor, 
for cutting the ends of boiler-tubes, an 
ting the tubes in two from the inside. 

(No. 3215, 6d.) Mr. Newton, also, as the agent of 
White and Butterworth, of Baltimore, U. 8., patents 
a bolt and rivet machine. 

(No. 3218, 2s. 4d.) F. B. Doering, of Bayswater, 
patents as a communication a steam rock-boring ma- 
chine, in some respects resembling Mr. Low’s, which is 
worked by compressed air. 

(No. 3219, 4d.) The late Mr. R. A. Brooman 
patented, as a communication, the use of the plant 
Lygeum spartum as a material from which to prepare 
pulp for paper. 

(No. 3222, 10d.) William Brookes, of Chancery- 
lane, as the agent of the well-known French construc- 
tors, Messrs. Farcot, of Port Saint Ouen, near Paris, 
patents a turbine intended to give great velocity of 
motion with moderate falls of water. 

(No. 3224, 6d.) John Sanderson, of Sheffield, 
patents what may possibly yet prove an important pro- 
cess for making steel-headed rails. An iron bloom is 
first to be heated white hot, and then placed in a cast- 
iron mould, fitting it upon at least two sides, and for a 
flat-footed rail on three sides. In a narrow space be- 
tween the bloom and the remaining side or sides of the 
mould, melted cast steel is to be poured, the expecta- 
tion being that it will unite with the surface of the hot 
iron. 

(No. 3231, 8d.) William Winter, of Leeds, patents 
cone bearings for, pulleys, carrier wheels, &c., where 


A. V. Newton, of Chancery-lane, 
— a tool 
also for cut- 





they run loosely upon the shaft. 


(No. 3283, 1s. 4d.) T. R. Hetherington and S. 
Thornton, of the Vulcan Works, Manchester, patent 
a modification of Crighton’s opener for cotton, where- 
by the cotton may be made to pass either under but 
one or under both beaters, as desired. In place of 
one fan under the centre of scutching-machines, two 
smaller fans are to be placed, one on each side, for 
convenience of erection. A form of teeth for beaters 
is also included, 

(No. 8235, 8d.) J.C. Wilson, of 5, Lime-street, 
E.C., patents forms of circulating tubes for vertical 
boilers. These are bent tubes hanging from the tube- 
plate, and surrounded by the fire. The tube returns 
again through the tube-plate, and one end is carried 
up through the water into the steam space above. 

(No. 3242, 8d.) H. G. Fairburn, of St. Luke’s, 
Middlesex, patents a compressing machine for peat, 
small coal, &c. The material to be compressed falls 
from a hopper into a long rectangular tube, within 
which a ram works by steam or hydraulic pressure. 
The resistance against which the ram acts to compress 
the peat, &c., is that of its own friction in the tube. 
As the ram is drawn back, a separating block of iron 
drops into the tube, in front of the charge, so as to 
divide it into bricks. We fail to see the novelty of this 
apparatus, and consider it to be identical in principle 
with that now used at the Derrylea Peatworks. 

(No. 3245, 10d.) W. A. West, of Fairford, 
Gloucester, patents a revolving spherical boiler for 
treating paper pulp with steam and alkalis. 

(No. 3248, 4d.) Thomas Parker, of 42, St. Ma 
Axe, E.C., patents as a communication from abroad, 
the employment of oxide of magnesium in the oxy- 
hydrogen flame for producing light. 

(No. 3259, 8d.) J. A. Longridge, of Abingdon- 
street, Westminster, patents means for varying the ad- 
hesion of such locomotive engines as have carrying 
wheels at both ends. The driving springs are to be 
slacked or set up, as required, by screw gear worked 
from the foot-plate. 

(No. 3261, 8d.) Messrs. Whitehouse, of Worcester, 
patent an iron dome for close-topped blast furnaces. 
Filling pipes are provided for charging the materials at 
some depth below the dome, and the arrangement is 
such as to economise the gas as far as possible. 

(No. 3265, 6d.) Charles Liddell, of Abingdon-street, 
Westminster, and R. 8. Newall, of Gateshead, patent 
means for mooring structures, such as lighthouses, in 
the sea. A large close chamber, of the required floating 
power, is to be held down below the action of the 
waves by mooring-chains and weights, the latter 
resting on the bottom. The skeleton framing of the 
tower is to rise from the submerged chamber. Means 
for adjusting the tension of the mooring - chains are 
specified. 

(No. 3266, 1s. 4d.) O. C. Burdict, of New Haven, 
U.S., patents improvements upon a machine previously 
patented by him for making nuts. 

(No. 3272, 10d.) J. W. Carr, of Roxwell, Essex, 
patents, under a somewhat different title, a very old 
form of rotary engine. 








Nava Orpnance.—Captain Key, C.B., late of the gunnery 
ship Excellent, has been appointed by Sir John Pakington 
“ Acting Director-General of Naval Ordnance,” and it is under- 
stood that we are at last to have a permanent Naval Ordnance 
Office, instead of the armament of our ships being, as now, indi- 
rectly dependent upon the War Office. 


THe CrRANnK-Suarr or tHe Hercutes. — The shaft 
forged by the Mersey Steel and Iron Company for the engines 
of the Hercules, which are now in course of construction by 
Messrs. John Penn and Son, weighs in’ the rough 84 tons 
11 cwt. 7b. It was sent on, last week, from Liverpool, upon 
a special railway trolly of Messrs. Pickford’s, and on its arrival 
in town it was taken from Camden Station to Greenwich on a 
truck weighing 11 tons, and drawn by thirty of Messrs, Pick- 
ford’s horses, giving a total load of 14 tons to each. It went 
down Regent-street and over Waterloo-bridge, the new West- 
minster-bridge being closed, by the warnings of the authorities, 
against it. It reached Greenwich without accident. The 
engines which are to turn this shaft are of the trunk pattern, 
with 127 in. cylinders and 4 ft. 6 in. stroke. They are expected 
to work up to 7200 indicated horse power. : 

Tur Frencu Instirution or Civin EnGiIngers.—The 
council of La Société des Ingenieurs Civils have established an 
annual prize, a gold medal of the value of 122, for the best 
original memoir sent in by a member of the society during the 
year. 

Crorpon Gasworks.—New and extensive gasworks are 
being erected at Croydon, Mr, Horatio Brothers, of the Equit- 
oe, SO Pimlico, is also the engineer to the Croydon 
works, 

Mr. Samuet Smites.—Mr. Smiles, who has for the last 
twelve years been the secretary of the South Eastern Railway 
Company, has accepted an important post in the National 
Provident Institution. 

IsLe ov Wicur Rarway.—The tunnel under St. Boni- 
face-down, at Veutnor, is completed, and trains will, it is 
expected, commence runniuig into the town on Monday next. 
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SMOKING-SALOON CARRIAGE, QUEENSLAND RAILWAYS. 


CONSTRUCTED BY THE ASHBURY RAILWAY CARRIAGE AND IRON COMPANY, FROM THE DESIGNS OF SIR CHARLES FOX AND SON. 





Tue railways in Queensland, of which Sir Charles 
Fox and Son are the engineers, are laid to a gauge of 
3 ft. 6 in., and this narrowness of gauge has necessitated 
some peculiarities in the construction of the rolling 
stock, which we propose to describe in the present 
notice. The carriages and wagon stock for the 
Queensland lines have been mts 4 by the Ashbury 
Railway Carriage and Iron Company, who have had 
three contracts for their construction. That» part .of 
the stock made under the first contract was built for 
the Queensland Southern and Western Railway, and 
that built under the second contract for the Great 
Northern Railway ; and it is of one of the carriages 
made under the first contract that we now intend 
giving a description, reserving for a future occasion 
an account of the remainder of the stock, including that 
now in course of construction for the Southern and 
Western Railway, and which are of a different pattern 
to that supplied under the first contract. 

The stock built for the Southern and Western line 
under the first contract included 1 smoking-saloon; 
6 composite, 4 second-class, and 6 third-class carriages ; 
2 passenger brake vans; 2 carriage and 4 timber 
trucks; 4 horse-boxes ; 6 sheep vans; 6 covered and 
12 open goods wagons; 6 cattle wagons and 12 
ballast wagons. Of the smoking-saloon we give an 
engraving on the present page, and we intend in some 
future numbers to illustrate other portions of the 
stock. 

The smoking-saloon above referred to is intended to 
accommodate twenty-eight first-class passengers, and 
has a body 30 ft. long, divided into two equal compart- 
ments. ‘The width of the body outside is 6 ft. 6in., 
this being, indeed, the width of all the carriage stock, 
whilst the height inside is 6 ft. at the centre, the 
top of the carriage being 9 ft. Gin. above rail-level. 
The roof is made double, the upper roof having a con- 
siderable amount of overhang, as :hown in the longi- 
tudinal section and end elevation. Each compartment 
is entered by a door on each side at the middle of its 
length, and the seats are disposed down the sides and 
across the ends, as is clearly oan in the half-sectional 
plan. The carriage is lighted by eight large windows 
on each side, in addition to the door-lights, these 
windows being fitted with moveable venetians on the 
outside. There are two lamps in each compartment, 
and the general fittings are all in the most comfortable 
style. 


“The body framing is of wood, but the underframe | 
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being formed of angle-irons 6}in. by 3}in. by } in. 
The soles are connected at the centre of their length 
and at three points near each end by cross bearers, 
formed of angle-irons of the same dimensions as them- 
selves ; the second cross bearer from each end, to each 
of which a bogie pin is attached, being formed of two 
such angle-irons, arranged as shown in the plan. The 
central cross bearer is connected to those next it by a 
central longitudinal formed of 64 in. by 3 in. by } in. 
T iron, two other longitudinals formed of T iron of 
the same dimensions being placed between the second 
and third cross bearers from each end. Each of the 
headstocks also is connected to the cross bearer 
nearest to it by a pair of longitudinals of 64 in. by 
3} in. by $in. angle-iron. To the underside of the 
first, second, and third cross bearers from each end is 
attached a flat iron ring about 4 ft. 6 in. in diameter, 
these rings bearing against similar rings fixed on the 





is of iron, the parts being arranged as shown in the | 


quarter-plan. From this it will be seen that the frame 
is made without diagonals, the soles and headstocks 


top of the bogie frames, as shown in the plan and 
longitudinal section. The width of the frame outside 
| the soles is 6 ft. 1}in. The carriage is carried upon 
| four pairs of wheels 2ft. in diameter, these wheels 
| being connected to two bogies, placed at a distance of 
19 ft. 7 in. apart from centre to centre. The centres of 
the two pairs of wheels of each bogie are 5 ft. apart, 
| so that the extreme wheel-base is 24 ft. 7 in. 

The bogie frames are each 10 ft. long by 4 ft. 9 in. 
wide outside, and the sides and ends are formed of 
angle-irons 6$in. by 3}in. by }in. ‘The sides are 
connected at the middle of their length by a cross 
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bearer composed of two angle-irons of the same size 
as themselves, and the ends are each connected to this 
cross bearer by two longitudinals of 64 in. by 3 in. by 
sin. T iron. The wheels are, as we have already 
stated, 2 ft. in diameter, and the distance between the 
insides of the tyres is 3 ft. 3in. The axles have bear- 
ings 7 in. long, by 3 in. in diameter, fitted with Cart’s 
patent axle-boxes lubricated with oil; and we may 
mention here, that these axles and axle-boxes are used 
for the whole of the stock constructed under the 
first contract. The springs are made with con- 
siderable camber, and are attached to the under- 
sides of the axle-boxes as shown in the side eleva- 
tion. The ‘draw springs are formed of a single 
volute spring placed just inside each headstock, and 
the buffer springs are ordinary plate springs placed as 
shown in the plan. The centres of the buffers are 4 ft. 
3 in. apart transversely, and 2 ft. 6 in. above rail level, 
whilst the transverse distance between the centres of 
the safety chains is 1ft. 6in. The carriage is fitted 
with steps opposite each doorway, but there is no 
continuous footboard; the extreme width over the 
footsteps is 8 ft. 14 in., or very little less than on ordi- 
nary narrow-gauge lines. The weight of this saloon 
carriage is about 9 tons 2 cwt. : 
The particulars of this carriage, which we have given 
in the present article, have been obtained from a draw- 
ing furnished us by the Ashbury Railway Carriage and 
Iron Company, by permission of the engineers to the 


Queensland lines, Sir Charles Fox and Son. 
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THE ALLEN ENGINE. 
To tHe Eprtor oF ENGINEERING. 


Smr,—The article on the Allen — in your last 
number contains statements so preyu cial to my firm, 
that I trust you will give a complete contradiction to 
them in your next, and in as prominent and conspicu- 
ous a manner as they were placed before your readers. 
Our works have not been stopped a single day, 
although, in consequence of the derangement of Messrs. 
Peto and Betts’s affairs, our contract with them for the 
construction and erection of the Victoria Bridge, 
caused us considerable financial embarrassment. 
We are now retiring from the trade of bridge-building, 
and devoting ourselves more exclusively to steam-engine, 
boiler, and millwright work, so that your belief that we 
have given up steam-engine work is erroneous, and we 
are surprised that you should publish such a statement 
without first communicating with us to ascertain its 
truth. We have been manufacturing the Allen engine 
now for near three years, and spent several thousand 
pounds in experimenting, improving it, &c.; but, after 
all our labour, we find that the cost of the engine pre- 
cludes its being successful as a commercial specula- 
tion. We have had no orders for them lately, although 
plenty of inquiries as to price, and we were astonished 
to see in the public papers paragraphs to the effect 
that the Whitworth Company propose to commence 
manufacturing them, such being our only information 
of the fact. : Gee 
Our experience of the Allen valve gear is, that it is 
admirably adapted for the high speed which Mr. Porter 
has advocated ; but that such speed is, although prac- 
ticable, commercially a complete failure, and we have 
not the slightest doubt that the Whitworth Company 
will soon find that out. We are prepared to supply 
engines that, going at a lower speed, will give an 
equally good result as regards consumption of fuel 
and steadiness of motion, and with an equally valuable 
expansion, at a lower cost than the Allen engine can 
be produced at. 
H. HovtpswortH GRIERsoN. 
St. George’s Ironworks, Manchester, 
September 5, 1866. 








CONDENSERS FOR STEAM ENGINES. 
To tHe Epiror or ENGINEERING. 


Sir,—Among the abstracts of “‘ Recent Patents” published in 
your valuable paper, I have noticed on two occasions that you 
mention patents for the old plan of placing a condenser high 
enough to allow the water to flow out by its own gravity, and 
give, as your opinion, that the idea is worthless. Having put 
= condenser of this kind about a year ago in the works with 
which I am connected, a brief notice of its operation may not be 
uninteresting, 

The engine has a cylinder 10 in. in diameter by 20 in. stroke, 
taking steam at 60 lb. pressure, cutting off at one-third stroke, 
and making 60 revolutions per minute, The condenser consists 
of a piece of steam pipe about 2 ft. in diameter and 10 ft. long, 
standing upright, and closed by a bonnet at each end. The 
water is introduced at the top by a 14 in. pipe, terminating in 
a piece of 1 in. pipe inside the condenser, el drilled full of little 
holes to form a distributor. 

When first erected, it was to have been furnished with a small 
pump to remove the air, but it was soon found that this was 
not required, as the downward current of water carried the air 
off sufficiently to maintain a vacuum of about 18 in. of mercury. 

The delivery pipe is 1} in., and terminates in a tank below, 
from which the deob-<pitine for the boiler is taken. In cold 
weather, when the force of the Croton* is strong and the water 
cold, this works very well, the vacuum being about as stated, 
and the discharge running off at about 100°. In warm weather, 
however, the water pressure is not sufficient to maintain a con- 
stant supply of water at that height, and the vacuum is uncer- 
tain. I might mention that at first it was used without an 
internal perforated pipe, the water pipe discharging in bulk, and 
the stream striking the sides of the condenser and running down 
in cool streaks, With this arrangement the gauge was con- 
tinually varying through a small range, say lin., but the 
vacuum was nearly the same. I consider that the success of the 
arrangement depends on the proportion of the delivery pipe to 
the injection, so that the current may be rapid enough to carry 
away all the air. Frep. J. SLADE. 

Dry Dock Ironworks, New York, Aug. 20, 1866. 








_ENGuisH AND Frexcu Navvies.—It is but a few weeks 
since a riot occurred between the English and French navvies 
working on the East Grinstead and Groomsbridge Railway, near 
Cowden, Kent, on the borders of Sussex. Last Sunday another 
fight took place, and the Englishmen, alleging that the French- 
men work for lower wages, vowed to drive them out of the 
country. A strong force of police was sent to the spot, but it 
will be difficult to maintain order for any lengti of time. 

BREECH-LOADING RirLEs.—The Patrie announces that the 
French Government has finally adopted a breech-loading rifle— 
which pattern is not said—and that 200,000 are to be im- 
mediately made. 





* (In New York the Croton water, delivered under considerable 
ss “y at constant service, is commonly called “ the Croton.”’ 
—Ep. Ena. 





THE MAURITIUS DOCKS, PORT LOUIS. 
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‘Lo enumerate the difficulties that beset the engi- 
neer in carrying out works in some of our colonies, 
would really be a difficult task. In many instances 
he cannot get stone of suitable quality or dimensions 
at any cost, and frequently only at such a distance 
from the site of the work that the difficulty of transport 
precludes the employment of the stone. Lime of good 
quality is a rare article in many of the colonies; bricks 
are simply amorphous lumps of half-baked clay ; cement 
suffers much deterioration from the shrinking of the 
staves forming the casks in which it is packed, and the 
rolling and knocking about incident to a long sea voyage 
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shake out a large proportion of the contents of the 
casks, and admit air; timber of suitable dimensions 
must be hunted for in the forests, whilst, when found, 
it is difficult to drag out, and consequently often expen- 
sive. Still there is a satisfaction in meeting these and 
many other difficulties, and if the engineer is for- 
tunate enough to meet with an active and intelligent 
assistant interested in the success of the work, the 
local stumbling-blocks give rather a zest to the ordi- 
nary course of proceeding; and very often provoke a 
laugh from the sudden manner in which they unex- 
pectedly appear, and from the odd devices one is 
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obliged to improvise for their removal. Such a case 
occurred at the Island of Mauritius a few years ago, 
in the construction of the first of the three dry or 
graving docks, which render that island a very useful 
yort of resort for repairs of vessels in the Indian 
weg 

The Mauritius lies in 20° south latitude and 57° east 
longitude, in the centre of the track generally pursued 
by homeward-bound ships from various eastern ports, 
and also in that of the violent hurricanes that have 
their origin some 600 or 800 miles to the eastward of 
the island, and which, after traversing on a W.S.W. 
course until they reach the neighbourhood of the Mau- 
ritius and Réunion, curve away on a southerly and 
south-east course, and then break up. During the 
hurricane season, December to March, many dismasted 
vessels are brought into the harbour at Port Louis ; 
and during the whole of the year, leaking ships make 
for that port from almost all parts of the Indian seas, 
the harbour being a very fine one, and the facilities 
for executing the repairs of any class of vessel, wood 
or iron, being now all that can be desired, or very 
nearly so, Prior to the year 1846, the only means for 
repairing a leaky vessel at the Mauritius consisted in 
“heaving down ”’—to a heavily loaded hulk, an objec- 
tionable mode of proceeding; but during that and 
the succeeding year a small slip was established, capa- 
ble of taking up vessels of 300 or 400 tons. The re- 
sult was so far favourable that as the number of 
vessels requiring repairs increased within succeed- 
ing years, a second slip, of much larger dimensions, 
was brought out to the island, and atter some delay 
put in position. It did not, however, commence 
operations until the end of the year 1854 or early in 


1855, and it then became evident to the proprietors of 


marine establishments at the island that the old sys- 
tem of “heaving down ” must be abolished, and as 
slips had become the order of the day, more must 
be constructed. 

The directors of the “ Mauritius Marine Yard Com- 
yany” accordingly applied to an engineer then at the 


island for plans of a large slip suitable for vessels of 


2000 tons, and were recommended by him to construct 
a dock instead, which, after some hesitation, they 
decided on doing. The proposition took the directors 
rather by surprise, as something of the sort had been 
suggested some ten years before, but had been re- 
jected as impracticable, why so did not appear; but, 
after a few days’ consideration, the engincer was 
directed to propose his plans and estimates. It was 
proposed at first to construct the dock of comparatively 
small dimensions, but the confidence of the directors 
seemed to increase with every day’s advance in the 
work, and the amount of proposed expenditure was 
very soon increased from 20,000/. to 30,000/., and 
ultimately to something approaching 40,000/. A 
good deal of delay was caused at the commencement 
of the work by necessary local arrangements respect- 
ing rights and titles of the land forming the site, which 
was held on leases from the Colonial Government. 
Every facility, however, was afforded by the Surveyor 
General, whose department was the one chiefly con- 
cerned, and the exeavation was commenced. The man- 
ner of performing this part of the work would rather 
surprise an English zavry, the men employed at it being 
Indian coolies, dressed in something -of the style 
described as that of some potentate on the west 
coast of Africa, whose attire on occasions of state and 
ceremony consisted of a cocked hat, a pair of black 
gaiters, and a sword belt. ‘Their slight fleshless 
limbs do not “ look like work,” but they are sinewy, 
and possess powers of endurance greater than their 
appearance would lead an observer to suppose. They 
vannot be taught to appreciate wheelbarrows, and the 
earth obtained from any excavation is carried out by 
them on their heads in baskets made of ratan, and 
holding nearly a bushel. In this way they will do a 
fair day’s work—for a tropical climate, be it understood. 
The piles for the coffer-dam had to be cut in the 
forest and brought to the spot by mules. The piles 
were driven in two rows 41t. apart and about § ft. 
from each other ; and longitudinal wales weré attached 
to them by serew bolts that passed through both rows of 
piles and formed the ties acro.s the dam. Three-inch 
deal planks were then driven in between the piles and 
spiked to the wale pieces, the mud, or a portion of 
it, being then scooped out from between the two faces 
of the dam, and a ferruginous red clay, taken from the 
vicinity of the new work thrown in and rammed. The 
dam may appear, from this description, to have been a 
slight one, and it was so, but still sufficiently secure 
for the purpose in the situation where it was made, 
The harbour of Port Louis is a very quiet and 
tranquil piece of water—hurricane times excepted—and 





at the head of the harbour a portion of it, forming a 
right angle with the main harbour, is known as the 
“Trou Fanfaron,” and on one bank of this sheltered piece 
of water the dock was constructed. ‘The rise and fall 
of tide is never more than 3 ft., and that only at spring 
tides, and the coffer dam had but little to do, as the 
depth of water in front of the proposed dock did not 
exceed 6 or 7 ft. for some distance from the shore, and 
the necessary depth for ships to get into the dock had 
to be afterwards obtained by dredging. There was at 
first very little leakage, but when the excavation had 
been taken down to about 15 ft. below the surface of 
the water outside the dam, some very serious leaks 
opened in the bottom. The tongue of land which 
separates the Trou Fanfaron from the main harbour 
has been deposited during past ages by a stream which 
enters the latter at its head or landward extremity, and 
brings down even now large quantities of débris from 
the valleys and mountains of Pieter Botte and Long 
Mountain range. The lower stratum is of boulders 
and water-worn stones torn from the bed of the stream 
by heavy torrents, and the upper consists of lighter 
material brought down and deposited by ordinary 
freshets. To overcome the ee which poured in 
through some of the interstices between the boulders, 
it was necessary to sink a deeper well, and employ 
arger pumps than had hitherto been required. With 
some difficulty a well was sunk to a depth of 25 ft. 
below low-water mark, and the three or four old ship 
pumps that had previously a the excavation clear 
of water, and had with difficulty done so during this 
operation, were taken out. Pumps had now to be im- 
provised, as nothing suitable was to be had in the 
island, and four were immediately put in hand. 
They were made of an island wood, the form being 
rectangular, and the dimensions about 12 in. square 
inside. The planks forming them were tongued and 
grooved at the angles, and were nailed and strongly 
clamped together. Two of these pumps were firmly 
attached to framing, at a distance of about 6 ft. 
apart, and the buckets were worked by rods sus- 
pended from a rocking-beam, with a vertical piece 
in the centre, to the top of which a long wooden con- 
necting-rod was led from the crank-shaft of a small 
horizontal steam-engine. Two sets or pairs of these 
pumps were placed side by side about 3 ft. apart, and 
the wooden connecting-rod led to a cross bolt or bar 
that united the two vertical pieces on the rocking- 
beams. The quantity of ated and sand brought up 
in the pumps wore away the buckets and interior of 
the pumps so quickly that three or four ship carpenters 
were constantly at work making new ones to replace 
those worn out, but there was no help for it. The 
poor little engine groaned and puffed away day and 
night, and one day the boiler very quietly rent open 
and put the fire out, doing no other mischief. Ad- 
vantage was taken of the delay for repairing the boiler, 
to get the cylinder of the engine bored out, and in a 
week or so the pumps were at work again, “ /unction- 
ing magnificently,” as the old Creole foreman said, 

The stones for the masonry at the entrance of the 
dock were being prepared during this time, and as soon 
as the ground was ready that part of the work was 
begun. The bottom was sufficiently hard and com- 
pact to render any artificial foundation unnecessary, 
and the inverted arch forming the sill of the entrance 
and the first course of the stone pier-head on each side 
were laid on the natural soil in a good bed of cement. 

The pier-heads or jambs of the entrance were of 
well-laid rubble masonary, faced with cut stone, laid in 
courses of 1 ft. in height, the dimensions at the bottom 
being 25 fi. by 12 ft., with a clear width of 37 ft. 8 in. 
between the first courses of the piers. The outer face of 
each pier, that towards the harbour, and the inner face, 
the one towards the dock, were built vertically ; the 
third, or that forming the side.of the entrance, was 
stepped back 3} in. in each course, the width between 
the pier-heads, which were fifteen courses in height, 
being thus increased to 45 ft. 10 in., at 2 ft. above the 
highest tide. Between the pier-heads an inverted arch 
was laid down, the thickness of which was 2 ft., the 
first eut-stone course of each pier-head forming the 
skewback. The radius of the arch was 40 ft., and the 
depth of water over the centre at high tides was about 
18 ft. At a distance inwards of 8 ft. from the ex 
terior face of the pier-heads, a reveal was made in each 
pier-head, and in the inverted arch, for the caisson to 
shut up against in closing the dock. This reveal was 
1 ft. 41n. in each pier-head and 9 in. in the arch form- 
ing the sill, and the outer portion of the latter or 
apron was thus struck with a radius of 40 ft. 9 in. 
An exterior elevation of the dock entrance, showing 
the recess for the caisson, is given in Fig. 2 on the pre- 
ceding page. 





The bottom of the dock inside the entrance was 
formed by an inverted arch of about 50 ft. radius, and 
sunk 3 ft. below the arch of the entrance, to allow 
sufficient space for a cradle formed of squared timber, on 
which the vessel rested as the water was pumped out 
of the dock, to be bolted down to the arch. The sides 
were lined with cut stone laid in steps or “altars ” in 
the usual manner, the clear width being about 25 ft. 
more than that of the entrance. The length of the 
dock was gradually increased to 350 ft., or very nearly 
so. Several stoppages or slack times occurred during 
the progress of the excavation, from prevalence of 
epidemic cholera, but the work never absolutely ceased 
for any length of time. 

The caisson, which is shown in Figs. 3 and 4, was 

constructed of wood, trussed by four horizontal frames. 
The inner face is flat, and the outer one a segment ofa 
circle, the radius at the top being 50 ft. and at the 
level of the bottom of the pier-heads 37 ft. Below that 
point the caisson is iiada in like the bottom of a 
ship or boat. It was ballasted with pig iron, and 
floated perfectly upright, with 7 ft. out of the water. 
It is sunk into its nnd in closing the dock, by the 
admission, through cocks, of a certain quantity of 
water, and floated out again by pumping out the water. 
That part of the interior face which came in contact 
with the stone reveal in the pier-heads and the arch, 
was covered with harness of eg a full quarter of an 
inch in thickness, which makes a perfectly tight joint, 
and both faces of the caisson were coppered. The 
water for filling the dock was admitted by two square 
ports through the caisson. The machinery for empty- 
ing the dock consisted of three of Gwynne’s centrifugal 
yumps of the size known as “ 3 B,” these being calcu- 
fated to discharge 5315 gallons per minute. These 
= were placed on a wooden platform securely 
ymuilt in the masonry of the pump-well, one end of 
which was formed by the interior wall of one of the 
pier-heads. The platform was placed about 10 ft. 
above the bottom of the well, which communicated 
with the dock by three culverts, 3 ft. in height by 2 ft. 
in width, with wrought-iron grated doors to keep chips 
or rubbish from entering the well. The pumps were 
driven by a 30- horse non-condensing steam-engine, with 
oscillating cylinder. The flywheel of the engine was 
15 ft. in diameter, and weighed about seven tons; and 
it was fitted around its periphery with wooden cogs, 
which geared into a cast-iron pinion, 5 ft. in diameter. 
On the shaft carrying this pinion were three driving- 
wheels or pulleys, 7 ft. in diameter, which communi- 
cated motion to the pulleys of the pumps by leather 
bands. Only one of these driving-wheels was fixed on 
the shaft, the others admitted of being thrown in or 
out of gear by a clutch, and the manner of working 
the pumps was to use the whole for one-third of the 
depth of water to be taken out (about 21 ft.). One 
was then thrown out of gear, and, when the water was 
reduced to about 7 ft., the second was thrown out, and 
the third completed the pumping. Nothing could be 
more satisfactory than the manner in which the pumps 
performed the work allotted to them; the quantity 
pumped out during the first part of the operation ex- 
ceeded 20,000 gallons per minute, and towards the 
close of the pumping it was easy to get the single 
pump, when working at about 20 or 21 ft. lift, to 
throw out 6000 gallons per minute, by slightly increas- 
ing the velocity. The water was sometimes dirty, as 
steamers coming into the Trou Fanfaron stirred up the 
mud very much, and occasionally some careless fellow 
would leave one of the gratings open, allowing chips 
or wedges to float into the well; but nothing seemed 
to come amiss to the pumps, dirty water, mud, chips, 
or wedges, if they were not too large to get through 
the valves at the bottom of the pipes, all were safely 
brought up and thrown out at the top. These pumps 
were used only for emptying the dock; the keeping it 
dry while a ship was under repair was done by reci- 
procating pumps, four of which were so arranged, 
being secured to wooden framing built in the mason- 
work of a well on the opposite side of the dock from 
the large pumps, that any one or more of them could 
be want as might be required, by the small engine 
that was erected for the purpose. These pumps, with 
all their gear, had to be made up from some detached 
pieces of old sugar-mills and an obsolete paper-making 
machine ; but, notwithstanding the uncouth appear- 
ance of the whole when put together, the object im 
view was attained in a very satisfactory manner. 

On the 16th of May, 1858, the French ship, Guy, 
was taken into the dock, the water was supa out 10 
less than two hours, convincing the wise men of the 
island that the scheme was practicable. This may 
sound rather odd, but it is simply a fact that, when the 
dock was first proposed, many objections were brought 
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to bear against the visionary ideas of the engineer, by 
persons of station and influence in the island; not 
against himself personally, for he was fortunate enough 
to meet with favour and consideration generally 
throughout the colony, but against the project in 
itself; and some of the consequences which were to 
follow the adoption of his plans would certainly have 
been very unpleasant. The leakage was to have been 
so great from all the land and sea in the vicinity, that 
to get the dock dry, or to maintain it so for any length 
of time, would be found impossible. The men (ship 
carpenters and others) would never be able to work 
ie a ship in so dark a place. Under the vessel the 
air would be so cold and damp that men could not re- 
main there ; and as a crowning finale to these and forty 
more fatal objections, the caisson having all its weight 
on one side, and not being secured in its place by bolts 
or other fastenings, was to fall outwards, and the sea 
was to rush in and overwhelm ship, workmen, the 
hapless engineer, and everything in the dock in a 
general deluge and destruction. It would be unfair 
in closing these notes to omit mentioning that the suc- 
cessful carrying out of the entire work was in great 
measure due to the untiring zeal with which one of 
the managing directors of the company superintended 
the details of every part. Very well informed on 
mechanical matters generally, and possessing high in- 
telligence and talent, the plans and descriptions of any 

art of the work had but to be laid before him, when 

eat a glance saw what was to be done, and at the 
proper time did it. 

Of the accompanying sketches, No. 1 is an approxi- 
mate sketch of the harbour of Port Louis, showing the 
position of the Trou Fanfaron and of the docks; No. 2 
is an elevation of the entrance from the outside ; 
No. 3 is a horizontal section of the caisson taken just 
above the lowest of the four trusses, or frames; and 
No. 4 is a vertical section of the caisson. 


Shortly after the opening of this, the first dock con- 
structed at the Mauritius, a large warehousing and 
storing company, who also carried on the repairing of 
ships on an extensive scale, under the name or title of 
the “Mauritius Dock Company,” employed the same 
engineer who had designed the dock for the Mauritius 
Marine Yard Company, to prepare plans, &c., for a dry 
dock on a site algdaies that of the one then in full 
operation, and the work was commenced in December 
of 1858, the first pile for the coffer-dam being driven 
on the 8th of that month, and the excavation fairly 
commenced, The principle on which this dock was 
constructed resembled in all the main points that of 
the one completed, but it was of larger dimensions. 
The clear length inside was 360 ft., the width at the 
top 80 ft. and at the bottom 40 ft. The entrance was 
60 ft. in width at the top, and 52 ft. at the bottom, 
with a clear depth of 21 ft. over the sill at high-water 
spring tides. The depth of water inside the dock was 
about 25 ft., and the quantity of water in it when full 
and without a ship about 12,700 tons. ‘This dock was 
opened, and a ship taken in for repairs, on the 29th of 
August, 1859, or in zize months from the commence- 
ment of the work. It is true the dock was not com- 
pleted, at least not in the sense in which probably the 
word was used by a celebrated English engineer a few 
months ago, when speaking on the subject of construct- 
ing a graving-dock in a year; but it was so far ad- 
vanced or completed that a large steamer, the Sarah 
Sands, was taken in for repairs ; and from that time to 
the present the dock has never been unemployed. The 
water was pumped out on that occasion, and for some 
months afterwards, by temporary pumps made on the 
spot. In fact, the permanent pumping-machinery only 
commenced working towards the end of 1860. It con- 
sisted of three of Messrs. Gwynne’s centrifugal pumps 
(“4 B? size), calculated to discharge 12,000 gallons 
each per minute ; but the quantity actually discharged 
by the pumps exceeded that considerably, and their 
performance was very warmly praised by the president 
of the court of directors at their half-yearly meeting in 
February, 1861. Indeed, no part of the dock excited 
so much admiration as well as surprise among the 
residents in Port Louis and of the island generally as 
those pumps. Very little having ever been done in 
pumping water in the island, an ordinary ship’s pump 
or something of the sort, with its rattling and clanking 
rods, was the only instrument for that purpose with 
which the majority of the colonists were acquainted, 
and the feeling excited among the visitors to the dock 
by the huge unbroken streams of water thrown out by 
the centrifugal pumps, without noise, and apparently 
without effort, was simply one of astonishment. A 
third dock of the same dimensions, and similar in de- 
sign, has since 1860 been constructed, and the whole 
find a constant demand for their services. i. 





RAILWAY CARRIAGE AXLE-BOXES. 

Except, perhaps, the wheels, there is scarcely any 
detail of railway rolling-stock which exists in a greater 
variety of forms than the axle-boxes, and there is 
scarcely any other that has been made the subject of a 
greater number of patents. There are axle-boxes for 
grease, axle-boxes for oil, and axle-boxes for water, 
and even at the present time, when railway practice 
might be supposed to be becoming somewhat settled, 
there are probably scarcely two lines of railway in 
this country which are using axle-boxes of precisely 
the same design. Within the last few years oil has 
been gradually becoming substituted for grease as a 
lubricant for the axle-boxes of passenger carriages, 
both in this country and on the Continent, and the 
consequence has been the introduction of a number of 
ecdal arrangements, some of which we propose to 
describe in the present notice. 


On some of the French lines oil axle-boxes are 
being very extensively and successfully employed, the 
Paris and Orleans and the Northern railways alone 
having more than 80,000 of these boxes now at work. 
On the Northern Railway the saving in the cost of lubri- 
cating material effected by the substitution of oil for 
grease is said to amount to 40 per cent., whilst the wear 
of the bearings is reduced, as well as the tractive power 
required to haul the trains. On the Northern Railway 
the wear of the bearings is stated to average 6.9 kilo- 
grammes per 100,000 kilometres run when the axles 
are lubricated with grease, whilst with oil the wear is 
reduced to less than 3 kilogrammes in the same dis- 
tance. The composition of the bearings employed 
varies a little, but the mixture most generally used 
consists of 82 parts of copper and 18 of pewter. The 
oil axle-boxes used on the Northern line, as well as 
those of the Orleans, are furnished with grease-cham- 
bers above the axle, like ordinary axle-boxes, but, as 
this grease is only intended to come into action in the 
event of the bearing becoming warm, the holes by 
which the grease-chamber communicates with the 
bearings are closed by plugs formed either of fusible 
metal or hard grease. The metal plugs that are gene- 
rally used are composed of 37 parts of lead, 37 parts 
of pewter, and 26 parts of mercury, and cost about 
0.19 france each ; the grease-plugs are made of mixture 
of 70 parts of Marseilles soap and 30 parts of stearine, 
and cost about 0.019 franc apiece. The oil is con- 
tained in a chamber at the bottom of the axle-box, 
being introduced through a small opening in front, 
and it is supplied to the axle by a sort of pad or brush 
of cotton pressed against the underside of the journal 
by means of springs, a piece of white wood imbedded 
in the fibre receiving the thrust, and preventing the 
filaments from being pressed too closely together. ‘The 
escape of oil from the back of the box, and the en- 
trance of dust, are prevented by two washers or collars 
of leather, and the boxes frequently run 10,000 kilo- 
metres, or about 6210 miles, on the express trains, with- 
out having the oil renewed. The price of one of these 
oil-boxes complete is stated to average 26 fr. 45 c., 
or about 23s. 6d., the journals to which they are applied 
being rather more than 63 in, long, by 34in. in diameter. 

We may now describe some of the forms of oil axle- 
boxes used in this country. On the South-Western 
line, Mr. Beattie employs the axle-box patented by 
him, and which is shown by the sections, Figs. 3 and 4, 
in the engraving on the next page. This box is formed 
in two parts, held together by a pair of bolts, which 
also secure the spring; and, like the French box which 
we have already described, it is furnished with a grease 
chamber above the axle, this chamber being filled with 
hard grease, which only comes into use in the event of 
the bearing heating. Both the oil and the grease are 
introduced through an opening communicating with 
the grease chamber in the usual way, a pipe passing 
through the grease conducting the oil into the lower 
chamber of the box, as shown in the longitudinal 
section. Underneath the journal is placed a block of 
wood, having openings in it, through which a number 
of cotton wicks pass down into the oil below, the wicks 
being kept pressed up against the underside of the 
journal by means of light springs, as shown in Fig. 3. 
The escape of oil at the back of the box and the 
entrance of dust are prevented by encircling the axle by 
a double collar of wood, this collar having a recess 
formed in it, which is closely packed with oiled cotton. 
This wooden collar is placed in suitable recesses formed 
in the two halves of the box, and the lower part of it 
is kept pressed lightly against the underside of the 
axle by means of a spring below. The joint between 
the two parts of the Box is _ tight by the interposi- 
tion of a leather washer, and we believe that these 
boxes have been found to work well in practice. 





The oil axle-box used on the Great Northern Rail- 
way closely resembles that employed on the Northern 
Railway of France, there being a grease-chamber 
above,and an oil-chamber below; and the latter being 
fed through a separate opening, which, in the case of 
the Great Northern axle-box, is placed on one side. 
The oil is also supplied to the journal by a number of 
cotton filaments carried by a* light iron frame, and 
pressed upwards by springs, and the back of the box is 
closed by a leather collar encircling the axle. 

On the London and North-Western, the Great 
Eastern, and several other lines, Blackburn’s patent 
oil-bags, or, as they have been generally nicknamed, 
“stockings,” have been used somewhat extensively, with 
good results. These oil-bags consist of bags made of oil- 
proof material, and fitted to the grease-chamber of an 
ordinary axle-box. The bags are furnished with a neck 
through which they are filled, this neck reaching up to 
the grease-door in the front of the axle-box, and giving 
them a shape greatly resembling the foot of a stocking, 
—hence their nickname. The oil is fed to the axle-box 
by means of a capillary wick which reaches from the 
interior of the bag, round the lip of the neck, to the 
outside, and gives off the oil to a felt pad laid on the 
bottom of the grease-chamber. From this pad the oil 
is conducted, by felt plugs placed in the grease-holes, 
to the journal. The back of the axle-box is closed by 
means of a collar of felt, and felt pads are also placed 
against the underside of the journal to distribute the 
oil and to prevent dust from coming in contact with 
the bearing. In some cases tin boxes furnished with 
a porous wick, and placed in the front of the grease- 
chamber, have been substituted for the oil-bags above 
mentioned. 

Probably. one of the best and simplest forms of axle- 
box as yet brought into use for railway carrying stock 
is the “ Lightner” box, which was introduced on the 
Boston and Providence Railway, U.S., by Mr. John 
Lightner as long ago as 1848, and which is now in 
very general use on American lines. The “ Lightner” 
box is also employed in this country on the North 
London Railway, where Mr. William Adams has ap- 
plied it, in a somewhat improved form, not only to his 
carriages, but to his wagons, and to the bogie axles of 
his enginesalso. From the sections of the “ Lightner” 
box given in Figs. 5 and 6, it will be seen that its 
principal peculiarities are that a packing-piece is inter- 
posed between the brass bearing and the top of the 
axle-box, and that is furnished with no chamber above 
the journal for lubricating material. The brass is held 
in its place by means of a transverse lip formed on the 
packing-piece already mentioned, and the top of it is 
slightly rounded longitudinally, as will be seen in 
Fig. 5, so that it readily takes a fair bearing upon the 
journal. The packing-piece is, in its turn, held in 
place merely by a ledge or lip, } in. deep, formed on 
the crown of the box, and which extends across the 
front of it, and thus, by lifting the axle-box to the ex- 
tent of the depth of this lip, the packing-piece, and 
after it the brass, can be taken out through an opening 
in the front. This is a great convenience, and enables 
the brass bearing to be easily changed and renewed 
without the trouble of lifting the carriage in the ordi- 
nary way. The back of the box is closed by a leather 
collar placed around the axle, and the escape of the 
oil is also intercepted by a division extending across the 
box near the inner end of the journal, as shown in the 
figures. The lubrication is effected by tightly packing 
cotton waste soaked in oil under the journal in that 
part of the box which is in front of the division, and it 
is the practice on the North London line to oil the 
boxes of each train once a month, the average mileage 
run during that time being 3000 miles. It is very 
probable that the axle-boxes might be made to run a 
much longer time without any fear of heating, but it is 
so little trouble to examine or oil them, that it is not 
worth while to run any risk. ‘The construction of the 
“Lightner” box is extremely sim ple there beingscarcely 
any fitting about it. Indeed, all that has to be done is 
to put in the two studs by which the front cover is 
held on, and to face the surface upon which that cover 
rests—this last operation being performed upon a grind- 
stone. The packing-piece and bearing are put in their 
places just as they leave the sand without any fitting 
whatever, the brass bearing being lined—on a turned 
mandril—with Babbitt’s metal. 

When these boxes are examined, it is frequently 
found that no fresh oil is required, it being aan 4 
necessary to turn the waste over so as to bring a fresh 
surface in contact with the axle; sometimes, however, 
considerable leakage takes place at the back, the oil 
escaping over the division and past the leather collar. 
To avoid this waste, Mr. Adams is now applying to a 
number of the “Lightner” axle-boxes the “ Basson ” 
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RAILWAY CARRIAGE AXLE-BOXES. 


THE “LIGHTNER” BOX, MR. BEATTIE’S BOX, THE BASSON LUBRICATOR. 
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lubricator, which is now being introduced into this 
country by Mr. Francis Wise. We give in Figs. 1 
and 2 transverse and longitudinal sections of one of 
Basson’s lubricators, as applied to the bogie axleboxes 
of the North London engines, and from these it will 
be seen that it consists of a tin box, having a lid per- 
forated with a number of small holes, and furnished 
with an opening down the centre, through which a 
wick-holder projects. The wick holder contains a 
number of cotton filaments, the lower ends of which 
dip in the oil contained in the box, whilst the upper 
ends, which are spread out, as shown, are pressed 
against the under side of the axle by springs placed 
under the wick-holder. 
the box is situated a screen of chamois leather, and, 
when the lubricator is placed in its position in the 
lower part of the axle-box, any oil dripping back from 
the journal is first separated from its coarser impurities 
by the perforated top of the tin box, and then perfectly 
filtered through the leather screen beneath, so that it 
returns to the reservoir in a clear state. The reservoir 
is replenished when necessary through the spout in 
front. Our illustrations of the “ Basson” lubricator 
and of the “ Lightner” box, as used on the North Lon- 
don Railway, have been prepared from tracings kindly 
— to us by Mr. William Adams. In some forms 
of Basson lubricator the chamois-leather screens are 
done away with, and the return oil is strained through 
cotton fibre placed at one end of the reservoir, the oil 
being conducted to it by an inclined plane. 

A set of the Basson lubricators has now been in 
use on the North London Railway about eighteen 
months, during which time they have run about 56,700 
miles, and they are still in excellent condition. Mr. 
Adams has also applied them to some of the bogie 
axles of his engines, and is now about trying them on 
his passenger carriages on a more extended scale. We 
may mention here that the “ Basson” lubricators have 
been supplied on the Continent to a number of the 
Prussian railways, as well as to French and Austrian 
lines, and that on the Rhenish Railway some special 
experiments were made with them, and excellent re- 
sults obtained. In these experiments two carriages 
were fitted with the Basson lubricators, containing 
accurately recorded weights of oil, and the carriages 
were then run, the one 2265 and the other 3133 Ger- 
man miles, these distances being respectively equal to 
10,419 and 14,411 English miles. Upon the lubrica- 
tors ens examined after these distances had been 
performed, it was found that the four forming the first 
set had lost 21b. 5 loth (German), and the second set 
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3lb. 13.2 loth ; these quantities being approximately 
equal to 2 lb. 3 oz. and 3 lb. 7 oz. English. 

The advantages gained by the employment of oil as 
a lubricant for railway axle-boxes are such that there 
is no doubt but that the use of oil-boxes will soon be 
even more generally adopted than they now are. In 
the case of the “ Lightner” boxes on the North Landon 
Railway, Mr. Adams finds that they effect a consider- 
able saving of labour, no greasers being required at 
the stations, whilst they also reduce the trouble arising 
from heating. When the heating of one of these boxes 
does occur, it is generally a gradual process, the box 
being a little warm one » hag a little warmer the next, 
and so on, it being but very rarely that one becomes 
hot suddenly. Another advantage is, that even if a 
box becomes hot the lubrication still goes on, whilst in 
the case of an axle-box lubricated by grease the latter 
is apt to run through, leaving the journal dry. 
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STEAM FIRE-ENGINES. 
To tue Eprror or ENGINEERING. 

Sir,—At the late trials here of steam fire-engines of Messrs. 
Shand, Mason, and Co., of London, and Messrs. Merryweather 
and Sons, there was a marked difference in size of the two 
engines. The engine of the first-named firm, weighing 35} 
ewt., and designated as the short-stroke class, has a single 
cylinder of 7}in. diameter by 8 in. stroke, the piston of which 
is directly connected to a double-action pump of about 7 in. 
diameter, to two piston-rods ; between the latter the crank-shaft 
revolves, and upon this is keyed a small fly-wheel. The 
connecting-rod, being joined to the pump-plunger, thus governs 
in the usual way the stroke of the piston. A cominon slide 
valve, driven by an eccentric, distributes the steam—apparently 
a good and simple arrangement. 

The engine of Messrs. Merryweather and Sons is of the long- 
stroke class, with two cyli: ders, each 6}in. diameter, two 
direct double-action pumps of 5in. diameter, with 18 in. stroke 
of pistons. No crank or eccentric is used, the distribution of 
steam being obtained by a twisted bar running parallel with 
each pump and cylinder, and fixed in bearings ateachend. By 
the reciprocation of the piston the crosshead slides along the 
bar, and causes it to make a partial revolution. The end next 
the steam cylinder is round, and here are fitted the two levers 
that move the balance slides, soas to revolve on the bar freely. 
At the side of each lever is keyed fast on the bar two actuators 
or tappets, arranged to strike the respective levers to and fro, 
and give the desired admission of steam before the end of stroke 
of each piston, the steam thus acting as a cushion to take up 
the inertia of the piston. It is evident that to cushion the piston 
properly the steam must be admitted quickly. 

This, I conclude, is one reason for the instantaneous blow 
given by the actuator on the balance valve levers, and it limits the 
speed of the engine. 

During the trial here at Rouse’s Mill, we had a favourable 
opportunity of testing the qualities of the two systems. Both 
worked under similar conditions, each with a jet of 14 in. diameter, 
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and raising the water to the same height. The long-stroked 
engine had a pressure of steam of from 100 to 145. The 
short stroke stood at 120 1b. The long-stroked engine made on 
an average 80 double strokes of each piston per minute, thus 
giving 240 ft. of each piston per minute. Thus, 2 strokes of 
iston X 3 ft.=6 ft.x 80 revolutions or double strokes=480 ft. 
by the two pistons. 480 ft. of pistonxby area of cylinder 
35.78—1728=119 cubic feet of steam used per minute, there 
being no expansion. 

The short stroke engines made 150 revolutions per minute, 
which with 1 ft. 4 in. of piston = 200ft. x area of cylinder 
44.1 + 1728 = 61 cubic feet of steam used per minute, 
thereby demonstrating that the long-stroked engine doing the 
same duty as the short one uses twice the quantity of steam, 
and corroborates what has been stated by many persons, that 
the consumption of fuel in the long-stroked engine is double 
that of the short one. 

I should not have troubled you with these particulars had not 
the disparity of steam used been so great, and the long stroke 
considered as unequalled, and the crank system obsolete. I 
have always advocated the crank system, and shall continue to 
do so until I see it superseded by some better arrangement than 
is now employed. 

As a fire-engine, the single cylinder short stroke sustains the 
jets thrown well and solid, and on several occasions projected 
the water much higher than the other. 

A single cylinder 18in. stroke, by Merryweather and Sons, 
was tried here in the first -instance, but failed to give a good 
jet, the water being projected like balls at every stroke of the 
piston. It was, therefore, not considered suitable by our fire 
authorities. Placing this at your dis’ 

1 am, Sir, your obedient Servant, 
Wa. Hacug, Engineer. 
Bradford, Yorks. , 








To THE Eprror or ENGINEERING. 

Sir,—Having seen in your last impression an account of the 
steam fire-engine competition at Bradford, I feel that the jus- 
tice of the case will be sufficient apology for the following few 
remarks, 

First, with regard to the makers’ objection to weighing the 
double cylinder engine, they stated that the comparison would 
not be just between the weights of a double and single cylinder 
engine this, I think you will admit, was but reasonable. : 

In the next place with regard to getting up steam, there being 
no restrictions as to fuel, each maker used. what he thought 
best, although I have it on good authority that Messrs. Merry- 
weather and Sons used neither “petroleum or other fatty 
matter ;” but I am glad to see you do not attribute their success 
entirely to the fuel, but to the superior construction of their 
firebox for raising steam rapidly. 

Lastly, I did not hear it expressed as a general opinion that 
the 1} in. jet of Messrs. Shand, Mason and Co. was highest; on 
the contrary, the large jets of the other makers were generally 
admitted superior. 

I need not say 1 have enclosed my card as a guarantee of good 
faith, feeling assured your love of fair play will ensure the inser- 
tion of the above in your valuable journal. 

I have the honour to remain, Sir, yours respectfully, 


An EyEWITNESS. 
Bradford, September 5, 1866. 
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THE “DARBY” 


BLOWING ENGINE AT THE EBBW VALE 


IRONWORKS. 


CONSTRUCTED BY MESSRS. MATTHEW LOAM AND SON, PERRAN FOUNDRY. 


ime aur. 


THE EBBW VALE BLOWING ENGINE. 


WE published, last week, engravings showing the general 
arrangement of the large blowing engine recently erected at the 
Ebbw Vale Ironworks, and we now give an enlarged section 
and plan of the blowing cylinder, showing the arrangement of 
the air valves. From these views it will be seen that the valves 
are applied directly to openings in the cylinder-covers, there 
being no long ges between the cylinder and the valves. 
The inlet and outlet openings have an area equal to one-fifth 
that of the blowing cylinder, and the valves are of india-rubber 
with wrought-iron plates above and below them. They are 
ordinary flap valves, those which open downwards being 
counterbalanced as shown in the engravings. After passing the 
delivery valves, the blast is conducted through passages 12 ft. 
wide by 1 ft. 11 in. high into a pipe 5 ft. 6 in. in diameter, con- 
necting the passages at the.two ends of the cylinder. From 
this pipe is passes into the reservoir, 40 ft. long and 14 ft. in 
diameter, as mentioned in our description last week. 

The engine is ultimately to supply blast to four furnaces and 
two refineries, and when doing that duty it will make seventeen 
revolutions per minute. At present, however, only two furnaces 
and two refineries are to be blown. The steam is supplied by 
nine boilers, most of them heated by the waste gases from 
the blast furnaces. The boilers vary somewhat in their 
dimensions, and some of them are single and some double flued. 
Most of them are of the latter kind, and are 40 ft. long by 
7 ft. 3in. in diameter, with two flues, each 2 ft. 2 in. in 
diameter, placed with a space 10 in. wide between them. The 
plates are 4 in. thick, and the pressure of steam at which they 
are worked is 40 lb. The hot-air stoves are all fired by the waste 
gases, and with three furnaces in blast there will be a sufficient 
quantity of gas to fire all the stoves and boilers. 








InpraAn TextT1LE Manuractures.—By direction of the 
Secretary of State in Council for India a very large and no less 
valuable collection of samples of native textile manufactures 
has just been forwarded as a present to the Manchester Chamber 
of Commerce. Some idea of the copiousness of this collection 
can be formed when it is stated that it fills about 18 volumes of 
2 ft. in length by 14 ft. in breadth, and a thickness in proportion. 
These samples, which number upwards of 1000, have been pre- 
_ at the India Museum, under the supervision of Dr. Forbes 

atson, who has been engaged for some time past in reporting 
for the Government on the products of India. The specimens 
are in cotton, silk, satin, ok woollen, and the patterns are so 
classified as to represent nearly all the uses, from turbans to 
pare pantaloons, which such textiles may be required to serve. 

he first volume is entirely occupied with turban patterns 
These are of all qualities, from the common bleached cotton 





| fined between two felt wads, was compressed 


from the handloom of Bhurtpore to the finest texture from | 


mere. Samples in use among the higher classes in Scinde 
are given in great variety. One of the richest of these 
measures 234 yards in length by 13in. in width, and weighs 
only 1 lb. 20z.- There is a sample of stuff for the same head- 
gear made at Benares from English thread; this measures 


about the same as the one described, but weighs less by nearly | 


one-half. 
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FAIRBURN’S PEAT MACHINERY. 
To THe Eprror or ENGINEERING. 

Str,—In your impression of the 7th instant you made a com- 
ment on my patent for compressing and — coal, clay, 
and other substances, No. 3242, As you stated you fail to see 
the novelty of this machine, and consider it identical in principle 
with the machine used by the Derrylea Peat Works, I beg to call 
your attention to what I consider novel and original, and what 
constitutes the patent. 

The plates, taking their position singly or otherwise before the 
plunger at every stroke, are left in the tube, and may have, of 
course, any pattern or projections on one or both sides. 

What I claim in my patent is the application of these plates 
or dies, by the use of which bricks, ain, &c., can be formed 
and pressed to any given dimensions, and which cannot be ac- 
communes with any similar machine without the introduction 
of these plates or dies. : 

I am, Sir, your obedient Servant, 
45, Goswell-street, Old-street, Henry FArBurRn. 
London, E.C., September 10th, 1866. 

[Although Mr. Fairburn mentions the intercepting dies in his 
a that instrument is not so worded as to convey the 
idea that they constitute the special improvement claimed. We 
had carefully read the specification, and have now re-read it, 
and, with the exception of the intercepting plates, which are, no 
doubt, of importance, the remainder of the machine appears to 
be almost identical with that at Derrylea.—Ep. E. ] 











METALLURGY AND CHEMISTRY.—The Exhibitions to 
the Royal School of Mines, Jermyn-atreet, and the Government 
School of Science, Dublin, consisting of 501. a year for three 
years and free admission to the respective schools, which are 
awarded by the Science and Art Department after the May 
science examinations, have this year awarded as follows: 
Those to the Royal School of Mines to, German Green, aged 14, 
monitor at the Lower Islington Public School, and Frederick J. 
M. Page, aged 17, son of a carriage-builder, London. Those to 
the Government School of Science have been gained by Charles 
G. Stewart, aged 16, chemist, Camden-town, London; Jobn 
McAllan, aged 22, chemist’s assistant, Dublin; and Stewart 
poor ga jun., student of the Royal College of Chemistry, 
London. 

WeEDGING oF GASES WHEN ConFrnED.—In remarking on 
the experiments made in England with guns, or rather steel 
tubes open at each end, we said, in our issue of June 28rd, that 


we could account for the velocity y= to the projectile onl 
on the hypothesis that the air in the rear of the of fa con 


its particles from the spherical to the cone-like form, and thus 
acting as wedges, producing a transverse strain upon the walls 


of the tube, and forming, at the instant of di a dia- 
phragm of resistance, acting as a solid breech. — Scienti 
American. _ explanation in i" first appeared in Ex- 


CINEERING, May 11th last.—Ep. 

Tue Wixp.—The registered velocity of the wind at Green- 
wich -has never exceeded 800 miles in twenty-four hours; but 
higher speeds have been registered at Liverpool. 





THE STEAM FIRE-ENGINES AT BRADFORD. 


To THE Eprror oF ENGINEERING. 


Srr,—We should not trouble you but for some misstatements 
and inaccuracies with regard to our steam fire-engines, ad- 
vanced, doubtless unintentionally, by a Mr. Hague, of Bradford, 
in your last week’s impression. 

As Mr. Hague can know but little of the construction of our 
engines, he has probably acted on wrong information. His 
description of the valve-motion we use, and of our method of 
cushioning the piston, is incorrect ; for he describes fixed as loose 
levers, and steam as admitted to the cylinders when it is not. 
We would suggest that he should make an engine with valve 
motion such as he describes, and watch the results. In one 
instance he uses these words: ‘To take up the ‘ inertia’ of the 
“ piston.” Should this not be “‘momentum” or vis viva? The 
“ instantaneous blow” so lucidly described ‘our corre- 
spondent is the continuous movement of a ta we may 80 
call ne ee a space of about 4in., whilst the piston is travel- 

in. 
ir. Hague’s calculations would show that our cylinders have 
much larger capacities than those used by our competitors, but 
he omits to state that our proportions of area of steam to pump 


cylinders are nearly as 2 to 1 (for the that, when 
pumping through a long line of hose, a pal ws vadh pressure 
should be got with a moderate steam pressure), and, as a matter 


of course, the pressure in the cylinders is considerably 
that in the boiler. This, coupled with the fact that our engine 


was throwing the largest quantity of water to the 
height, and that the competing engine was being worked at a 
trial speed very much in excess of that used in ice, and far 


’ 
above that named in your correspondent’s letter, shows that he 
has based his calculations upon wrong data. 

There is a very strong bias evinced in the last paragraph. 
Had your correspondent seen our single-cylinder engine w 
at Saltaire, a week or two previous, against a high shaft, he 
would have found that the jet of water was delivered in a com- 

t column to a height of 170 ft., eliciting laudatory remarks 
rom several engineers who were present, and saved himself from 
writing so absurdly about “ balls” of water. fi 

Your correspondent has omitted to mention the perfect steadi- 
ness (very noticeable by comparison) of our engine and its 
suction-hose. 

Our object has always been to produce a steady-working, 
simple, and trustworthy machine, not liable to get out of order, 
having a moderate speed of piston, with, for the sake of the 
pump, as few changes of stroke as possible. 

Not wishing uselessly to further occupy your valuable space, 
and thanking you for your usual co ’ ; 

We are, Sir, yours obediently, 
MERRYWEATHER AND SONS. 
68, Long-acre, W.C., September 12th, 1866. 





Tue ATLANTIC TELEGRAPH ComPpaNny.—A meeting of tho 
pe meg cone is = — for a ay hoe to and 
steps towards raising 1,200 to to the Anglo- 
Amecisen Telagagh Company fh the release of the no 
held by that company. It is to issue additional pre- 
ferential capital to this amoun 
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PROGRESS OF INDIA—1864-65. 

Tue first of a series of annual statements showing 
the moral and material progress of India has recently 
been printed by order of Parliament. It consists of 
copious abstracts from the Administration Reports of 
the several local Governments and administrations, and 
presents, in a readable size, all the principal informa- 
tion contained in those papers. The annual publica- 
tion of similar statements will tend greatly to mcrease 
the knowledge in this country of matters relating to 
India, and if in future it could be found possible to 
present them at an earlier date, so that the infor- 
mation contained in them should not be fifteen months 
old, so much the better, as they would then, in most 
cases, be read with greater interest, and in conse- 

uence, probably, become more eagerly sought after. 

he statement presented this session consists of 
eighty-six pages of letter-press, of the usual size of 
all parliamentary papers, from which the following in- 
formation has been extracted as being most likely to 
prove of interest to those readers of ENGINEERING 
who would not care to take the trouble of reading 
through the entire paper. 

Revenue.—By far the most important source to 
which rulers in India have, in all ages, looked for 
obtaining their income is the land, the revenue from 
which. in the year before the mutiny, furnished more 
than one-half of the total receipts of the East India 
Company’s treasury; and even now, when the neces- 
sities of the Indian empire have rendered it com- 
yulsory to resort more largely to the aid of duties 
levied on the continually increasing trade of the 
country, no less a sum than 20,087,728/. out of a total 
income of 45,652,897/. is derived from the land revenue. 
In his evidence before a select committee of the House 
of Commons, in 1831, Mr. James Mill, the well- 
known author of the “ History of British India,” spoke 
very strongly of the advantage accruing to the country 
from the circumstance that so large a portion ofthe 
revenue was derived from the rent of land, which had 
always been considered the property of the Govern- 
ment. “As far as this source goes,” he added, “ the 
people of the country remain untaxed. The wants of 
Government are supplied without any drain either 
upon the produce of any man’s labour or the produce of 
any man’s capital.” The right of the State in the soil 
had been previously maintained by the Government of 
Lord Cornwallis, which, in the preamble to Regula- 
tion xix. of 1793, stated that, by the ancient law of the 
country, the ruling power is entitled to a certain 
proportion of the produce of every acre of land, either 
in money or kind, according to local custom, unless 
it transfers its right thereto for a term or in per- 
petuity, or limits the public demand upon the whole 
of the land belonging to an individual, leaving him to 
appropriate to his own use the difference between that 
limit and the full value of the produce which the land 
may yield, 

Forests.—The conservancy of the forests, although 
attended to in some parts of India, has not in all cases 
been treated with the care which it deserves; but, 
during the year 1864, the Government laid the founda- 
tion of an improved system of forest administration for 
all India, having for its object the careful conservation 
of the forests belonging to the State, and the proper 
development of that part of the resources of the country. 
The executive management of all forest: business was, 
as before, left to the local administrations, and general 
principles were laid down for their guidance, the most 
important being that all Government forests were to 
be strictly set apart and made inalienable, and their 
boundaries marked out, to distinguish them from waste 
lands available for the public. An Act was passed by 
the Government of India (No. vii. of 1865) defining 
the nature of the rules to be made by the several local 
Governments, and imposing penalties in case of a 
breach of those rules. The gross revenue derived from 
forests throughout India was, in 1863-64, 304,4432., 
and, in 1864-65, 351,757/.; and if the cost of conser- 
vaney be deducted, the net revenue is found to have 
risen from 113,949/. in 1863-64 to 140,820/. in 
1864-65. 

Finance.—In the year 1856-5, the total expendi- 
ture of the East India Company, including the interest 
guaranteed on the paid-up capital of the various Indian 
railway companies, exceeded the revenues and _ re- 
ceipts of the year by 474,208/7. The enormous cost of 
the military operations in the two following years pro- 
duced a deticit in the finances of India, which amounted, 
in those two years and in 1859-60 respectively, to 
8,390,642/., 14,187,617/., and 10,769,861/. The ces- 
sation of the war and consequent reduction of the army 
resulted in the conversion of the large deficit in former 
years into a surplus, in 1862-63, of no less than 





1,827,346/. In the following year the surplus amounted 
to 78,347/.; but in 1864-65 there was a deficit of 
193,521/., notwithstanding the revenue rose from 
44,613,032/. in 1863-64 to 45,652,897/. in 1864-65, 
showing an increase of 1,039,865/. within the year ; 
this increase of receipts was, however, more than 
counterbalanced by an addition of 1,311,733. to the 
charges, which amounted, in 1863-64, to 44,534,685/., 
and, in 1864-65, to 45,846,418/. 

The amount of the public debt of India, including 
that incurred in this country, was, on the 30th April, 
1857, 54,490,793. In the course of the next five 
years the debt was very largely increased, and, on the 
30th April, 1862, it had risen to 98,779,911/. Since 
that time, the Government have been’ enabled to pay 
off some portion of it, and, at the date of the last 
accounts received from India, the principal. sum had 
been reduced to 92,811,793/. 

Passing over all the detailed statements contained 
in Chapters I. and IL, relating to revenue and 
finance, we now pass on to Chapter IIT., relating to 
public works, with which our present article is more 
particularly concerned. This chapter is divided into 
thirteen heads, under which the several descriptions of 
public works are fully treated ; it comprises altogether 
sixteen pages of the statement, from which the following 
abstract has been made. 

Railiweays.—In the year 1845 two private associa- 
tions, termed the East Indian and the Great Indian 
Peninsula Railway Companies, were formed for the 
purpose of constructing lines of railroad in India; but 
the projectors found it impossible to raise the necessary 
funds for their proposed schemes without the assistance 
of the Government. It was, therefore, determined by 
the East India Company to guarantee to the railway 
companies, for a term of 99 years, a certain rate of 
interest upon the capital subscribed for their under- 
takings ; and in order to guard its own interests, and 
provide against the evil effects of failure on the part of 
the companies, power was reserved to the Govern- 
ment to supervise and control all their proceedings by 
means of an official director in England, and of officers 
appointed for the pugpose in India. The land required 
for the railway ml works connected therewith, is given 
by the Government, free of expense ; and the stipu- 
lated rate of interest is guaranteed to the shareholders 
in every case, except that of the traffic receipts of a 
line being insufficient to cover the working expenses, 
in which event the deficiency is chargeable against the 
guaranteed interest. Should the net receipts, on the 
other hand, be in excess of the sum required to pay 
the amount guaranteed, the surplus will be divided in 
equal parts between the Government and the share- 
holders, until the charge to the Government for interest 
in previous years, with simple interest thereon, shall 
have been repaid, after which time the whole of the 
receipts will be distributed among the shareholders. 
‘The railway companies have the power of surrendermg 
their works, after any portion of the line has been 
opened for three months, and of receiving from the 
Government the money expended on the undertaking ; 
and, on the other hand, the Government have the 
power, at the expiration of a period of 25 or 50 years 
from the date of the contracts, of purchasing the rail- 
way at the mean value of the shares for the three pre- 
vious years, or of paying a proportionate annuity until 
the end of the 99 years, when the land and works will 
revert to the Government, unless the railway com- 
panies have previously exercised their powers of sur- 
render. As arule, the roads are constructed, in the 
first instance, for a single line of rails, the bridges, 
tunnels, and cuttings being made suitable for a second 
line. The gauge in all cases is 5 ft. 6 in. 

The guaranteed Indian railway companies consist of 
the East Indian, the Great\Indian Peninsula, the Madras, 
the Bombay, ‘Baroda, and Central India, the Sind, 
the Punjab, the Delhi, the Eastern Bengal, the Calcutta 
and South Eastern, and the Great Southern of India. 
The length of rail in course of construction by these 
companies is 4944 miles, of which 2519 miles were in 
working order on the 1st of January, 1864. Between 
that date and the end of the official year 1864-65 
667 miles were completed; making the total length 
open on the lst of May, 1865, 3186 miles, a distance 
which was increased to 3332 miles by the end of the 
year 1865-66. These figures, however, do not ad- 
equately represent the full benefit which has resulted 
from the progress recently made, inasmuch as the 
completion of one portion of 10 miles over the Thull 
Ghaut, and another of 121 miles between Bombay and 
Bulsar, has brought into full operation the Great 
Indian Peninsula and the Bombay and Baroda lines, 
for a distance of 352 and 306 miles respectively, while 


Calcutta and Delhi, which in distance are 1020 miles 
apart, A very useful branch has also been opened on 
the Madras Railway, by which the important military 
station of Bangalore and the salubrious climate of 
Mysore have been put within eight hours’ journey of 
the town of Madras. So great was the traffic which 
the completion of these sections threw upon the rail- 
ways, that the locomotive power was strained to the 
utmost, and there appears to be every probability that, 
in some cases, the amount of guaranteed interest will 
be.exéeeded by the earnings of the line, even before 
the whole of the capital expended can be turned to 
profit. The capital estimated to be required for the 
several undertakings which have been sanctioned is 
81,000,000#.; of this sum, authority has been given 
for raising 72,424,000/. The amount raised, up 
to'S0th of April, 1866, was 60,860,000. (of which 
only 754,231/. was subscribed in India). The sum 
advanced by the Government for expenditure was 
60,645,0007., of which rather more than one-third 
was for charges incurred in England. The amount 
spent in the year 1864-65 was 3,806,044/., of which 
1,387,699/. was expended in England and 2,418,345/. 
in India. An unusually large outlay is anticipated in 
the ensuing year, owing to the vigorous efforts which 
are being made to complete the work on the lines in 
course of construction, and to the large supplies of 
locomotive engines and rolling stock required to equip 
the open lines. To the abeye sums must be added, as 
forming part of.the actual cost of the lines, the value 
of land which is purchased by the Government and 
given to the railway companies. This is estimated at 
about 300/., per, mile on an average, or, in all, includ- 
ing sites for, stations, 1,500,000/. There is also the 
loss by exchange, which is borne by Government, 
amounting in 1864-65 to 220,000/. Against this, how- 
ever, must be set a gain of about 90,000/. on the re- 
ceipts. In 1862-63 the net receipts from traffic on 
2151 miles of railway were 690,834/. In 1863-64 
2489 miles were open, and a revenue of 915,0777. was 
o' tained. The complete accounts for 1864-65 have 
not been received for all the lines, but, excluding the 
Bombay and Baroda Railway, the mean number of 
miles over which traffic passed was 2569, and the re- 
ceipts were 1,341,337/. The fares charged to passen- 
gers vary on the several lines from 13d. to 24d. per 
mile for the first class, 3d. to 1d. for the second, and 
4d. to $d. for the third and fourth. The rate of charge 
on goods varies, according to the class of the articles, 
from 1d. to 7d. per ton. The number of passengers 
conveyed by the several railways during the year was 
11,781,683, more than 94 per cent. of whom travelled 
in the third-class carriages. 

Two railway companies have been formed for the 
purpose of constructing light lines of railway without 
the assistance of a preliminary guarantee from the 
Government. The Indian Branch Railway Company, 
in 1863, laid down a line, about 27 miles in length, 
with a gauge of 4 ft., from Nulhattee, a station on the 
Fast Indian Railway, 144 miles from Calcutta, to 
Azimgunge, opposite to Moorshedabad ; it was opened 
on the 21st of December, and traffic was carried on 
throughout the following year, though not to so great 
an extent as was anticipated. They have also obtained 
a concession of an important system of railway com- 
munication in Oude and Rohilcund, and considerable 
progress has been made on the section between 
Cawnpore and Lucknow, which it was hoped might be 
opened in the summer of 1866. In this case the 
gauge of 5 ft. 6in. has been adopted as on the main 
line. In the south of India a branch line has been 
constructed by the Indian Tramway Company, from 
the Arconum junction, on the Madras Railway, to 
Conjeveram. ‘This line, which is 19 miles in length, 
was opened on the Ist of August, 1865. Light rails 
are employed, with a gauge of 3ft. Gin. In these 
cases the land is provided by the Government, free of 
cost, for a term of 99 years ; and on the completion of 
the works, the Government will grant a subsidy, which 
is in no instance to exceed 100/. a mile per annum, for 
20 years, together with a special allowance for every 
bridge of which the estimated cost may be greater 
than 10,0007. 


(To be continued.) 








Frencn Raitway Accipents.—A'train ran off the Orleans 
line last week, and eight persons were killed or fatally injured 
while twenty others were more or less hurt. A collision also 
— on the Northern line, whereby sixteen passengers were 
injured. 

WATER For SALE.—The South Essex Waterworks Company 
are advertising for sale “ several million gallons per day” of pure 
spring water, which is offered to boards of health, water com- 
panies, manufactures, and for shipment. Wedo not know what 
may be the price. The metropolitan companies supply water 





the recent opening of the Allababad bridge has put 
within 37 hours’ journey of each other two cities, 





from their mains, to large consumers, at about 1}d. per ton, or 
Gd. per 1000 gallons. ’ ’ 
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LOCOMOTIVE ENGINES. 

Tue extent and variety of the contriving power 
which has been directed upon the locomotive engine, 
ever since engineers were content to regard it as a 
practically perfect machine, are hardly surpassed in 
any other direction of inventive effort. Since the 
adoption, however, of the link motion, now many years 
ago, we incline to the belief that the real improvement 
that has been made has been rather in the quality of 
the materials and workmanship of locomotives than in 
those features of plan and construction which involve 
broad principles of science, or even of the science of 
mechanics. It is, at any rate, to details that successful 
locomotive makers and railway locomotive superin- 
tendents now direct their chief attention in their at- 
tempts at improvement. In respect of these, an im- 
provement which promises good results is that of roll- 
ing boiler-rings entire, so that there shall be no longi- 
tudinal seams, rivetted or otherwise, in the barrels of 
locomotive boilers. Mr. Howell, of Messrs. Short- 
ridge and Howell, Sheflield, exhibited, in the Interna- 
tional Exhibition of 1862, homogeneous metal tubes 
3 {t. in diameter, and were these only one-third larger, 
they would have answered for locomotive boilers. The 
idea of forming. boiler-rings without seam or joint has 
been for a long time entertained, and it has been 
patented at least three times, if not oftener. Mr. 
Ramsbottom, of Crewe, patented it some months ago ; 
but we have had letters from Mr. W. B. Longridge, of 
the Alderwasley Ironworks, stating that he was still 
earlier in the field. We have no interest in the question 
of priority, and we have mentioned Mr. Ramsbottom’s 
name only to,show that the improvement is being taken 
up by one of our first locomotive engineers. Should 
he roll out and use steel or iron boiler-rings, we may 
count upon a considerable direct gain in the strength 
of boilers, and, probably, upon the disappearance of 
that somewhat mysterious malady, “ furrowmg,” which 
generally appears to be localised in the near neighbour- 
hood of a seam of rivets, 

Mr. John Oliver York, Mr. M‘Connell, and others 
sought, years ago, to produce a good hollow axle. 
We will not say why their various makes of axles have 
not yet come into use, but we believe that the employ- 
ment of. cast steel, combined with Deakin and John- 
son’s punching process, will give us the best hollow 
axles yet produced, and at a moderate price. Messrs. 
John Brown and Co., of Sheffield, are arranging to 
punch tubes by this process for the construction of 
ordnance, and it is probable that they will also be 
adapted to railway lien. although we believe the pro- 
cess does not admit of altering the form of the hole 
through the tube to correspond to the varying outline 
of the axle. 

We think the question of balanced valves must soon 
be settled, and that no locomotive will be made with- 
out them. Few of our engineers have an idea of the 
extent to which Bristol’s rollers are used under the 
faces of locomotive slide valves in the States, and 
Messrs. Daglish, of St. Helen’s, are introducing them 
here, although not very extensively. They diminish 
friction to a very considerable extent, and are well 
spoken of by those who, to our own knowledge, have 
used them for the last five or six years. Mr. Thomas 
Adams’s balanced slide valve is doing well on the 
North London and on the Great North of Scotland 
Railways, and its principle certainly appears to be 
superior to that of any steam-packed valve yet in- 
troduced. The idea of taking off the pressure on the 
back of a valve by means of a ring having its outer 
edge working against the inner surlace of the cover of 
the slide-valve box is of course very old, and has been 
very extensively applied ; but Mr. Adams keeps up the 
ring to its seat, not by strong springs, but by the 
pressure of the steam itself. We may add that Mr. 
Charles T. Porter, of Manchester, the well-known 
peeien of the Allen engine, is bringing out an equili- 
brium valve, which promises to do well, and which we 
shall yet illustrate. 

Another improvement, which must, be believe, make 
way at last, is that of cushioning engine tyres upon a 
slightly elastic bearing. Mr. W. B. Adams has long 
endeavoured to effect this improvement upon English 
Stock, and he has published some excellent results, 
derived from working on the North London and the 
St. Helen’s Railways, but there appears to be great 
hesitation in adopting the spring-seated tyres gene- 
tally. Many engines, fitted with them, are now, how- 
ever, going abroad, and, to thoroughly test the ques- 
tion, Mr. J. A. Longridge, the engineer of the Caleutta 
and Souti-Eastern Railway, is having six engines of 
like pattern made at Messrs. Sharp, Stewart, and Co.’s, 
three of which will have their tyres put on in the usual 





way, while the others will have their tyres seated on 
Mr. Adams’s hoop-springs. In the States, Mr. G. 8. 
Griggs, of the Boston and Providence Railway, has 
now, for the last nine years, seated his tyres upon hard 
wooden blocks, fitted in recesses in the rim of the 
driving wheels; and while we are ourselves aware that 
this mode of seating tyres has been practised to a con- 
siderable extent in the States, we are frequently hear- 
ing from there of the excellence of the results. It ap- 
pears that Mr. Griggs ran his express engines of from 
20 to 24 tons weight, all last winter, over a line often 
frost-bound to almost the hardness of rock, with iron 
tyres sometimes no thicker than lin. to 1} in., and yet 
that none of the tyres were broken. They were put on 
without shrink, which is in itself an important consi- 
deration. 

It would be interesting to know, with something 
like exactness, the cost per ton of engine weight moved 
in passenger trains. The weight of the engine, even 
irrespective of the weight of its load, affects not only 
the consumption of fuel, oil, and tallow, but the cost 
also of the repairs of both the engine and the way. 
And taking into account the heavy weights upon loco- 
motive driving-wheels, it is only reasonable to suppose 
that an additional weight of one ton involves‘a greater 
cost of movement in the case of an engine than in that 
of a carriage. We really have no exact data, and we 
much doubt whether exact data exist, for determining 
the cost of moving engines per ton of their weight, but 
it is probably at least 3d. per mile, and is more likely 
to be more than less. At the same time, we must re- 
collect that the cost of engine repairs is by no means 
in proportion to the weight of the engine, even in 
engines of the same general plan, age, and workman- 
ship, for the greater portion of the wear is in any case 
due to the load drawn, and to diminish the weight of 
an engine by, say, one-tenth, would not necessarily 
lessen the cost of repairs in the same proportion 
unless the load was also diminished to that ex- 
tent. But a saving of even 4d. per mile, by an 
engine runing, say 30,000 miles per annum, would 
amount to upwards of 80/. per @mum, and to 
effect such a saving would even justify an outlay of 
capital of at least ten times that sum, if not more. 
There is another view of the cost of moving engine 
weights per ton, which is even opposed to an extreme 
saving of fuel, so long as economy of fuel depends 
-— a liberal allowance of heating surface. If to 
obtain an additional evaporation of water, equal to a 
saving of 3d. per mile in fuel, the boiler were 
lengthened and enlarged so as to weigh one ton more, 
the saving in fuel would, upon the estimate already 
taken, be lost in the additional cost of moving the 
engine. We once knew a condition to be inserted in 
the contract for certain express engines to the follow- 
ing effect: For every pound saved in the total weight 
of the engine which was to be guaranteed to perform 
a certain service, and not to exceed a certain cost for 
repairs, one shilling was to be added to the contract 
price. Where the saving was in the wheels, axles, 
and tyres, however, in short in that part of the engine 
not hung upon the springs, this allowance was to be 
increased to two shilllngs per pound; and where the 
saving was in the main reciprocating parts only, 
including the pistons and parts connected with them, 
the allowance was to be four shillings per pound. ‘The 
engines were built, and, as we know, worked well ; but 
they had wrought-iron pistons, hollow piston-rods, 
and channelled connecting-rods of I section, and the 
weights of these parts were carefully allowed for in 
the counterweights in the driving wheels. 

If we go into principles, we believe that no compe- 
petent locomotive engineer will deny that all weight 
in a passenger engine beyond that necessary for, and 
actually available for, adhesion is carried at a loss, 
and is, indeed, in excess of what the true principles 
of the engine requires. It is contrary, also, to true 
principles to work nearly one-third of the whole 
weight of the engine unsupported by springs, as is 
now the case with the wheels, tyres, counterweights, 
axles, axle-boxes, coupling-rods, eccentrics, and the 
principal portion of the weight of the connecting-rods 
and eccentric rods. We could suggest sweeping re- 
medies for both these defects, but we think it more 
likely to lead to their correction to merely point them 
out, as locomotive builders and locomotive superin- 
tendents are far more likely to introduce and work 
plans of their own than those which are cut and dried 
for them by others, and for which they can claim no 
special credit for themselves. ‘Twenty-five years ago 
it would no doubt have been said that the then working 
pressure, 50 lb. per square inch, was the highest that 
could be safely inaintained. The same might have 
been said fifteen years ago of 100 lb., and the present 





maximum pressure of 160 lb. is probably beyond what 
many enginecrs consider safe. Complaints have 
already been made that very high steam burns out 
the packings, but we do not believe any obstacle will 
be allowed to remain permanently in the way of the 
attempt to employ still higher pressures, say 200 lb. 
to 250 lb. Such pressures are really practicable, and 
have been often employed with success ; and although 
it is a long stride from 150 1b. to 2501b., they will, we 
have no doubt, be ultimately adopted in locomotive 
sractice. When they are, it is a question whetli 
Kigh and low pressure cylinders will not be resorted to. 
Mr. E. By Allen informed our readers, some ti 
since, that his eompound - cylinder system was bein; 
worked .out “for locomotive engines on one of thic 
Belgian railways. There are, of course, other modes 
of applying the principle than his, and’ it would even 
be possible to work separate driving axles instead of 
coupling them by rods, the one by a pair of high- 
pressure and the other by a pair of low-pressure 
cylinders, but, as the exact equality of the diameters 
of the wheels could not be depended upon, separatc 
valve gear, and thus an intermediate reservoir (stil! 
better, a superheater), would be necessary. The: 
is nothing unlikely in ‘this mode of working ver 
high-pressure steam, when very high pressures are 
adopted, and, besides the economy resulting from 
increased expansion, this mode of driving two 
of wheels spaced 16 ft. apart would be preferable io 
coupling them by rods. It is sufficient now to throw 
out the general idea, and we may safely leave to the 
time when such innovations are acceptable the further 
details for working them out. 








. THE SAN PAULO RAILWAY INCLINES. 

Tue four inclines of the San Paulo Railway, of which a full 
description, with illustrations of the engines, were given in 
ENGINEERING of February 2, vol. i. page 72, are now at 
work. 

Mr. Brunlees, the engineer-in-chief of this company, states 
in his report that he arrived in Santos on the 7th of July last, 
and proceeded to San Paulo the same day. After occupying 
several days in examining the works, he found that generally 
they were in an advanced state. On the 5th of August there 
remained but 600 lineal yards of permanent way to be laid, and 
the contractors assured him that by the 8th of August, the day 
he sailed from Rio, the whole would be completed. All the sta- 
tions were placed on good cross-country roads giving access to 
the line, but, excepting at Rio Grande and St. Paulo, which 
would be good intermediate feeders, the bulk of the traflic 
would come on at Jundiahy, and hence it would pass over 
the whole length of the line. Dr. Passos, the fiscal engineer, 
accompanied him over the line, satisfactorily tested the 
bridges, and made a list of the works required to be done, 
distinguishing those indispensable to the opening from 
those which should be completed during the twelve months’ 
maintenance by the contractors. This list was signed 
by Dr. Passos, and himself, and a copy was sent to the 
contractors. He had no doubt that all the works necessary 
for the opening of the line were now fulfilled, and that the 
line was either opened, or would be so during the present 
month of September, Assome doubts had been expressed as to 
the capacity and safety of the inclines, the time to be occupied on 
each incline would be 15 minutes, or an hour for making the 
ascent of the four inclines. Eighty tons of goods could be 
taken up each hour, and the same weight let down. Hence 
during each day of 12 hours 1000 tons could be passed over 
each way, but by working the engines at their full power 
the above weight could be doubled. A special rail had been 
laid on the inclines for the purpose of using a clip break. 
He had the opportunity of testing one of those breaks, and, 
though the weight employed was one-third more than the 
clips would ever have to pull up in case of an accident to the 
rope, still, out of many trials made at speeds varying 
from 6 to 10 miles an hour, there was no difficulty in 
coming to a dead stop in a few yards. Independently of this 
provision, the wire ropes were of good quality, and able to 
bear a strain of 10 times that of the working strain. The con- 
tractors had frequently run their trains with materials up the 
ascent in 85 minutes; but no driver was to run his engine at 
more than 18 revolutions per minute, so as to make the ascent 
or descent in an hour; and when it was considered that the 
perpendicular height of 2572 ft. was overcome in that time, 
there could be but little ground of complaint. The works 
generally were well and substantially executed, the masonry in 
the tunnel and bridges was abundantly strong, and the iron- 
work in the bridges and viaducts was of good quality and well 
put together. He was satisfied, from seeing the railway near 
Rio, which had been made ten years, that iron was the very 
best material that he could have used for sleepers. The engines 
and other rolling stock were of excellent manufacture, and well 
adapted both to the traffic and the climate. The inclines were 
now working admirably, and he was satisfied that they possessed 
ample capacity for the traffic, that they were economical, and 
that they could be worked with perfect safety. 








Tue Civi, AND Meonanicat Encinuers’ Sociery.—By 
the kind permission of Mr. W. H. Barlow, arrangements have 
been made for the members of the above society to inspect to- 
morrow (Saturday) the works connected with the extension of 
the Midland ‘Railway to the metropolis. ‘The members will 
meet at 2.15 P.M., at the Euston-road entrance to tle works, 
and the new terminus will be first visited. 
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STEAM DREDGING MACHINE, GRAND CANAL, AMSTERDAM. 


CONSTRUCTED BY MESSRS. WILLIAM SIMONS AND CO., LONDON WORKS, RENFREW. 
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STEAM DREDGER. 


WE give, on the opposite page, engravings showing one of a 
couple 2 steam decodes eoutranted by Messrs. William Simons 
and Co., of the London Works, Renfrew, for Messrs. Henry Lee 
and Sons, of London. These dredgers, which were made for 
use on the Grand Canal works, Amsterdam, were towed from 
the Clyde to their destination, and behaved well during their 
rough voyage, the bucket chains being taken off and stowed in the 
holds, to put the vessels in better sea-going trim; they were each 
fitted with a rudder, and were towed by a steel rope. On the 
voyage the tug steamers, by which the credgers were towed, 
had to put into Milford Haven for coal, leaving the dredgers at 

or. 

we our illustrations, Fig. 1 is a side elevation, Fig. 2 a deck 

lan, Fig. 3 a bow view, and Fig. 4 a stern view of one of the 
J edger, and the principal dimensions are as follows: The hull, 
which is of iron, is 120 ft. long by 25 ft. beam by 10 ft. deep, 
and it draws, when in working trim, 5 ft. lin. of water. The 
bucket well is 72 ft. long by 5 ft. 4 in. in width, and its centre is 
slightly out of the centre line of the vessel, being somewhat 
nearer the starboard side. On each side of the after end of the 
bucket well is placed a strong wrought-iron frame, supportin 
the tumbler-shaft, &c. ‘The tumbler-shaft carries at one en 
a large bevel wheel, and this is driven by a bevel pinion, placed 
at the upper end of an upright shaft, this pinion being connected 
to its shaft by a friction coupling, so that it slips if too great a 
strain is brought upon the dredging machinery. The upright 
shaft also carries at its lower end another bevel wheel, which 
receives the motion from a bevel wheel fixed upon the crank- 
shaft of the engine, by which the dredging machinery is driven. 

The engine provided for the purpose is a horizontal one, with 
acylinder 36 in. in diameter and 36 in. stroke, and it makes, when 
the dredger is working in favourable ground, thirty-four revolu- 
tions per minute. In addition to working the dredging machinery, 

this engine, which is placed on the starboard side of the vessel, 
also drives, by friction gearing, the drum to which the chain for 
raising or lowering the lower end of the bucket frame is led. 
This barrel is situated near the stern of the vessel, and its gear- 
ing receives its motion from the engine through a long shaft 
and a pair of bevel wheels, the shaft being supported by 
brackets from the floor of the vessel. _ 

The bucket ladder is formed by a pair of wrought-iron plate- 
girders, about 71 ft. long between the centre of the tumbler 
shafts, and 4 ft. deep in the centre of their length. They are 
bound together ‘ cross ties, and are arranged to dredge in 
27 ft. water, the lower end of the ladder being raised or lowered, 
and the depth of excavation consequently regulated, by a 
lifting chain which passes over a pair of four-sheave blocks, and 
is then led to the hoisting barrel already mentioned. The buckets 
are thirty-six in number, and each contains 7 cubic feet of material 
when filled. The bucket backs are of malleable cast iron with 
the links cast on. This plan of construction has been tried by 
Mr. Duncan, the Clyde engineer, and found to effect a decided 
saving of repairs, as the rivets which formerly secured the links 
to the backs worked loose, and required frequent renewals. 
Bucket backs and links made in one piece of malleable cast iron 
by Messrs. McHaflie and Co., of Glasgow, have also been 
applied by the Great Eastern Railway Company to some of 
their dredgers at Lowestoft harbour. In the dredgers which 
we are now describing the weight of each bucket and its links 
is about 12 cwt. 

The forward motion of the dredger is obtained by means of a 
triple-geared windlass at the bows acting upon a bow-chain, 
1} in. in diameter, attached to an anchor ahead. The windlass 
is driven by the main engine, and the gearing is arranged so that 
it can be worked at three different speeds, according to the 
nature of the ground upon which the buckets are acting The 
stern motion is got by a double-geared steam winch on deck, 
acting upon the chain of an anchor placed astern. The chain 
barrels of both the bow and stern winches are fitted with steel 
whelps to prevent slipping. 

The dredgers are each capable of lifting, under favourable cir- 
cumstances, upwards of 2000 tons of gravel or sand per day, at 
a cost not exceeding jd. per ton; and when working in con- 
nexion with steam-hopper barges, as constructed by the same 
builders for the Clyde navigation, the total cost of raising and 
transporting the stuff fifteen miles does not exceed 34d. per ton. 
The machinery is well adapted for dredging out docks or har- 
bours, as, from its arrangement, the buckets can work as closely 
to the sides as required. Thus, when these dredgers were tested 
on the Clyde, they dredged the material from the bottom of the 
quay, and threw it upon the top, from which it was carted away 
without the intervention of punts. The arrangement of the 
shoot through which the stuff is delivered will be readily under- 
stood by reference to the illustration. ‘The powerful dredgers of 
which we have above given a description were constructed under 
the direction of Mr. S. T. Freeman, Messrs. Lee’s representative 
in Holland, where, since their arrival, they have been at work 
performing their duty most satisfactorily. On their arrival out 
they were closely inspected by the Prince of Orange and his 
suite. Our engravings of the dredgers have been prepared from 
drawings kindly supplied by Messrs. Simons and Co. 

We have mentioned above that Messrs. Simons and Co. con- 
structed some steam-hopper barges for the Clyde, and we may 
add here some of their principal dimensions. “Each barge car- 
ries about 300 tons of stuff, and the length is 133 ft. between 
apeieien, the beam being 23 ft. and the depth moulded 
10it.Gin. The draught of water with 300 tons of stuff on 
board is8 ft. The hopper into which the stuff is delivered from 
the shoots of the dredgers is placed amidships, and is about 
50 ft. long. It is furnished with drop doors at the bottom, 
these doors being held up by chains attached to them and led, 
over pulleys fixed to an arched beam which spans the hopper, to 
Suitable purchases. In emptying, the doors are released by 
withdrawing a catch or trigger, and the stuff then at once drops 
into the sea, when the doors are again closed and the barge re- 
turns for a fresh cargo. Each barge is propelled by a pair of 
direct-acting, inverted-cylinder screw engines sisal, with their 
boilers, abatt the hopper. The engines eve a pair of cylinders 
22 in. in diameter with a 1 ft. 9 in. stroke, and they drive a screw 
8 ft. in diameter with 12 ft. 6in. pitch. The speed of the barges 
when loaded is 9} knots. The captain’s cabin and the accom- 
modation for the crew are situated in the fore part of the vessel 
ahead of the hopper. 
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SHARP’S NUT-SHAPING MACHINE. 


Messrs. SHarp, Stewart, and Co., of Manchester, are 
now making some very complete sets of tools for screwing and 
finishing bolts and nuts, these sets including Sellers’s well-known 
screwing machines, a nut lathe for chamfering and facing nuts, 
and a machine for shaping nuts and the heads of bolts. Of 
the latter machine we now give a perspective view, and we in- 
tend next week to illustrate the other tools of the set. The 
machine shown in the accompanying engraving is a kind of 
double-slotting machine, it being capable of operating upon two 
nuts at one time. The bed is formed with a standard at the 
centre of its length, and at each end are slides upon which 
compound tables can be traversed by self-acting gear. The 
tables are furnished with dividing chucks, to which are 
fitted the bushes or mandrils for holding the bolts or nuts 
to be shaped. The central standard is forked, to ac- 
commodate the belt-pulleys, and is furnished on each side 
with slides for the rams. Each ram is worked by an excentric 
at the end of the main shaft, and is fitted with two tool- 
holders, suitable for ordi hook tools, these holders being 
adjustable transversely, so that the tools can be set to any de- 
sired distance apart to suit any size of nut or bolt-head. The 
machine is tended by a boy, and turns out capital work. We 
may mention that Messrs. Sharp, Stewart and Co. have adapted 
an ordinary 6in. slotting machine for shaping in a similar 
manner the large nuts for sugar-mills and marine engines, the 
nuts, however, being in this case placed horizontally. 








ARMOURED Suips.—The Warrior is undergoing a course of 
sanitary improvements. The main sewer pipes—generators of 
fever and diarrhoea among the crew during the late commis- 
sion—have been taken out of her, and scupper-holes for the 
discharge of the water from her decks have been cut through 
her armour-plating. Additional scuttles for ventilation and 
light have also been cut through the armour-plating. All the 
main bulkheads below, with the exception of the two plated 
with armour, have been cut through and water-tight doors 
fitted, and to make the ventilation of the ship below as perfect 
as possible the plated bulkheads should be thus treated. 


ENGINE-DRIVERS FOR InpIA.—The East Indian Railway 
Company are advertising for a few engine-drivers, who, upon a 
four years’ engagement, are to have their passage paid out and 
home, and wages as follows:—14/. per calendar month for the 
first year, and 16/., 182, and 20/., respectively, for the three 
following years. None over thirty years of age will be accepted, 
and applicants must have had at least four years’ experience as 
firemen and one as drivers. 
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Tue MANcHEsTER WATERWORKS.—“ Amicus,” understood 
to be Mr. William Fairbairn, gives the following particulars of 


the Manchester Waterworks, in a letter to the Zimes: “* Man- 
chester previous to 1851 was supplied by a company which 
obtained its water of about 34 millions of gallons daily partly 


from pumping, os from the drainage of highly manured 
agricultural land, an ly from a canal on which there was a 
considerable traffic. e supply was intermittent, and but for 


a few hours daily, and became so unsatisfactory eventually that 
a determined effort was made to place the question on a better 
footing. For this purpose three or four plans were brought 
before the public, and eventually that known as the ‘“ Wood- 
head scheme” was fixed upon, and which has produced the fol- 
lowing results: The water is perfectly pure and soft, being only 
a little over one degree of hardness; it is brought from a moun- 
tain range about twenty miles’ distance from Manchester, entire] 

away from building operations or manured land. The supply is 
constant and at high pressure, and, with the arrangements made 
in the streets by means of fire hydrants, the water is instantly 
thrown to the top of the highest building without the aid of a 
fire-engine, and enormous losses by fire are thereby prevented. 
The works belong to the ——- who supply the water 
within the city boundary, which contains six townships, at 9d. 
in the pound on the poor-rate assessment for all domestic pur- 

ses, and 3d. in the pound for _ purposes. The char, 

Fiyend the limits of the city is 5 per cent. on the rent for the 
domestic supply; such supply, both in and out of the city, in- 
cludes baths, horses and carriages (when not used for domestic 
purposes), and one water-closet without extra charge. The 
charge for the trading supply is the same both in and out of the 
city, and so successful has this become as a commercial specula- 
tion that the trading rental has increased from 8900/. per annum 
in 1851 to 58,6002 per annum in 1866. The cost has been 
about 960,000/. for new works, and 540,000/. for the purchase 
of the old company’s property, including the abolition of their 
monopoly. The works will eventually furnish 25,000,000 gallons 
of water daily for the use of the inhabitants, in addition to 
14,000,000 daily as compensation to millowners for water 


wer. 

Tas “O_p Kyire.”—With the immense work the steam- 
ship Himalaya has done under steam, her machinery has 
necessarily at various times undergone extensive repairs. The 
engines, in fact, may be said to have been renewed three times, 
and now, we believe, the only portion of her original machinery 
remaining in her is one piece of her screw shafting, 

Tue CLEVELAND Iron Trabde.—Alfter standing out for 
nearly two months, the blast-furnacemen of the Cleveland dis- 
trict are returniug to work at a reduction of 10 per cent. from 
their former wages. 
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THE WATERWORKS OF LONDON. 
No. I.—Tue East Lonpon Water Company. 
Tue eastern portion of the metropolis, north of the 

Thames, is supplied by the East London Water Com- 
pany, drawing its supply from the River Lea, at Tot- 
tenham Mills, hardly seven miles, in a direct line, from 
the outlet of the Lea into the Thames at Blackwall. 
The drainage area at this point is about 500 square 
miles, and the annual flow varies aceording to the 
season from 12,000 to 20,000 cubic feet per, minute, the 
minimum being about 5000 cubie feet per minute, or 
15,000,009 gallons daily. Of this quantity the works 
ler notice one-third, while Mr. 
teman estimates the company’s intake at 19 million 
daily. The number of inhabitants supplied in 
gust is given by the Registrar-General as 471,109. 
: company’sengineer gives a much higher number 
vbout 700,000, 

The Lea, like the Thames, brings down in solution 
the sewage of the towns above. The New River Com- 
pany engage to first deodorise, by lime, and then to 
filter the sewage of the town of Hertford, before it is 
discharged into the Lea. The sewage of Ware, how- 
ever, a little lower down, and below the intake of the 
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New River, flows direct into the Lea, as does that of 


smaller towns below Ware, as far as Enfield. The 
wage of Enfield, Edmonton, Hornsey, Tottenham, 
Clapton, and Hackney is intercepted by drains (dis- 
charging into the Lea below ‘Tottenham Mifls, and 
thus below the intake of the East London water. This 
water is first led into 70 acres of subsiding reservoirs, 
on the east or W althamstow side of the Lea, and is 
thence conducted by a straight open canal to Lea- 
bridge, 23 miles below. Here are the company’s 
filter-beds, thirteen in number, 19.7 ft. above Ordnance 
datum, and well above the tidal locks of the Lea, and 
covering an area of 12 acres. These beds are in two 
groups, on opposite sides of the Lea, which even here 
is a very narrow stream—say 60 ft. or 70 ft. wide—the 
two groups of filters being connected by pipes beneath 
its bed. The process ol filtration is carried out here 
with as much care as at any waterworks about London, 
and, so far as chemical analyses show, the water of the 
East London Company is fully equal to any other sup- 

ied to London, with the exception, perhaps, of the 
New River water, which possesses, bilsover, but a very 

glit superiority. 

These filter-beds rest upon 12 inches of clay puddle, 
over which is a flooring of concrete 12in. thick. 
Upon this are 12in. of coarse gravel, through which 
the channels for drawing off the water are laid. Over 
the gravel is 6in. of a mixed gravelly sand, known as 
over this 12 in. of sand from the neighbour- 
hood of London, and finally, at the top, 12 in. of fine sea 
sand. The whole depth of the filtering material is 
thus 3 ft. Gin., and over this the water stands 5 ft. 
deep, and 1 ft. below the edge of the brick curb. The 
beds are arranged as circular segments around a cen- 
tral well, from which the pumping engine draws. In 
the lower gravel of each bed a semicircular arched 
culvert is laid in brickwork from the centre radially 
out along the axis of the bed, and one or more 
branch culverts of the same form extend laterally to- 
wards the corners of the bed most distant from the 
well. From the sides of these culverts, narrow chan- 
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Wet 
els are formed throughout the bed of gravel, by 
parallel lines of bricks set on edge, with spaces be- 
tween their ends, and covered over by bricks laid flat 
| the top. By these means the water is drawn 
very uniformly over the whole surface of the 
filtering material. In a future article upon the Thames 
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companies, W 
a filter-bed of the best coastruction, which will illus- 
trate the subject more clearly. 

From the-filter beds the water is pumped, in part, 
direct over the north-eastern portion of the metropolis, 
while a further large quantity flows in an iron main to 
Old Ford, more than two miles below. Here it is 
received in covered reservoirs, 24 acres in extent, and 
10 ft. 6 in. deep, and pumped thence over the eastern 
end of London. 

Che chief interest of the Kast 
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London works centres 
and it was here that 
d by Mr. W icksteed, 


« 


Cornish pumping-engines, 
s first appl 
than a quarter of a century ago, to the pumping of 
for the supply of towns. ‘The rotative engines 
at Old Ford by Messrs. Boulton and Watt, 
in 1807, are still in working order, but they have long 
stood unused. ; 
The Cornish engines at Old Ford are, one of 72 in. 
eylinder, working to an average stroke of 9 ft. 74 in.. 
of SO in. cylinder with a stroke of 9 ft. 9in., and 
one of 90 in. cylinder with an average stroke of 10 ft. 
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orlush engine wa 


put aown 


e shall hope to give a plan and section of 
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7in. ‘The larger and newer engine at Lea-bridge has 
a 100 in. cylinder and 11 ft. stroke. We believe that 
the company has lately put down some additional 
engine power, but the engines already mentioned will 
alone require description. They were designed, as we 
need hardly say, to work with the utmost practicable 
economy, and the 90in. cylinder or ‘‘ Wicksteed” 
engine is reported to have attained a duty of 93 million 
pourds lifted one foot by the consumption of 112 lb. 
of Welsh coal, while the average of all the engines is 
given by the engineer as 84 millions. There is a large 
extent of boiler-room, and the rate of combustion is 
very slow. The steam cylinders are jacketted, and 
the jacket is furthermore surrounded by a covering 
12in. in thickness of fine ashes. The boilers have 3 ft. 
of ashes over them, and the steam-pipe is protected by 
thick lagging. The steam is cut off at about one- 
fourth stroke, and expanded down to about 8$lb. 
below the atmosphere. With all these advantages, 
the working friction of the engines being also, from 
their construction, very moderate, and with the best 
coal, a duty corresponding to even less than 24 

coal per indicated or, say, 23 lb. per effective horse 
power, is not now remarkable, although, between 
twenty and thirty years ago, Mr. Wicksteed found but 
few who would agree with him even so far as that such 
a result was possible. 

The boilers carry from 30 to 35 lb. steam, and this 
pressure, corresponding to a temperature of from 
to 281°, is maintained in the steam jacket, 
from which the condensed steam, amounting to about 
sisth part, or nearly 4 per cent., of that used in the 
cylinder, flows back by gravitation into the boilers, 
which are set below the level of the engine. Not 
much more than 20 lb., however, reaches the piston, 
and the velocity of the latter is so great on the steam 
stroke, that the pressure falls off as rapidly as in a 
diagram from a locomotive cylinder when the engine 
is at full speed, and the cylinder pressure, at the point 
of cutting off, is but from 10 lb. to 141b. above the 
atmosphere. The whole load upon the pistons varies, 
in the different engines under notice, from 144 lb. to 
164 lb. per square inch. 

The boilers, of the ordinary single-flue Cornish 
pattern, employed in working the 80in., 90in., and 
100 in. engines, are as follows, and there is, in addition, 
one spare boiler to each engine : 
No. of AR 
Boiler. 
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Length. | 


ft. in. ft. in 
8104 | 279 


ft. in. 
6 5h 
6 6 4 0 


in. sq. ft. 
80 24 


90 34 0 
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an additional boiler being sometimes employed with 
the 100 in. engine; the grate area then being 116 
square feet. 

With a consumption of 431b. of Welsh coal or 
coke per square foot of grate per hour, these boilers 
evaporate 10 1b. of water per pound of fuel. In burn- 
ing fine slack coal, however, as is now done, the wet- 
ting amounting to } 1b. of water to 1 1b. of slack, an 
evaporation of from 8 lb. to 84 1b. of water is obtained, 
and thus, as is now pretty generally understood 
among water companies, brewers, and manufacturers, 
slack is every way preferable to large coal. The 
grates of the Kast London boilers have an air space 
amounting to from 4th to 3th only of their total area. 
Steam may be maintained in each boiler, when the 
engine is not working, by an expenditure of 1 ewt. of 
coal in the twenty-four hours, or, if steam is let into 
the cylinder jackets, with 2 ewt. of coal. The draught 
at the base of the chimney is from ,3, in. to 7; in. only 
of water, and the draught in the side flues from +5 in. 
to y4 un. only. Observations have shown that the tem- 
perature in the side flues has varied between 280° and 
115°, while that in the chimney, at 10 ft. below its top, 
varied from 260° to 318° only. The lower tempera- 
ture noted in the side tlue very nearly approaches that 
of the steam in the boiler. 

In the Cornish beam engine—and all those under 
notice have beams, the direct-acting Cornish varicty 
being known as the Bull engine—the steam is admitted 
upon the top of the piston, to throw up the loaded 
pum )-pole. rhe duty of the steam consists in lifting 
this load, which is so much dead weight, according to 
the quantity of water and the height to whieh it is to 
be forced, and it is the descent of this weight on the 
return stroke which forces the water from the pump. 
The steam stroke, in the case of the engines under 
notice, is performed in from 1 to 1} second, or at the 
rate of from 500 ft. to 600 fi. of piston per minute. 
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A vacuum is at the same time maintained upon the 
lower side of the piston. Upon its first admission, the 
pressure of the steam is greatly in excess of the resis- 
tance of the loaded pump-pole, which is thus thrown 
up, or shot up, with a sudden movement ; but as the 
pressure of the steam falls, first by wire-drawing, and 
afterwards by expansion on the closing of the steam- 
valve, the cylinder pressure becomes much less than 
the resistance of the pump-pole, which thus finishes 
its stroke by exhausted momentum, the cylinder being 
prolonged sufficiently below to permit of considerable 
variation of the stroke. No conditions, perhaps, 
could be more favourable to high expansion, yet as high 
expansion would require a still higher initial pressure 
of steam, thus giving increased velocity to the pump- 
pole, and thereby throwing increased work upon the 
steam piston to maintain the requisite suction of the 
pump (to say nothing of the increased strain on the 
engine), not more than a fourfold expansion is attempted. 

When the piston finishes its steam stroke, the equi- 
librium valve is opened, so that the steam remaining in 
the cylinder is thrown in equilibrium on both sides of 
the piston, and the piston is again raised as the loaded 
pole forces the water out of the pump. ‘This stroke 
occupies, according to the rate of working, from five 
to fourteen seconds ; but the interior of the cylinder, 
instead of being in communication with the condenser 
during this time, and thus exposed to a temperature 
of perhaps 100°, retains in equilibrium on both sides 
of the piston all the steam which it held at the termi- 
nation of the steam stroke, and as this steam has a 
total pressure of 5 lb. or 6 lb., and therefore a tempera- 
ture of from 162° to 170°, the cooling of the cylinder 
is somewhat less than it would be by the ordinary 
mode of exhausting the steam at the end of the stroke. 

As the pump-pole goes down in its case, in forcing 
out the water, the valve gear is adjusted to first close 
the equilibrium valve, and then to open first the ex- 
haust and then the steam valve, just in time to 
prevent the piston from striking the top cylinder 
cover, or rather to prevent the bumpers or catch 
pieces from striking the spring beams. This adjust- 
ment requires to be carefully made, both to prevent 
possible accidents to the engine, on the one hand, and 
to prevent a waste of steam between the piston and 
cylinder cover on the other. A range of a very few 
inches must be allowed, however, as when the engine 
increases its speed, the greater velocity of the loaded 
pole carries it further down into the pump before the 
motion can be arrested by closing the equilibrium 
valve, and thus cushioning the steam under the top 
cylinder cover. 

We shall have occasion to describe the adjustable 
cataract of the Cornish engine in connexion with 
drawings which we hope shortly to publish. It is by 
this that the speed of the engine is regulated by giving 
a greater or less time for the pumping or ‘“‘ outdoor” 
stroke. The usual speed is about eight double strokes 
per minute, but the speed is sometimes as low as four 
and at others as high as ten double strokes, varying 
according to the required supply of water. 

In the case of the East London engines, the pump- 
poles have, generally, the same stroke as the steam 
pistons, and are of exactly, or nearly, one-half the 
diameter of the pistons, so as to give a pump pressure 
nearly four times greater than the mean _piston-pres- 
sure, the resulting pressure of about 60 1b. in the pump, 
corresponding to the “ head” or hydrostatic column of 
about 140 ft., against which the engines work, this 
column being that afforded by a stand pipe erected near 
the engine. 

The Wicksteed 90 in. cylinder engine at Old Ford 
has a 44 in. pump-pole loaded with 36 tons, while the 
100 in. engine at Lea-bridge has a 50 in. pole loaded 
with 45 tons, these weights being those given to us by 
the engineers; but as these weights correspond to 
53 lb. and 51.3 lb. per square inch of the poles 
respectively, corresponding to heads respectively of 
122 and 118 ft., and as we presume that the pumps 
do ot work under any considerable amount of suction, 
ve think the weights must be somewhat understated. 
In aseries of trials by the engineer, he found that 
of the whole indicated power 94 per cent. only was 
absorbed in engine aud pump friction, while a further 
loss of duty amounting to 9% per cent. takes place in 
the pumps, so that, of the whole indicated power, 81 
per cent. is given out in effective work. Taking an 
evaporation of 10 1b. of water per pound of Welsh 
coal (and this rate has, as we have said, been maintained 
in regular work), the consumption per indicated horse- 
power has been found to be 2.11 Ib., and per effective 
horse power 2.65 Ib. 

The inlet valves of the larger engines are double- 
beat valves (Harvey’s patent), two storeys high; that 
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is, one double-beat valve above another. The lower 
valve weighs 1 ton, equal to 2lb. per square inch of 
lifting area; the upper valve weighs 16 cwt., giving 
the same load per inch to be overcome by the suction. 
The valves lift 34in., at which they give a total open- 
ing equal to twice the sectional area of the pump-pole. 
With the high velocity at which the steam stroke is 
made, the pump inlets require to be even larger. than 
they are. It requires too much suction to open the 
valves, and this throws additional work upon the, piston. 
The delivery valves consist of a conical series of ring 
valves closing on india-rubber faces. 

The cost of working these engines has been publicly 
given by the company’s engineer as 1s. per day .of 
twenty-four hours for each horse-power, including x 

airs and all expenses except interest, upon capit 

his was with fuel worth about lls, per ton, but it is 
doubtful whether the engines worked continuously for 
the entire twenty-four hours. The first cost of the 
large Cornish engines is very considerable, that at 
Lea-bridge, which is, we believe, a counterpart of the 
one erected by Harvey, of Hayle, at the Great Wheal 
Vor Mine, in so far, at least, as the indoor end of the 
engine is concerned, was understood to have cost the 
East London Company nearly 14,0007. Their engineer 
has publicly stated that the cost of such an engine, 
with six boilers, chimney, air-vessel, stand-pipe, and 
engine-house, the latter a massive and complete struc- 
ture, would be from 23,000/. to 24,000/., while the 
effective horse-power would be but about 250. Say 
what we may of the excellent wearing qualities of the 
Cornish engine and of its economy of fuel, it is a most 
expensive machine. 

The cost. of the East London Company’s works prior 
to 1852 was 745,781/., and it is estimated that half a 
million has been spent since, giving a total cost of, say, 
1,250,000/. os 

As a portion of the district supplied by the East 
London Company has this year been ravaged by 
cholera, a few words may be added as to the circum- 
stances under which the outbreak occurred. A con- 
siderable portion of the district was undrained, except 
by the river Lea, the works for placing it in communi- 
cation with the main drainage not having been com- 
pleted, as, indeed, they will not be until some time 
next year. Some weeks, however, after the appear- 
ance of cholera, viz., on the 24th ult., a temporary 
engine was set to work by the Metropolitan Board, to 
divert the discharge of sewage from the river Lea and 
Limehouse Cut into the northern outfall sewer, near 
Abbey Mills. How far the ravages made by cholera 
in the early part of August were due to defective 
drainage cannot, of course, be proved, although it may 
be conjectured. 

The East London water, so far as is shown by che- 
mical tests conducted by chemists who report to the 
Registrar-General, and who are, of course, indepen- 
dent of the’ water companies, is, if anything, slightly 
softer, and contains less organic impurity, than the 
average of the waters suppres to the metropolis. We 
are referring here to the filtered water; but unfiltered 
water can also be sent from Lea-bridge direct to the 
engine reservoirs at Old Ford. These covered reser- 
voirs are near the tidal mouth of the Lea, and at about 
the level of high water, and it has been questioned 
whether there is not some infiltration from the river, 
the contents of which are here of the foulest descrip- 
tion. There are, too, large open reservoirs at Old 
Ford, and these are known to have filled by soakage 
from the river after they had once been emptied. The 
contents of these reservoirs can also, “in cases of 
emergency,” be placed in direct communication with 
the engine wells. The chief question, and it is one 
which nothing but strict official inquiry could solve, 
is whether the company has at any time during this 
summer pumped foul instead of filtered water through 
its mains into London. It has the means of we, 
in a supply which would be poisonous almost beyon 
dispute. The Registrar-General’s reports have hinted 
that at least on one occasion this was done, and so far 
the East London Company have not publicly noticed 
this suggestion, nor have they offered any explanation 
of their precautions, if any, for ensuring a supply of 
filtered water under all cireumstances. 








THe ANEMOMETER AT GREENWICH OBSERVATORY.—The 
new anemometer at the Observatory, constructed by Mr. John 
Browning under the direction of Professor Airy, is a circular 
plate, with an area of two square feet, supported vertically upon 
eight springs. It has a directing vane which always keeps it 
facing the wind, and the deflection of the springs, according to 
the force of the wind, is registered, by means of suitable con- 
nexions, upon a flat sheet of paper on a table in a room below, 
this table being moved by clockwork. Pressures of from 2 oz. 
to 8 oz. up to 40 Ib. per square foot are registered. 





LIGHTHOUSE FOR CAPE CANAVERAL. 


_ WE give, on the following page, engravings showing an iron 
lighthouse designed by the American Lighthouse Board for 
erection at 7 Canaveral, on the eastern coast of Florida. 
The body of the lighthouse consists of a cast-iron shell lined 
with brickwork, and contains ten floors besides the lantern. 
The total height of the structure is 151 ft., the height of the 
main body from the base to just beneath the lantern gallery 
being 120 ft. The foundation is formed of 12 in. piles, 
braced together at the heads by 12 in. baulks, upon which 
is laid 6 in. planking, and upon this again 6 ft. of concrete. 
The main body of the lighthouse is 28 ft. in diameter at the 
base and 12 ft. at the lantern, and the shell is made in fifteen 
rings, each 8 ft. in height, each ring being composed of twelve 
segments, The thickness of the metal of these segments varies 
from 14 in. at the base to 7 in. at the top, and they are all made 
with flanges strengthened by feathers, by the aid of which they 
are balted together. We give in Fig. 6 a section of one of the 
segments forming the lowest ring, from which it will be seen 
that there isa double flange strengthened by feathers at the 
base, holding-down bolts passing through this flange to washer- 
plates imbedded in the concrete. 

The segments forming the shell were specified to be cast in 
dry sand, and from, a, mixture of such brands of American iron 
as would ensure a tensile strength of at least 20,000 lb. per 
square inch. All the joints were to be planed, and the bolts to 
be turned, the holes into which they were driven being rimed 
out. The outline of the body is shaped to a curve generated by 
the revolution of a rectangular hyperbola around one of its 
usymtotes as an axis, the equation of the curve being zy=m, 
in which a represents any abscissa, y the corresponding 
ordinate, and m a constant quantity obtained as follows: The 





height ot the tower and the radii at the top and bottom are 
given, and substituting these actual values in the general 
equation, we have for the top of the tower 

ax6=m, 


(a—120) x 14=m, 


6a=(a—120) x 14, or a=210. 
But as 6a=m, then m=1260. 
The ordinates of the semi-meridian section of the tower, taken 
8ft. apart, and measured from the vertical axis, calculated 


and for the base 


hence 


according to the formule xy—m=1260, and y=, are as 
x 
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The height of the centre of gravity above the base of the 
tower may be obtained as follows: Let C=the distance of the 
— of gravity of the section from the axis of the ordinates, 
then 

__ sum of moments 
~ area of section, 

Area of element=ydz. 

Arm=z. 

Moment=azydz=mdz. 

Area of element=ydz. M —_— ee 

jy mendeghy oment=2ydz=mdz. 

a 
S mdz=ma—mb=m (a—b)=sum of moments. 

6 


a a 
Si ydx of £m (log. a—log, 6)=area of section. 
ra e e 
b b 
m(a—b) a0 
C= in (log. a-—log, 0) log, a—log. 6 — ORs 141-8 
€ € € e 





141.8—90=51.8 ft.=height of centre of gravity above the base 
of tower, 

Besides the ground floor, the building contains ten floors 
placed at various elevations, these floors being carried upon 
rolled beams and T igons. In the case of the first, second, and 
third floors, which, are, those of the kitchen, living-room, and 
bedrooms, respectively,. the rolled beams are 6 in, deep, 
and are disposed mt , extending from the walls of the 
tower to a central; of boiler plate which will be described 
presently. There are, twelve of these radial beams to each 
floor, and they are cgnnected by 3 in. by 3iby 4 in. T irons, 
which form, as it were, polygonal rings beneath the floors. The 
T irons are covered by }.in. boiler plates, and upon these are 
laid the flooring baile which are 1 in. thick. A section show- 
ing the mode of connecting the T irons to the floors is given in 
Fig. 3, whilst Fig. 4-gives a section of one of the 6in. rolled 
beams, these having 'top‘and bottom flanges 2} in. wide by 4 in. 
thick at the edges,’and webs rather more than } in. thick. 

In the remaining floors the arrangement of the floor-beams is 
different to that above Gestribed; In the case of the fourth and 
fifth floors the main ‘support’ is given by a pair of rolled beams 
12in. deep, placed diametrically side by sile, irons, 4in. by 
4in. by din, an from these beams to the sides of the 
tower. In the case of the sixth, seventh, eighth, and ninth 
floors the arrangement is somewhat similar, the beams being, 
however, 9 in. instead of 12in. deep, and the T irons being in 
most cages 3 in. by 3}in, by $¥in. The tenth floor is formed by 
massive castings which support the lantern, the arrangement 
being shown by the section of the upper part of the lighthouse 
given in Fig, 2. The floor of the basement story is formed of 
bricks laid upon the concrete, and that story is also lined with 
brickwork one and a half bricks thick. The brick lining of the 
remainder of the tower up to the top of the fourteenth section is 
one brick thick, and. above that point half a brick thick. 

Access is gained to the lighthouse by a spira! staircase on the 
outside, this ae to a doorway formed on the level of the 
second floor above the basement, as shown in Fig.1. The com- 
munication between the various floors is given by a central 
spiral staircase, the lower of this staircase being enclosed in 
a tube of boiler plate, to which we have already referred. ‘This 
tube is 6 ft. in diameter. and 33 ft. 2in. high, and it extends to 
the fourth floor above the basement. It is formed of } in. boiler 
plate, butt-jointed, and has doorways formed in it at the levels 
of the different floors through which it passes. At the base it 
is secured to a circular wheel-like casting, which rests upon the 
concrete, this casting having a central boss, 6 in. in diameter and 
11 in. deep, with a 4 in, ‘hole in it, in which the lower end of the 
central pillar supporting the staircase rests. The rim of the 
bottom casting is |-shaped, 4in. by 4 in. by 1 in., and is con- 
nected to the boss by six arms of 1 section, 5 in. wide, 1 in, 
thick, and varying from 4 in. to 8 in. deep. 

The various stories are lighted by windows or ports 15 in. in 
diameter, there being altogether twenty-five of these. The con- 
struction of these ports is shown by the section of one of them 
given in Fig. 5, the outer frame being of cast iron and the sash 
frame of gun-metal; the glass is }in. thick. On the basement 
floor are placed ten water-tanks, these being each 6 ft. high by 
2 ft. 6 in. in diameter, and made of wrought plates, the bottoms 
being 3; in. thick, and the sides }in. thick. The fifth story, 
which is called the oil-room, is provided with oil-tanks of similar 
construction. Amongst the miscellaneous fittings we may men- 
tion a small jib crane, which is fixed by the side of the entrance 
door for the purpose of hoisting in coals and other stores. 

The illuminating apparatus was to be provided by the Go- 
vernment, the contractors only having to tind the ironwork of 
the lighthouse, The lantern, which is shown in section in Fig. 
2, is formed of sixteen wrought-iron uprights, braced together 
horizontally by gun-metal braces, or sash frames, and covered 
by a hemispherical roof. The outside of this roof was specified 
to be covered with copper, supporied on wrought-iron purlins, 
pnd the inside with zinc, a heavy tin cowl being placed below to 
protect the lamp from falling water. Around the top of the 
tower is carried a gallery supported by ornamental cast-iron 
brackets, and around the base of the lantern is placed another 
smaller baleony.. The work of constructing the ironwork of 
the lighthouse, which we have been describing, was tendered 
for by twenty firms in various parts of the United States, and 
the estimates sent in varied very widely. The highest tender 
was that of Messrs. Gage, Warner, and Whitney, of Nashua, who 
wanted $69,600 (gold), and the lowest was that of Mr. Parrott, 
of the West Point Foundry, Cold Spring, who tendered for 
$28,000, and obtained the contract. We frequently see very 
great differences between the builders’ estimates sent in in this 
country, but in such cases the amount of work to be done can 
scarcely be estimated so closely-as it could be in the case of the 
Canaveral Lighthouse, and we can only explain the wide differ- 
ences in the estimates for the latter work on the assumption, 
that many of the parties tendering really made no “estimates” 
whatever in the ‘proper sense of the term, but merely guesses— 
and very rough guesses—at the cost. 





A Swepisn Gunsoat,—A correspondent of the Times, 
writing from Stockholm, says: ‘‘ At Motala, also, there is a very 
peculiar iron-clad gunboat, which is more like a canoe than any- 
thing else. The bow or ‘ nose’ is depressed, so that the water- 
line, when on war service, will be almost at the summit of the 
arched deck. The single gan carried by this formidable craft is 
in a mailed gunhonse, fore and aft, in the centre of the deck, 
and the gun cannot be separately trained, but the whole boat 
must be directed so0,as to point it. ‘Thus the only aperture for 
hostile entry into the gnnboat is that of a few inches for the shot 
to issue from the inuzzle of the gun. This boat is about 100 ft. 
long, and it looks ‘like a great whale with a cannon on its back 








—the most deadly and, impregnable war engine I have ever 
seen. 
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METROPOLITAN WATER SUPPLY. 


For a daily supply of about 100 million gallons, the 
eight metropolitan water companies receive annually 
in rates nearly 750,000/. This water is all collected 
from a thickly inhabited and extensively cultivated 
area, and filtration is indispensable to its fitness for 
drinking, this process having indeed been for the last 
eleven or twelve years enforced by parliamentary 
enactment. Without —e upon the discussion of 
the point, it may be noted urther, that the filtered 
water is believed to be still contaminated in some 
degree with sewage, and thus with the material poison 
of cholera and typhus. This water, furthermore, has 
a hardness of from 124 to 25, that number of parts in 
every 100,000 being carbonate of lime or its equivalent 
(the corresponding hardness by Dr. Clark’s scale being 
83 to 174, representing the grains of carborate of lime, 
or its equivalent, per gallon of 70,000 grains). The 
effect of this hardness, as is well known, is to greatly 
increase the consumption of soap, and it involves, also, 
a large annual extra cost for tea, a greater quantity 
being required with hard than with soft water to obtain 
an infusion of given strength. The difference may not 
appear large to a single individual, but it becomes a 
large one when multiplied three millionfold, or by the 
whole population of the metropolis. The supply of 
water, too, is limited, and it isa matter of common 
complaint that in the poorer districts of the metropolis 
the inhabitants are sometimes altogether without water 
for considerable periods of time. It is impossible to 
say, too, how far the annual loss by fires is increased 
from the want of an abundant supply of water, under 
constant service, so as to be ready upon the first 

rm, 

Yet, while we are paying so much for a limited and 
insufficient supply of hard and impure water, Nature is 
for ever distilling, over and over again, from all the seas 
of the globe, and throwing down upon our mountains 
countless millions of tons of the purest and softest 
rain. In Cumberland and Westmoreland alone, 
sufficient rain falls annually to supply the wants of the 
entire population of the United Eoin. At some 
points the fall is nearly 12 ft. for the year, and 8 ft. 
may be taken as the average annual fall over a large 
extent of the hill and lake districts. So far as the 
purposes of agriculture are concerned, these counties 
would be better off with an annual fall of 3ft., the 
excess being literally waste, running back into the 
sea, to be cnesaiall again and again, in the never- 
ending recurrence of ‘the great physical operations of 
the atmosphere surrounding our globe. From but a 
portion of this district, a portion not greatly larger 
in extent than the metropolis itself, an amount of pure 
soft water might be taken, without the least local in- 
convenience, sufficient to afford twice the present 
supply to London. To do this would require an 
aqueduct 240 miles in length, but this could be 
executed for a sum very considerably less than that 
into which our present water rates may be capitalised, 
a sum amounting, at 5 per cent., to 15,000,000/., 
while the actual cost of the existing works of the eight 
metropolitan companies has been less than 8,500,000/. 
If, indeed, the money could be raised at 4 per cent., 
we might justly _— nearly 19,000,000/. upon our 
metropolitan supply, supposing, of course, that the 





metropolis can afford to pay, as now, three-quarters of 
a million yearly in water rates. The difference would 
be, however, that with a great aqueduct from the 
north, costing probably not much more than one-half 
of the above sum, we should have a supply twice as 
great as at present, while the quality would be very 
much better, so much, indeed, as to be almost beyond 
comparison, and we should know that no possible 
contamination by sewage could occur. 

We were the first to publish Messrs. Hemans and 
Hassard’s scheme, which is that now under considera- 
tion, and since its appearance we have heard a few 
objections—of the usual class in such cases—against 
it. First, is its great cost. Now it can be shown 
that the interest upon its cost, the whole additional 
charge for annual working expenses and maintenance, 
and the further sum of 450,000/. per annum to 
continue to the existing companies their present 
dividends and their payments on borrowed capital, 
would not, altogether, greatly exceed the 750,000/. 
now paid yearly in rates. For 900,000/. or at the 
mart 1,000,000/., per annum, including all the above- 
named charges, we should have a supply of water 
twice greater than at present, and of unquestionable 
purity and softness. Commercially we believe the 
undertaking to be a desirable and proper one. 

The objection has been raised that pure water from 
the mountain lakes is too good for watering streets 
and for manufacturing purposes. Really pure water 
is needed, we are told, only for drinking and cooking, 
and perhaps for the laundry. We, however, believe 
that it would be every way preferable to have a single 
instead of a divided supply, as is proposed by those 
who raise this objection. 

Another objection has been urged, that of the in- 
justice of robbing the northern counties of their own 
natural supply. The whole theory, however, of the 
scheme is that the rainfall there is greatly in excess of 
all local wants. No scheme of waterworks can pre- 
vent the direct fall of the rain upon the ground, so that 
we are not robbing the soil nor the owner of the soil ; 
indeed, it would be a service to him could we, by any 
means, prevent the present excessive drenching. Over 
large tracts, however, the rain falls upon uncultivated 
and hopelessly uncultivable hills, where there is but 
little population, inasmuch as there are no natural 
means of subsistence. Indeed, the whole population 
of Westmoreland, a county of 763 square miles, is not 
so great as that of the town of p< wg or that of 
Bolton, or Leicester, or Devonport. It is an almost 
stationary population, numbering 51,359 inhabitants 
only in 1821, and but 60,817 in 1861, or forty years 
afterwards. Cumberland is a county of nearly twice 
the size, with a population rather more than three 
times greater. ith a system of waterworks, how- 
ever, compensation reservoirs would be constructed, 
and the minimum flow of the streams to the sea would 
be maintained at least at its present rate, so that even 
for mills there would be no real loss. As for the sen- 
timental objection of “robbing the beautiful lakes of 
their stores,” none of the lakes would be lowered, and 
in the case of Thirlmere and Haweswater it is indeed 
proposed to raise them, the one 64ft. and the other 
42 ft., while the supply to London would be drawn 
from Ulleswater, without sensibly affecting its level, 
and at a depth of twenty feet below its surface. 

Like nearly all great improvements, the importance 
of a practi unlimited metropolitan supply of pure 
soft water, under constant service, expands in proportion 
as it is considered. Opinion is steadily growing in its 
favour, and we may hope to see so great a work com- 
menced within a moderate space of time. 








BREECH-LOADING RIFLES. 


Tue war in Germany has made breech-loaders the 
question of the day, and the attention of all Govern- 
ments is at the present moment directed to the selec- 
tion and adoption of the most suitable weapon of this 
class. The question, however, what is the most suitable 
breech-loader for an army? does not admit of so easy 
and absolute a solution as might appear at first thought, 
and with the enormous number of rival inventions, 
with the opposing interests of so many parties con- 
cerned, forms one of the most complicated and diffi- 
cult subjects of study for any man, or any number of 
men, in office. 

It may be said with truth that there exists no 
breech-loader which could be considered as “ the 
best,” since in this, as in many other cases, the variation 
of circumstances and conditions will make one gun 
superior to the other, or, rather, will recommend the 
introduction of one system of breech-loaders in pre- 
ference to others, without further regard to their 





absolute merits. The existence of an enormous stock 
of muzzle-loading rifles in the hands of nearly all 
European armies is one of the points of consideration ; 
the difficulty of teaching a common soldier to use a 
complicated and delicate firearm, and to keep it in 
order, is of equal importance, and this again varies 
according to the average intelligence of the soldiers in 
the different countries. The question of economy, 
both with regard to guns and to cartridges, .s, of course, 
one of the most prominent. 

It is possible, however, to arrive at an abstract idea 
of what a modern breech-loading rifle should be, and 
the merits of any particular system to be adopted by 
any army or Government will be to approach that idea 
as closely as the circumstances will permit. 

The present state of our mechanical manufactures 
will hardly admit any other material for the barrel 
and all working parts of the rifle except steel. The 
various methods now in use for producing stecl gun- 
barrels of the highest quality and at a cost scarcel 
exceeding the price of common wrought-iron barrels 
are in themselves a sufficient guarantee that steel will 
be the sole material for the rifles of the future. The 
length’of the barrel being fixed by considerations not of 
a purely mechanical nature, the next point to be decided 
is the proper size of bore. With regard to this, the 
modern tendency is to diminish the bore of the rifle. 
The diameter of bore. being expressed in decimals 
of an iggh, we observe that the Enfield bore is .577, 
the Anférican standard .500, while Mr. Whitworth 
adopts .450. With breech-loaders the size of bore 
is obviously of the utmost importance, on account 
of the weight of the cartridges. A soldier can- 
not conveniently carry more _ a given weight of 
ammunition. With the old miuzzle-loaders sixty 
cartridges were the proper supply for an infantry 
soldier. Now, with the rapidity of firing of the 
breech-loading gun, it is desirable that the number of 
cartridges should be increased without adding to the 
total weight to be carried by the soldier. This can be 
done by reducing the size of the bullet to the utmost 
limit which accuracy of fire and sufficiency of range 
will require. Mr. Whitworth having practically 
— that a bore .450 in. in diameter is sufficiently 
arge, nothing larger ought to be adopted; and if Mr. 
Whitworth, or any other authority, should afterwards 
establish the practical applicability of a still smaller 
bore, it weal of course be advisable to adopt the 
smallest. The smaller bore will permit the lessening 
of the weight of bullet, and with this will allow a 

reater number of cartridges to be taken into the field 
y the soldier. 

With a small-bore rifled steel barrel, we desire to 
combine a mechanism of the utmost simplicity for 
opening and closing the breech. We have the choice 
to prevent the escape of gases by a hermetic fit of the 
breech-piece and barrel, or by the use of a closed car- 
tridge, within which the explosion takes place. It 
will be readily admitted that it is easier to make a gas- 
tight cartridge than a gas-proof joint between the 
breech and barrel of a gun; we should, therefore, have 
a closed cartridge. The application of a closed gas- 
tight cartridge renders the use of a common percussion 
cap inadmissible, since this cartridge can only be ignited 
from within, ‘The necessity of capping is thereby dis- 
carded with altogether in every proper breech-loader. 
There has been much scientific dispute about the diffe. 
rences in igniting the cartridges in front of the charge 
or behind, with “central fire’ or “rim fire.’ The 
Prussian needle gun fires a cartridge having the ignit- 
ing composition in front of the charge of powder. 
The coubeaiion thereby is made to proceed from the 
bullet towards the breech, and a better utilisation of 
the gases was supposed to be the consequence, It has 
been proved, however, oy numerous carefully conducted 
experiments, both in England and abroad, that the 
front of the charge is the very worst place to ignite 
the powder, that the results are better if ignition takes 
lace at the rear, and that the best results are obtained 

y igniting the powder somewhere about the middle of 
the mass, so that combustion may proceed in both 
directions simultaneously. These differences, however, 
are sensible only with large charges and slow-burning 
powder. In the small cartridge of a rifle there is, 
practically, no difference whether the charge is fired in 
front or rear, from the centre or rim, and thie boasted 
superiority of one mode of firing over the other is no- 
thing but a catchword for forwarding personal interests 
of certain patentees. 

The firing of the self-igniting cartridge is effected by 
striking it with a pin or needle. It is preferable to 
have a short stout pin instead of the long thin needle, 
as the former is less liable to derangement. 

The above being the main points of consideration 
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from a purely mechanical point of view, we may name, 
as the dhareteniotics of the most perfect breech-loading 
firearm, a rifled steel barrel, a small bore, a closed selt- 
igniting cartridge, a simple arrangement of breech, and 
a short stout pin for striking the igniting powder. 

Without desiring to compare the relative merits of 
any particular systems of modern breech-loaders, it 
may be remarked that the celebrated Prussian needle- 
gun does not comply with any one of the above cha- 
racteristics, excepting only the steel barrel, and that it 
has, therefore, justly acquired the reputation of being 
the very worst breech-loader known, , 

There exists another class of breech-loaders not con- 
sidered’ in the foregoing remarks because they involve 
a dillerent principle, viz.,-the repeating rifles. ‘These 
ingenious and much-admired fighting machines may 
perhaps be the weapons for future generations, but at 
present their applicability is very limited. They are 
of necessity more costly and more complicated than 
plain breech-loaders, and therefore more unsuitable for 
rough use and more likely to get out of order. 

They are moreover an unsuitable weapon for infantry 
on account of the difficulty which the soldier has in 
remembering the precise number of shots he has left 
in his gun, and on account of the considerable time 
the repeater requires for reloading. The repeater 
seems, however, to be the perfection of a cavalry 
carbine, since the very nature of this weapon is, to be 
used only once and “only for a few minutes. The 
extreme rapidity of firimg gives to the —— 
the greatest value, while the limited number of shots 
has no significance with this class of arms. 

With regard to the important question of the policy 
of converting old muzzle-loader guns into breech- 
loaders, there can be no doubt that a good breech- 
loader may be made at comparatively small cost from 
a good muzzle-loader ; the question will therefore re- 
solve itself into whether the muzzle-loader given for 
conversion is sufficiently good for this purpose. The 
demands would be a steel barrel and a small bore. The 
Enfield rifle is an example of the absence of both the 
above, and the consequences of its conversion are likely 
to lead to great expenditure in the end. Each gun is 
converted at about 1/. cost into a Snider breech-loader, 
and must be provided with, say, 250 cartridges suit- 
able to the large Enfield: bore., Tile price*of these 
cartridges is about'1/. After some time a good breech- 
loader will be selected and introduced; this new gun, 
it may be supposed, will have a small bore, and the 
cartridges then in store will be useless. The virtual 
expense of converting the old Enfield rifle under these 
conditions will be 2/. each. The cost of making a good 
new breech-loader at Enfield is supposed to be not 
much above 3/., from which it aaa appear that the 
makeshift of converting old Enfield rifles will not prove 
very economical in the end. 


MARINE ENGINES. 

‘Tnx most important discovery which yet remains to 
be made in connexion with the marine engine is that 
of a thoroughly trustworthy high-pressure boiler. 
With this we could have not only great economy of 
fucl, but great compactness in the machinery. High- 
pressure boilers worked with salt water would very 
soon choke with salt, and such as have so far been 
tried at sea, even when fed with distilled water from 
surface condensers, have not given satisfactory results. 
We had especial oppportunities for observing the 
working. of Messrs. Kowan’s engines, as originally 
applied to the Thetis, and afterwards to the Athanasian, 
Sicilia, Italia, and other Mediterranean steamers, as 
also to several boats for India and Australia. The 
writer pronounced his opinion at the time, not only to 
the constructors and others interested in these boats, 
but publicly also, that their boilers must fail; and 
although they did fail almost from the first start, their 
failure was not sooner than he had anticipated. It is 
needless now to point out why they failed, because 
most engineers who are interested in this subject 
know both the plan and the defects of the boilers in 
question. We do not consider, however, that their 
failure settles the case against all high-pressure marine 
boilers, and we look forward wih confidence—not- 
withstunding the many diswppointments which the 
more enterprising marine engincers have met with- 
to the permanent adoption of pressures of 100 lb. and 
upwards at sea, ; . ' 

In the mean time we believe that the introduction 
of high pressures on board steam vessels must be 
gradual, not only in respect of time, but gradual also 
in respect of their complete adoption in a single ship. 
With this belief, we have already (ENGINEERING of 
August 31st, vol. ii., page 146) indicated the mode 


‘fortnight ago was not secured. 





whereby high-pressure and low-pressure steam may be 
separately generated and separately worked on board 
the same ship,“ without the risk of disabling the ship 
* in case of any of the high-pressure machinery going 
“wrong.” ‘This mode,'we need hardly repeat, is pro- 
posed for the purpose expressly stated in our former 
article and above—the gradual introduction of high- 
pressure steam on shipboard. It is that of working 
the steam from a high-pressure boiler through a high- 
pressure non-condensing engine, and exhausting thence 
into a low-pressure boiler or engine. Instead*of multi- 
plying the nuinber of ‘cylinders, it would occur to 


most -engiheers that the. high-pressure and low-pressure | 


engines should be coupled to the shaft by means of 
cranks at right angles to each other. In this case the 
high-pressure engine could not exhaust direct into the 
low-pressure cylinder, although it might exhaust into 
the secant valve-chest, the exhaust being thus 
thrown into the volume of steam prgceeding from the 
low pressure boiler. It is hardly necessary to point 
out, mecoraesal that it would be much better to carry 
the exhaust of the high-pressure engine back to, and 
into, the low-pressure boiler, or, at any rate, into the 
superheater in connexion with that boiler. The econo- 
mical working of steam through successive high-pres- 
sure and low-pressure cylinders is greatly promoted by 
intermediate superheating. This has long been recog- 
nised by many clever engineers. As long ago as 1852 
Mr. Adamson, the well-known boiler-maker and iron- 
master, obtained a patent for this intermediate super- 
heating, and Mr. Wenham followed it up with a further 
patent, nearly ten years later, and which was embodied 
in an engine exhibited by him in the International 
Exhibition of 1862. Mr. E. A. Cowper exhibited 
also, at the same time, a compound engine, constructed 
by a firm in the Midlands, and in which this inter- 
mediate superheating was effected, to a moderate ex- 
tent, by a steam-jacketted reservoir between the high 
and low pressure cylinders, the pistons of these cylin- 
ders being connected to cranks at right angles to each 
other on the same shaft. These sate patentees 
dealt, however, with land engines only, with which 
they could easily and safely command steam of 100 lb. 
per inch, whereas they could not at present depend 
upon steam of more than 30 lb., were they to apply their 
designs to steam vessels. They all of them employed 
one high-pressure, boiler, or a series of high-pressure 
boilers, ouly ; whereas on shipboard, even if it be a ques- 
tion whether such boilers can be fully depended upon, it 
is probable that they can be introduced to supply part of 
the steam, thus leaving secure a further supply from 
ordinary boilers of attested practicability. The system 
of exhausting from a high-pressure engine into a low- 
pressure boiler is not entirely new, for it has been 
carried out in land engines, but—so far as we could 
learn, a few years ago, when we had occasion to look 
into the matter—not so much with a distinct view of 
the economy of which the practice is capable, as from 
considerations of lecal convenience. And as super- 
heaters were not employed in these cases, one of the 
principal advantages pointed out in our article of a 
Indeed, where the 
steam from the low-pressure boiler is not superheated, 
it would be better to exhaust at once from the high- 
pressure engine direct into the cylinder of the low- 
pressure engine, or, if the respective high and low 
pressure pistons work upon nite at right angles to 
each other, into an intermediate reservoir, although 
here, again, it would be much better to superheat the 
steam, as in Mr. Adamson’s plan, repeated with certain 
variations by Mr. Wenham and Mr. Cowper. Messrs. 
Randolph, Elder and Co., of Glasgow, now superheat 
the steam in a resérvoir between the high and low 
pressure cylinders. Until, however, high-pressure 
boilers can be fully depended upon for the supply of 
all the steam worked in marine engines, we heel 
recommend the divided supply, as proposed by us 
a fortnight ago, although we then stated the ob- 
jections to this division. Where not only high and 
low pressure engines, but high and low pressure 
boilers are employed in the same ship—and we can 
point to a number of vessels in which both classes 
of boilers are working, the high-pressure boilers being 
devoted to separate engines for driving the air-pumps 
—it is altogether preferable to employ.the low-pressure 
boilers and their superheaters as the “ interheaters” so 
carefully described in Mr. D. K. Clark’s Exhibited 


Machinery of 1862, page 315. 





A PLepce or Pracr.—It is rumoured that in order to 
show the Americans that we don’t mean fighting, whatever may 
come, Sir John Pakington is about to send the Netley and the 
Trinculo, screw wooden gunboats, for service on the American 


lakes! A couple of tea-chests would do as well. 





THE DYNAMIC MERITS OF STEAM- 
SHIPS. 

Tue remarks which we made upon the speed of the 
Bellerophon in our last number have failed (as we were 
quite prepared to find) to convince Mr. Atherton that 
his view of the-swbject is an untenable one. There is 
nothing surprising in this, because that gentleman has 
been for so many years giving his attention to the 
question of the “ dynamic merit” of steam-ships, in its 
relation to the formula of which we have spoken so 
freely, that he is the very last ‘person whom we should 
expect to find ‘embracing. _e opinions. At the same 
time we by-no means complain of Mr. Atherton for 
holding to his owm view, and’ judging the Bellerophon 
by it. The holdness of the experiment undertaken by 
the designers of that ship was so great as to challenge 
hostile criticism even in the hour of its complete suc- 
cess, and the gentlemen who are most familiar with 
Mr. Atherton’s formula were those who most strenu- 
ously believed its success impossible, up to the very 
hour of its accomplishment. _We have heard, and we 
believe, that on the very evening preceding the trial 
the Board of Admiralty, who were then at Portsmouth, 
were assured by the gentlemen who surrounded them 
there that 13 knots was all the speed the Bellerophon 
would ever make, and Mr. Reed stood absolutely alone 
in holding to his promise of 14 knots with the promised 
steam power. On the following day, when the six 
runs at the measured mile had been completed, and 
the captain of the steam reserve signalled to the cor- 
mander-in-chief “speed of Bellerophon exceeds 14 
knots,” the wiseacres protested that a mistake must 
have been made. The newspapers of the following 
day, however, who had special representatives on 
board, not only confirmed the signal, but gave the re- 
sult as a mean speed of nearly 14} knots. 

Now, what we say is, that the success of the ship 
was, under these circumstance, complete, and as we 
expressed our confidence in her many months before, 
and consider that the primary qualities of a ship of 
war have been attained in her in the face of great pre- 
judices, and to a very great extent, we are not dis- 
posed to see her reputation lowered for no better 
reason than that she gives a low co-efficient when put 
into a formula that makes the sole comparative merit 
of aship her “ bigness.” 

In support of his view, Mr. Atherton now does 
three things. First, he refers us to the cases of the 
Resistance, the Defence, and the Hector, as instances 
of short ships that have given higher co-efficients than 
the Bellerophon. Now every one of these references 
is doubly unfortunate for Mr. Atherton’s argument, 
for each of these ships is confessed to be inferior 
to the Bellerophon on all other points, and in 
yoint of speed the Bellerophon is actually faster at 
1alf boiler power than two out of the three of them is 
at full power, and nearly as fast as the third! The 
Defence is a ship with 44 in. armour over about half 
her length only; she has no protection even at her 
water line beyond the limit of her battery ; no pro- 
tected bow guns; her steering apparatus is entirely 
without protection ; and her greatest speed at load 
draught is 11.6 knots. The Resistance has all the 
same defects, and has a speed of 11.8 knots; the half- 
boiler power speed of the Bellerophon being over 12 
knots. The Hector has more protection in extent, 
but her armour is no thicker, and her water line is 
unarmoured at both ends. Her greatest speed is 12.3 
knots—a third of a knot only in excess of Belle- 
rophon’s half-power speed. How is it possible that a 
comparison of such shi »s as these with such a ship as 
the Selinashes can help Mr. Atherton’s view? The 
fact that they should give a higher co-efficient even in 
a formula applied to its true uses would in no degree 
militate against the ship of so much superior character 
and higher speed, as every tyro knows that at high 
speeds the last knot is immensely the more expensive 
and difficult to attain. Nor would it be unreasonable 
to expect a much lower co-efficiegt than the Hector’s 
even at the same speed, on account of the far greater 
burden of armour which the Bellerophon has to carry. 
But, as a matter of fact, there is no appreciable dif- 
ference in the two ships’ constants at like speeds, for on 
three occasions the Heetor gave constants of 164, 178, 
and 170 respectively, at speeds varying between 9.7 
and 11.8 knots, while the Bellerophon’s 12-knot con- 
stant was 171, which is precisely the mean of the 
Hector’s three. In whatever light the matter is 
viewed, therefore, it is impossible to find in the sort of 
ships which Mr. Atherton appears to prefer any 
semblance of superiority to the ship which he seems to 
like so little. 

The next thing which Mr. Atherton does is to refer 
us to the Solfermo, which steamed 14 knots, he says, 
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with a displacement of 7020 tons, and an indicated 
horse power of only 3720. Now we very much regret 
to find Mr. Atherton consenting to use such a state- 
ment as this against our latest and finest ship, for it 
not only would disgrace her, if true, but disgrace 
every other ship in our own navy equally with Mr. 
Reed’s. At the time M. Dupuy de Lome put it for- 
ward in the columns of the Zimes wedrew attention 
to its improbability, and to its utter i reconcileability 
with the entire experience gained with ships of all 
forms and of all periods in our own navy. There: is 
not a single ship in the British navy list that ever 
produced a constant even approaching to 270 when 
ing at a speed of 14 knots. The Achilles onice 
a constant of 261; but she was then steam- 
The constants gained 


steam 
gained 
ing at less than 12 knots. 


at 
as follows : 
Agincourt att €4 sae ve 232 
Achilles ‘i are ene 233 
do. dam pre 297 
do. sie ee nen 230 
Minotaur oak sae ee 217 
Warrior yee 231 


Now these ships are universally admitted to be ad- 
wisehly proportioned ships, if speed alone is considered, 
and yet how far do they fall short of the Solferino, if 
what we are fo/d of her is true. Butis it true? Mr. 
Atherton has made the statement; will he be good 
enough to authenticate it? If he can, he will be doing 
a real service, and no one will congratulate M. Dupuy 
de Lome more cordially than ourselves upon his sur- 
prising genius. But if the matter is one of mere 
send and unsupported assertion to’ Mr. Atherton, 
as well as to others, and if the French Government 
will not confirm it by an actual race between the Sol- 
ferino and one of our 14 knot ships, then we altoge- 
ther object to having it made the basis_of charges 
against our own ships and our own naval constructors; 
and we hope Mr. Atherton will find some better illus- 
tration of his idea of a “ brilliant success” than that 
of saying that a ship went 14 knots without knowing 

whether she ever did so. 

Lastly, Mr. Atherton objects to our statement that 
the Bellerophon is all the greater a success because 
she gives a low coefficient in his formula, and considers 
that on that principle the Pallas is even a greater suc- 
cess than the Bellerophon, “ giving a coefficient of 
* 141.52, the lowest of all the armoured ships in the 
* British navy hitherto officially reported on.” Here, 
again, Mr. Atherton is in error. The Pallas’s co- 
efficient is not, as he says, the lowest of all the armoured 
ships. The Wyvern’s is the lowest, being 133, as 
reported officially on her trial a year ago. But the 
Wyvern, although built by such an eminent firm as 
that of Laird Brothers, cannot claim the same credit 
in the matter as the Pallas can, because while the 
Wyvern steamed only ten knots, the Pallas steamed 
thirteen; and while the Pallas is in length only 
43 times her beam, the Wyvern is nearly 5$ times ; 
and further, while the Pallas is remarkably handy and 
certain in her obedience to her helm, the Wyvern 
(probably owing to her three-bladed screw) is not so 
distinguished. 

We still think, as we said last week, that, all things 
considered, the low constants of the Bellerophon 
and Pallas are marks of success rather than of failure, 
because they result, in part at least, from the fact that 
we have escaped from that unwise regard to speed 
alone, and that tendency to extreme length, which were 
threatening to make our iron-clad navy consist of the 
most costly and the most unwieldy ships in the world. 


THE ATLANTIC CABLE OF 1865. 

Tue grappling and raising of the cable of last 
year in 1900 fathoms, or a little less than 22 miles 
of water (instead ‘of 3 miles, as has been so widely 
understood), affords, perhaps, an even more striking 
proof of the resources of telegraph - engineering 
than the successful laying of this year’s cable. There 
was, of course, no difficulty im finding the precise 
spot in mid-ocean where the end of the Costin 
cable lay. But it was a question whether the grapnel 
would drag steadily along the bottom at such a depth, 
or whether it would catch and jump successively from 
one point to another. It was not certain even that, 
with such a weight of grapnel wire out, it could be 
told When the cable was hooked, and it was a matter 
of the greatest doubt whether, even if once hooked, the 
cable could be hauled to the surface, supposing 
furthermore, that it were hooked within two or three 
miles of the broken end, so as to oppose but litije 
friction in “coming home” along the bottom, as a 


14 knots or-more by our screw ships have been} 





cable laid with but little slack must have. dope to be 
lifted at all throngh two miles of water. 

It is well understood that the course of the cable 
was first marked by buoys, and that the ship engaged 
in grappling—and there were four ships engaged in 
the task—first went, according to the wind, three or 
four. miles to the north or south, and then drifted 
broadside on across the course of the cable, with her 
grapnel dragging. To pay out 2300 fathoms of grapnel 
wire took from one hour and twenty minutes to three 
hours, and the strain on the dynamometer in 1900 
fathoms of water was then 7} tons, increasing to 84 er 
9 tons, according to the motion of the ship. The 
cable itself weighed 14 ewt. per nautical mile in 
water, and had a breaking strength of 73 tons. When 
the steady strain on the grapnel line at the depth 
named exceeded 8 or 9 tons, it was concluded that the 
cable was hooked, and this was generally found to 
be the case. Hauling’ in occupied five or six hours, 
the resistance occasionally reaching 10} tons. As 
the wire came in with the cable, the resistance due 
to the weight of the former lessened, and that of the 
cable itself increased. When at the surface, the strain 
on the dynamometer was from 7} to 8 tons, and the 
calculated strain on the cable was nearly up to its 
breaking weight. It was grappled ten times in all, and, 
besides being raised to considerable heights from the 
bottom and then breaking or slipping off the grapnel, 
it was twice raised to the surface. The bottom of the 
ocean where the cable was raised is proved to be of 
ooze containing microscopic shells, and no accident 
can happen to the cable there unless it be purposely 
dragged for and broken, as it unquestionably now may 
be, by any evil-minded skipper haying grappling gear 
of sufficient strength, or unless a wreck fell across it. 
It is now being confidently predicted by certain writers 
that both cables will soon be destroyed by icebergs. 
It is, of course, possible that they may, but the more 
the probabilities are examined the less they appear. 
Even if thus destroyed, however, in the iceberg track, 
which is only 200 miles wide, the cable, being in shal- 
low water there, can easily be raised and repaired. 


PUNCHED TUBES AND GUN BARRELS. 

THE manufacture of punched steel tubes and gun 
barrels by Messrs. Deakin and Jolnson’s process is 
likely to become a most important industry. The prin- 
cipal gun-barrel makers of Birmingham are now ad- 
vertising that they are prepared to make fifteen thou- 
sand of these barrels weekly, and Messrs. John Brown 
and Co., of Sheffield, have nearly completed the erec- 
tion of very heavy machinery for valle the tubes, 
after punching, into barrels and jackets, for 7 in. rifled 
cannon. It is but a short time since even the most 
enterprising steelmasters believed it to be impossible 
to punch a 10 in. hole down through an ingot 2 ft. 6 in. 
in diameter and 4 ft. high; yet this has already been 
accomplished, while as for gun barrels, a single tube, 
of dimensions sufficient for the manufactuze of four 
regulation barrels, is punched almost at a blow. 
The material employed is Bessemer steel, and it 
is indeed a question whether any other steel would 
yermit of this mode of manufacture. With the 
Sanat imperfection of the ingot, it cracks open 
or flies to pieces under the punch, and thus only per- 
fect material can pass. As to the endurance of 
barrels made by this process, one test made at Bir- 
mingham, some time since, showed that a barrel of the 
Enfield pattern, punched from Bessemer steel, with- 
stood without injury single charges of sixteen drachms 
of powder and twenty-five Enfield bullets. The latter 
were forced into a continuous bar of solid lead when 
fired, yet the bore of the barrel remained intact. 

The best gun barrels are now made of Marshall’s 
iron, which is sold in skelps about 8 in. long, 54 in. 
wide, and gin. thick, at, we believe, 28/. per ton. 
Bored and ground, and with the “ lump ” forged on, 
these barrels go into the gun trade at a cost of about 
10s. 6d. each. Yet, from “ greys,” “reins,” or other 
faults, from sixty to seventy, and sometimes even 
two hundred out of every thousand, are rejected atg 
proof. With the new punched steel we which 
are at least one-half better than iron, and’ which 
can be profitably made at the same price, there are no 
defects whatever in the metal, since no defective ingot 
will withstand the punch. Messrs. Deakin and John- 
son’s process is equally adapted to the manufacture of 
hollow steel shafts for marine engines, railway. axles, 
&c. A hollow axle, thus punched and rolled, and 
54 in. in external diameter, ion been tested upon 3 ft. 
supports, by a weight of 16 ewt. falling 25 ft., the 
blows beginning, however, with a 5 ft. fall, rising 


fall, the axle was finally deflected 7} in., but no sign of 
fracture was shown. 

We have so fully described the process of manu- 
facturing punched tubes in former numbers, that those 
of our readers who are interested in the subject will 
have fully informed themselves upon it. We may point 
out that the mode of punching and gradually enlarging 
the hole, and the yal rower external rolling, give to 
the,tube ‘an amount of internal working not attained 
by any other process, and which is necessarily of the 
greatest benefit to the material worked upon. At 
present the process promises to afford one of the most 
valuable aids in our attempt to make ordnance of large 
calibre and of great durabilicy. ‘ 





THE ENGINES OF THE MONARCH. 

Ir is impossible to say where the limit of size and power of 
marine engines, if there be a limit, will be found. They are bein 
made larger and larger. Some of the newer-plated ships, an 
those in course of construction, have engines working, or in- 
tended to work, up to from 6000 to 7200 indicated horse-power- 
The Admiralty have just concluded a contract with Messrs. Hum~ 
phrys and Tennant, of Depttord, for the engines of the new double- 
turreted ship Monarch, to be constructed at Chatham Dock 
yard. ‘These engines, rated as of 1100 horse: nominal, are 
intended to be worked up to 7000 indicated. They will have 
cylinders of 10 ft. bore (120in.) and 4 ft. 6 in. stroke, and are 
intended to be worked up to from 60 to 65 revolutions per- 
minute, corresponding to from 540 ft. to 585 ft. of piston per 
minute. ‘The engines fitted by the same firm to the armour- 
plated corvette Pallas have given much satisfaction. Large as 
they are, the Monarch’s engines are still of less size than those 
in course of construction by Messrs. Join Penn and Son for 
the Hercules. These have 127 in. cylinders, from which, how- 
ever, the area of a large trunk has to be deducted, and 4 ft. 6 in. 
stroke, their expected indicated power being 7200. 








WHITWORTH’S IMPROVEMENTS IN 
CASTING STEEL. 

WE illustrate, by the above engravings, the process, recently 
patented by Mr. Whitworth, of subjecting steel to great pressure 
during the operation of casting, the object being to get greater 
soundness than is obtained by the ordinary mode of proceeding, 
and to avoid the waste arising from the use of considerable heads 
of metal. It has been before proposed to cast steel under pres- 
sure, but the means employed have not been such as to allow of 
the process being carried out to a sufficient extent, it having 
been found by Mr. Whitworth, in the course of his experiments, 
that very high pressures are required, and that moulds made of 
cast iron, as is the general practice, are incapable of withstand- 
ing them. 

“According to Mr. Whitworth’s plans, steel or, in some cases 
wrought-iron moulds are employed, and some of the methods of 
constructing them are shown in the engravings. Figs. 1 and 2 
are sectional plans of moulds for producing bars of the sec- 
tions there shown, and Fig. 8 is a vertical section of one of 
these moulds. The cast-steel outer cylinder, B, is made with 
a slight taper on the inside, say about 1 in 60; and it 
is fitted with cast-iron segments, C C, which are slightly 
grooved or fluted, longitudinally and transversely, on their 
bevelled edges in order to facilitate the escape of air and 
gases. The lower end of the mould is secured by the screws, 
E E, to the cap, D; this cap or collar having a hole 
through it corresponding in size and shape with the 
interior of the mould; and into this hole or bore is fitted 
the pressing plunger, E. This pressing plunger is fitted 
on the end af the ram, I, of a hydraulic press, and the 
mould is ed on it by means of the friction screws, G. 
Above the mould is placed another plunger, F*, this being ar- 
ranged so that it can be quickly brought down into the mould 
and secured there. The interior of the segments of the mould 
are coated with loam or similar material on their inner sides and 
the ends of the plungers, F and F?, are also covered by surfaces 
of loam, H and H', these surfaces being protected at the edges 
by rings or hoops of tinplate. When the melted steel or iron 
has been poured into the mould, the plunger, F*, is forced down 
quickly against the fiuid metal, and is there made secure by 
any convenient means; at the same time the ram, I, of the 
hydraulic press is put in motion, and, as before mentioned, the 
plunger, F, is thereby forced into the mould, thus subjecting the 
fluid steel to great pressure. When the pressure deterinined upon 
has been arrived at, the mould and its contents are allowed to 
stand till the steel has become thoroughly set, or, when desired, 
the casting is taken out of the mould and cooled slowly in an 
annealing furnace or otherwise. ‘This process is suitable for 
casting solii shot for ordnance and similar articles; for hollow 
bodies, if the inner diameter be small, wrought-iron cores are 
iutroduced, the plungers being in such cases made hollow to 
pass over the cores. 

The remaining figures of our illustrations refer to an arrange- 
ment of cast-steel mould, suitable for casiing the hoop and two 
trunnions of a piece ot ordnance, this mould being fitted with 
four pressing plungers, three of which are actuated by hydraulic 
ypresses. Vig. 4 is a plan, Fig, 5 a side elevation; Fig. 6 is a sec- 
tional plan, and Vig. 7 a longitudinal section of the core, and 
Vig. 8 a separate view of one of the smaller pressing plungers 
The steel mould, A, is made in two parts, which are placed 
together and fixed by the bolts, a a,—strengthening rings, b b, 
being also added at the ends. ‘The interwr surface of the 
mould is protected by sand or loam, which is rammed between 
it and the pattern when the mould is being prepared; this 
lining is marked B in the figures. In the centre of the mould is 
the cast or wrought iron tube, C; this tube being perforated 
with a number of small holes and having an enlargement, C,1 
at its lower end. On this enlargement is built the core, K, 
and over this are placed the cast-iron segments, F F, which are 

rforated with a number of sinali holes, and have those sur- 
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To the top of the mould is fixed, by the screws ¢ ¢, the steel collar, 
A’, through which the upper planger, X*, passes; this plunger 
being caused to descend quickly on to the fluid steel as soon 
as the mould has been died, and a held securely as the 
metal is being subjected to pressure. The lower plunger, X, is 
moved by the ram, D, of an hydraulic press, and is arranged to 

th h the collar, Y, which is secured to the bottom of the 
mould by the screws, ff. The plunger, X, is made tubular, so 
that it slips over the core, and the mould is supported on it by 
the friction screws, G, the inner part or core being sustained by 
the pins, Gt. There are, as we have already mentioned, two 
other pressing plungers, L L, these ey bone hollow to pass 
over the wrought-iron cores, M M, and ing actuated by the 
rams, K K, of the hydraulic presses, J J. ‘These presses are 
secured to the flanges, H, of the steel mould by means of the 
bolts, C1, and the ends of the pressing plungers are faced with 
sand, and are perforated to allow of the passing away of the air 


and . 

When the mould has been charged, the plunger, X', is lowered 
and secured, and pressure is then applied by the other three 
plungers simultaneously, care being taken that the pressure 
exerted per unit of surface is the same in all the presses. When 
acting upon bodies about 4 in. in diameter, Mr. Whitworth has 
employed a pressure of about 20 tons per square inch; but in 
cases where metal cores are introduced into the interior of the 
castings, he has obtained good results with a pressure of 5 ton 
per square inch. When no cores are used, it is found to bs 
desirable that the pressure should in all cases exceed that lase 
mentioned. 


WEBB’S CROSSINGS AND CASTING- 
MOULDS. 

Mr. F. W. Wess, formerly of Crewe, and now manager to 
the Bolton Steel Company, has recently taken out a patent for 
improvements in the construction of steel railway crossings, and 
in the mode of constructing the moulds for casting such cross- 
ings and other articles; and these improvements we iliustrate in 
the accompanying engravings. Figs. 1 and 2 show one of Mr. 
Webb’s crossings, from which it will be seen that they are so 
arranged that the junction of one of the rails, 2, with the point, 
a, overlaps the junction of the other rail, y, to the extent of 
about half the length of a “ fish-plate,” 6, which is secured by 
the bolts, 6'. The object of this modification is to render only 
one fish-plate necessary (the overlapping rail answering the 
purpose of a fish-plate on one side), and to avoid the sudden 
transition from the rail to the point and vice versa. 

The construction of the moulds used by Mr. Webb for casting 
crossings is shown by Figs. 3, 4, 5, and 6; Fig. 3 being an 
elevation of half a mould, Fig. 4 a plan, partly in section, Fig. 5 
an end view, and Fig. 6 an end view of a mould adapted for a 
different section of rail to that shown in Fig. 5. It will be seen 
that the exterior of the mould (formed of cast iron or other 
suitable metal) is in two halves, d, and that they are secured 
together (as shown in Figs. 4 and 5) by bolts, d', and cotters, d?, 
each cotter — against a spring, d*; consequently the exterior 
parts of the mould are held sufficiently tight against each other 
to resist the pressure of the molten metal, but not to resist the 
contracting strain of the metal when cooling. Loose pieces corre- 
sponding to the form of the ends of the rails to which the point or 
crossing is to be attached have to be secured in the interior of the 
mould. ‘These pieces, ¢, are shown in Figs. 3, 4, and 5, and are 
secured by wood pegs, e', arranged so that molten metal can 
come in contact with them and burn them away sufficiently to 
liberate the loose pieces by the time the contraction of the metal 
begins. When ready for casting, the mould is placed vertically, 
with the large or open end into which the metal is poured upper- 
most. ‘Two alternative methods of holding the loose parts of 
the mould are shown in Fig. 4 in dotted lines ; one method bein 
to suspend the loose piece, e, by a cord or wire, ¢%, which will 
readily break with such strain as will come upon it when the 
metal contracts, the other method being to hold up the piece, e, 
by a spring, &. The loose pieces, ¢, are supposed to be held by 
stops, e*, to prevent them moving upwards, but they are only 
prevented from moving downwards by the spring, e*, or cord or 
wire, e*, In place of the wood pegs, e', fusible metal bolts 
or pins may be used, which will melt and liberate the loose 
pieces, ¢, at the proper time. Mr. Webb casts his steel crossings 
with the point-end deeper than it is required to be when finished 
and then forges or reduces the end to the proper dimensions 
under a steam hammer. This method of proceeding, which con- 
solidates the metal, is shown by Fig. 7, in which a is the point 
or crossing, c the hammer, and c! the anvil; the reducing and 
consolidation may also, if A ere be effected by rolling. 

The adaptation of Mr. Webb’s method of constructing moulds 
to the casting of steel hammer-blocks and similar articles having 
under-cut portions is shown by Figs. 8, 9, 10, 11, 12, and 13. 
In each example, f is the base plate of the mould, and g the 
mould above, resting upon the jbase plate; 4 are loose pieces to 
mould the under-cut parts, these pieces being held against the 
side and top of the mould, in Figs. 8, 9, 10, and 11, by bolts, a’, 
cotters, d?, and springs, d?; or they may be secured by wood 
pegs or fusible metal pins, as shown in dotted lines, Figs. 8 and 9, 
or by other expedients, In Figs. 8 and 9, a represents a piece 
of fire-brick against which the metal falls when first poured 
into the mould. Figs. 12 and 13 represent a mould for casting 
hammer “tups” with an internal under-cut groove; the loose 
~~ in this case are made up in three parts, namely, a wedge, 

', passing through and held up against the base plate, /; by a 
lever, A, cotter, and spring, as shown, the lever having its 
fulcrum attached to the base plate at 4°. To the wedge, A', 
the loose mould parts, A, are attached by wood pegs, A‘, as 
shown, or by other suitable means. When the molten metal is 
poured into the mould the wood pegs will begin to burn away, 
so that when the metal begins to contract the inclined surfaces 
will act to force down the wedge, !, allowing the parts, h, to 
approach each other to the required extent, or the lever, 4?, may 
be released when the metal has been poured into the mould, thus 
leaving the loose parts perfectly free to give way to the con- 
tractiun of the metal. 








Tue THames Empankment.—The contract for the portion 
of the Thames Embankment, from the Temple to Blackfriars, 
is now about to be let. 
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Tue ALLEN Enoine.—Mr. Grierson’s letter, in our last 
number, might perhaps convey the impression that he had found 
high-speed engines a “commercial failure,” in consequence of 
their knocking themselves to pieces. This is not the case, nor has 
any experience with the particular design of engine in question 
justified such an inference. Mr. Grierson has found merely that 
purchasers will not pay the price demanded for the Allen 
engine. 
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MR. WHITWORTH’S COMPRESSED STEEL CASTINGS. 
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THE Great Ocean Racr.—The first ship to arrive at and 
enter the London Docks with teas of the new crop receives 10s. 
per ton extra freight. Nine ships, laden with tea, left Foo- 
chow-foo between May 29th and June 6th last—the Taeping, 
Ariel, and Serica leaving on the 30th May. These three ships 
performed their voyage of 16,000 miles in 99 days, and arrived 
- ee between 9 p.m. and 11 p.m. on Thursday evening, 

e 6th inst. 











CAST STEEL RATLWAY CROSSINGS. 


BY CAPTAIN F. W. WEBB, OF THE BOLTON STEEL COMPANY. 
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«T/AIGLE” GUN. 


h-loading firearm of which we herewith give illus- 
piieteens which has been invented by Mr. E. Petito, Fig. 1 
being a longitudinal section of the breech-loading arrangement, 
Fig. 2 a sectioual plan, and Fig. 3 a separate view of one of the 
pieces. The barre B, is fitted at the breech with the chamber, 
A, which is reduced in thickness at the hinder part, and turns 
on the horizontal axis, D; this axis vy | placed slightly be- 
low the centre line of the barrel, so that (the curve of the face 
fitting the barrel being struck from the centre of the axis) the 
under side of the chamber is somewhat longer than the upper 
side, and the pressure of the gases when the gun is fired tends 
to press the chamber down in its place. The axis, D, is made 
with a screw in the centre, whilst the hole in the chamber is 
fitted with a steel bush correspondingly tapped. The ends of 
the axis, D, are square, and are held in slots formed in the sides 
of the piece, E, into the front of which the rear end of the barrel 
is screwed; the slots just mentioned being enlarged at one end in 
order to allow of the axis being introduced into its place. The 
hind or tail end of the chamber, A, is formed with, a spiral 
feather of the same pitch as the serew on the axis, D, this feather 
fitting into a corresponding groove in a piece placed behind it, 
and which is shown separately in Fig. 3. Behind the piece just 
mentioned is placed a wedge-piece, F, which, by means of the 
two screws shown in the longitudinal section, can be lowered or 
raised, so as to cause the chamber, A, to be pressed more or less 
closely against the rear end of the barrel, this adjustment being 
rovided to take up any looseness caused by wear. From the 
description above given it will be seen that, when the chamber 
is moved from the raised position shown in elevation in Fig. 1 to 
its closed position at the end of the barrel, it has a slight side 
motion given to it by the action of the screwed axis and the 
spiral feather at the rear end, and, as the end of the barrel is 
cut to the form of the surface of a cone having its axis coincident 
with the axis, D, and the end of the chamber is made to fit it, 
this side movement presses the chamber and barrel closely to- 
gether, and makes a tight joint. 
The chamber is raised to receive the charge, and lowered into 
its position at the end of the barrel by means of the lever, C, 
which is hinged to it as shown. ‘This lever, which, when the 
chamber is down, forms the trigger guard, turns on the fulerum 
pin, G, and is furnished with a slot through which this pin 
passes. ‘The action of this lever will be readily understood by 
tracing out its various positions as shown in Fig. 1, from which 
it will be seen that, as the chamber is brought from its open to 
its closed position, the forward arm of the lever gradually 
shortens through the slot sliding on the fulcrum, and the person 
using the gun is thus enabled to exert a more powerful pressure 
to close the breech. When the lever has been into its position 
against the underside of the stock, it is held there by the catch, 
shown in Fig. 1, and the click of this catch gives evidence of the 
breech being closed. When the chamber is raised to receive the 
charge, the nipple comes in contact with the hammer, as shown 
in Fig, 1, and raises it to either full or half cock as may be 
desired. We may mention that the gun was designed by Mr. 
Petito in order to overcome some objections which had been re- 
ceived by the Italian Minister of War to the breech-loading 
carbine of Signor Torre. 








MACHINERY EMPLOYED FOR SINKING 
ARTESIAN WELLS. 


Tue art of boring artesian wells, although practised by the 
Chinese as early as A.D. 300, is of comparatively modern 
date in European engineering. The first well of this kind, 
which was executed to a great depth, and which directed public 
attention to this subject, was the artesian well at Grenelle, made 
by M. Mulot for the city of Paris. This was commenced in the 
vd 1832, and required more than eight years of incessant 
abour for its completion at a depth of 1797}{t. Subsequent to 
this many wells of great depth have been bored in the Rhine 
provinces, in Belgium, the north of France, and in the north of 
Africa, and also in England, for different purposes—viz. the 
supply of water to towns, or for irrigation, the attaining of brine 
spring, or the sinking of shafts for coal mines. 

The earlier borings were all of small diameters. The well at 
Grenelle, for instance, was only about 8in. in diameter, and 
this size was not much exceeded by other borings of the earlier 

riods. Mr. Kind first attempted to apply the system of boring, 
in which he had made considerable improvements, to the sinking 
of larger shafts, and having succeeded in executing some very 
important works of this kind, he was entrusted by the munici- 
pality of Paris with the execution of the great artesian well at 
Passy, which was commenced in 1856, with a bore of 3 ft. 3 in. 
in diameter, and completed in 1861 at a depth of 1913 ft. The 
accidental difficulties in the construction of this well necessitated 
the application of wrought-iron tubing within the original bore, 
which reduced the diameter to 2ft.4in. The yield of this well, 
soon after completion, was 3,795,000 gallons of water per day, 
and its total cost of construction was about 40,0004. 

The successive progress of the art of well boring required 
considerable changes and improvements in the different ap- 
pliances and tools used for excavating. 

The earliest method applied was the same as practised in 
China. The cutting tool was fastened to a rope passing over a 
pulley, and acted upon the rock or other material to be bored 
through by its fall from a distance, to which it was raised by 
hand by means of the rope. This rope also, by its resistance to 
torsion, gave the necessary rotatory movement to the tool after 
each successive stroke. 

The first improvement upon this original method of boring 
was introduced by M. Fauvelle. It consisted in the application 
of a current of water for the removal of the débris produced by 
the cutting tool from the bottom of the bore. For this purpose 
a narrow tube was passed down the centre of the bore, and a 
rapid current of water maintained through it. This method of 
clearing the bore answered well in shallow borings, but with 
great depths it was found to be attended with such disadvan- 
— that it has been generally abandoned. 

method next introduced is considered to be the ordinar 
system of well boring at present in use on the Continent. It 
uses special tools for the removal of the detritus made by the 
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VENTILATING GRANARIES.—At Porto Vescovo, the Austrian 
military engineers have erected a large ventilating granary upon 
the patent of Devaux, a Frenchman, and one of his granaries 
has also been constructed on the banks of the Thames, at 
Rotherhithe. The granary at Porto Vescovo contains 130 
chambers, 46 ft. high and 7% ft. square, made of iron plate 
pierced with small holes over its surface. Each chamber has a 
central perforated iron cylinder, and a blast of air can be driven 
in when required, and even without this there is a constant 
natural draught through the grain. A mill and mechanical 
bakery are attached to this granary, and the grain is not 
touched by hand until it comes, ed into loaves, from the 
oven. 

Fatat Borter Expioston.—The boiler supplying steam 
to a four-ton hammer in Chatham Dockyard exploded on Friday 
morning last, killing two men and injuring from twenty to 
thirty others. The boiler is reported to have been well made of 
good iron, but it is believed that it was short of water when it 
urst. A full inquiry will be made. 
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Tue Roya Scuoon or Mines.—The course for 1866-67 
commences on the 1st of October, under the professorships of 
Dr. Frankland, Dr. Percy, Professor er i . W. W. Smyth, 
and Professors Ramsay, Willis, and Tyndal 

EcoyomicaL Ratpway Workrya.—The report of Mr. W. 
Johnstone, the engineer of the Glasgow and South-Western line, 
states that the receipts for passenger traffic per train mile, 
during the last half-year, amounted to 8s. 4}d., and the ex 
to 1s. 3d., showing a profit of 2s. 13d. per train mile. The re- 
ceipts for goods and minerals amounted to 3s, 114d. per train 
mile, and the expenses to Is. 44d. per train mile, showing a 
profit of 2s. 63d. _ train mile. ih 

LicutninG Ficures.— Professor Tomlinson, of King’s 
College, points out, in a letter to the Times, that the apparent 
impression of a tree in miniature, so often observed upon the 
bodies of rsons killed by lightning while standing under trees, 
are in reality } egg | by all electrical discharges whether of 
lightning or from a Leyden jar, and that they have no con- 
nexion with trees. 
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BORING TOOLS. 
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cutting tool, and both kinds of tools are worked by means of 
solid iron rods connected with each other and with the upper 

rt of the machinery by screw joints and wedge couplings. 
fhe machinery is frequently worked by steam power. A 
wooden balance beam is acted upon on one side by the piston 
rod of a single-acting steam cylinder, and is connected at the 
other end to the solid iron rods carrying the tools at the bottom 
of the bore. Each downstroke of the piston lifts the whole 
weight of the boring tool and rods, the steam is then allowed to 
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escape and the tool with its append iges descends by gravitation. 
The method has the inconvenience of increasing the weight of 
the moving mass connected to the tool with the increasing 
depth of bore. In cases where the excavation is very deep, 
there arises a considerable difficulty in transmitting the blow, in 
consequence of the vibration produced in the long rod, or in con- 
sequence of the torsion. To obviate this difficulty, some well 
borers have used hollow rods, which have a greater lateral 
re — e; some also used hollow rods fill§d with cork. 
Enyenhausen also introduced a loose or sliding joint 
mi the cutting tool and the rods operating upon the same. 
This joint consists in an arran gement of clips similar to those 
regulating the fall of the “‘ monkey” in a pile-driving machine, 
and it allows of regulating the fall of the working tool to great 
nicety, while, at the same time, the weight of the falling mass is 
ndependent of the length of rods used for connexion with the 
mac hinery above the well. 

Upon these modes of boring Mr. Kind made further improve- 
ments, Which are embodied in his system of well boring. Mr 
Kind uses rods of oak for the transmission of the blows to the 
tool; he thereby obtains greater rigidity and strength than by 
using iron rods of the same weight; he also is enabled to coun- 
terbalance these wooden rods more exac tly when they are work~- 
ing in water. Mr. Kind selects straight-grown trees of the re- 
guisite diameter, in preference to cut timber, on account of the 
Ganger of warping in the latter. These trees are used in lengths 
of about 50 ft., and coupled together by wrought-iron joints 
(Fig. D. The upper end of is connected to the 
balance beam by a chain passing over its end, and has a screw 
coupling to allow » descent of the tool as the operation 
proceeds (Figs. 2 and 3). In the workings at Passy, the 
was supported upon open plummer blocks, in order to be readily 
removed for changing the tools. The valves of the steam cylin- 
der were worked by han:!, similar to those of a steam hammer, 
and a counterpoise ce the weight of the connecting rods 
and touls was applied upon the cylinder end of the beam. A 
separate engine was employed for the operation of raising and 
loweri n@the rods and of changing the tools, 

Mr. Kind’s cutting tools represented in Figs. 4, 5, 6, 7, 
8, 9,10. They consist of mg wrought-iron framings con 
taining a series of exchangeable cutters of steel, and are provided 
with guide bars or crosses at some distance the cutters in 
order to insure a straight vertical motion of the whole. Fig. 11 
shows the spoon used by Mr. Kind for the removal of the detritus 
from the bottom of the excavation. It consists of a cylinder 
of wrought iron suspended from the rods by a frame, 
to the latter a little below the centre of gravity, so as to be 
easily upset when loaded. The bottom of this cylindrical ves 
sel consist of two valves opening hniwards, and allowing the 
materials left by the cutting tool at the bottom of the bore to 
force themselves into the interior of the vessel during the gra- 
dual descent of the latter. Figs. 12 and 13 represent the 
sliding point as used by Mr. Kind. The tool is held by a pair 
of clips, when the rods are moving upwards, the column of 
water above the tool, reacting upon & disc, fastens the clicks in 
the upstroke and releases it at the beginning of the downward 
motion, 

The working of these tools at Passy pro-eeded at the rate of 
about 15 to 20 strokes of the cutter per minute. The rate of 
descent varied according to the nature of the rock operat n 
but, generally speaking, the boring was continued for about 
eight hours at a time, after which the spooa was let down to 
remove the débris. The average number of men employed 
in this operation was 14. The total time in sinking shafts of 
this kind is generally subdivided in the following manner: 
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For maneuvring the boring tool ... 45 per cent. to 56 per cent. 
For raising and lowe ring thetools... 144 ,, toll es 
For removing materials and cleaning 21 o- to 19 
For loss from accidental stoppages 105 ,, to 8 

With those working at Passy some borings made by Mr, 





Homersham, in this country, with Messrs. Mather and Platt’s 
machinery compared very favourably. A boring at the bottom 
of a well in Middlesborough was made through the red sand- 
stone to a depth of 1132 ft., at the rate of about 2 ft. 14 in. per 
day. The machinery emp sloy ed consisted of a boring head 18 in. 
diameter, hung by a rope passing over a pulley and connected 
with the piston-rod of a steam cylinder. The steam acting on 
the top of the piston raised the boring tool, and upon allowing 
the steam to escape the boring head ‘descended. The force of 
the blows was regulated by adjusting the escape of the waste 
steam from the “cylinder. The rotating motion of the boring 
head was effected by a slight twist given to the rope at each 
stroke; the ropein regaining its position during the upstroke 
turned the boring head slightly round. The débris were cleared 
out by a shell pum 

The tendency zr recent progress has been to increase the 
sizes of the borings. From the diameters of 6 in. or 8 in., 
which used to be considered enormous, we have arrived at 
diameters of 14 ft. as executed by M. Kind, and still larger bor- 
ings are considered practicable. Our illustrations, and much of 
the information given above, have been obtained from a paper 
read by Mr. G. K. Burnell to the Institution of Civil Engineers. 





RECENT PATENTS. 

(No. 3268, 8d.) Henry Planck, of Manchester, 
patents an apparatus for regulating the temperature of 
a gas flame. The gas is made to pass under the edge 
of a diaphragm, below which is a reservoir containing 
mercury. When the temperature becomes too great, 
the expansion of the mercury closes, partly closes, 
the passage under the diaphragm, a small hole being 
made through it, however, at a higher level so as not 
to stop the entire supply of gas. 

(No. 3269, 3s. Sd.) The late R. A. Brooman, as 
the agent for Julian Belleville, of Paris, patented a very 
elaborate water-tube boiler, of which the drawings 
show several varieties for fixed, marine, and locomo- 
tive engines. ‘There is much in it resembling J 
and Benson’s water-tube boilers, without, however, 
the artificial or forced circulation of the water. 

(No. 3275, 6d.) A. McEvoy, of 28, Bedford- 
square, patents a mode whereby, as he alleges, the 
explosion of a shell may be timed to a few minutes or 
even hours or days after firing. The shell contains a 
small glass phial of sulphuric acid within a zine case, 
which in its turn is surrounded by a mixture of 
chlorate of potash and sugar. ‘The phial is to break on 
striking, the acid is then to eat through the zine, 
when it will ignite the bursting charge. Practical 
men will see many difficulties in the way. 

(No. 3278, 8d.) E. A. Dana, of Brookline, Massa- 
chusetts, U.S., patents an expanding sabot on the rear 
of a projectile, the sabot being forced into the grooves 
of arifled gun. The sabot is a soft metal ring, to be 
forced forward, by the powder gas, along a conical 
bearing, and to be thus expanded to take the grooves. 
The sabot is made to lock fast upon the projectile; so 
as not to come off while in flight over friendly troops. 

(No. 3288, 10d.) William Clark, of 53, Chancery- 
lane, as the agent of Dr. Solomon Andrews, of Perth 
Amboy, U.S., patents the flying-machine of which 
something has lately been heard in this country, The 
balloon may be compared to an inflated pillow-case, 
and when placed horizontally it will rise or fall verti- 
cally, or float merely, ace ording to the adjustment of 
the ballast. But when by the adjustment of the 
lengths of the suspending-rods the balloon is inclined, 
the combined action of gravity and the atmosphere is 
to carry it onward in rising or falling slopes, according 
to whether the front end is higher or lower than the 
other. Dr. Andrews has, we understand, made trials 
of his balloon with considerable success. 

(No. 3289, 1s. 2d.) Thomas Rickett, of 16, Upper 
Barnsbury-street, Islington, patents machinery 
rolling gun barre ls, but which appears to be much the 
four grooved 
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same as Prosser’s tube-rolling machinery, 
rollers being made to take the whole circumference 
the tube. 

(No. 3291, 2s.) Michel Siégrist, of 12, Montpelier- 
street, Brompton, repatents the often proposed and 
patented disc signal for railway passengers, as also a 
series of speaking-tubes and whistles with which to 
communicate with the guard. 

(No. 8292, 1s. 8d.) William Clark, of Chancery- 
lane, agent of A. 8. Lyman, of New York, 
patents purifying ind cooling air for apartments. The 
air is first to pass through lime to absorb its moisture, 
then through charcoal, and, finally, down through a 
reservoir of ice, whence it is to be let into the apart- 
ment, and especially into sick-rooms. 

(No. 3293, 4d.) The law officers are getting into the 
habit of refusing provisional prot etion when they 
think the invention is absurd upon its face. Here is a 
specification by Professor Gamgee for ing” (in the 
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sense of preserving from putrefaction) tle bodies of 
living animals, by feeding and washing them with 


(No. 3295, 8d.) F. L. and C. Hancock, 
Dudley, pateut propeller blades of a circular or semi- 
circular form. 

(No. 3297, 1s. 2d.) W. F. Cooke, of Aberia, near 
Carnarvon, North Wales, and George Hunter, patent 
a tunnelling machine. Cutting tools are to be mounted 
on the front edges of two hollow cylindrical revolving 
rims or hoops, placed side by side, and parallel with the 
axis of the tunnel, so as to cut a double gallery at once. 
These rims or hoops are to be mounted upon a framing 
on, wheels, which is to be moved forward as the cutters 
work into the rock. When the cuts have been made to 
a depth equal to the breadth of the rims or hoops, tix 
machine is to be withdrawn, and the rock broken out 
and removed. A central borer may be fixed in each 
rim or hoop, so as to advance into the rock simultane- 
ously with the cutters on the hoop, and a charge of 
gunpowder may afterwards be placed and fired in this 
hole. In 1852, a machine upon this principle was tried 
for the boring of the Hoosac tunnel, 43 miles in length, 
in Massachusetts, United States. A single circular cast- 
iron hoop or rim, 24 ft. in diameter, a und 6 ft. broad or 
long in the direction of i its axis, was mou with a 
series of freely revolving disc cutters, 12 in. in di neter, 
arranged around its rary edo Thi s hoop overhung, 
in front, a long and strong central shaft, supported in 
bearings upon a heavy cast-iron carriage, rolling on 
four 6{t. wheels on a tramway of 12 {t. gauge. A 
central spindle or borer projecting from the shaft was 
to bore a hole 6 in. in diameter and 6 ft. deep into the 
rock, while the dise cutters on the edge of the hoop 
were cutting a groove 24 ft. in diameter, 1 ft. wide, 
and 6 ft. deep, to form the inner surface of the tunnel. 
When the machine driven by a steam engine had ad- 
vanced 6 ft., it was to be withdrawn to a safe distance, 
and a charge of powder fired in the central hole to 
break out the rock to the rim. ‘lhe broken tock was 
to be taken out in trucks under the framing of the 
machine, which was then to be again moved forward 
and worked as before. ‘The machine was tried, but 
the dise cutters did not act satisfactorily, and the ap- 
paratus was soon abandoned. 

(No. 3299, 8d.) William Boggett, of Lindsey-row, 
Chelsea, patents electrical conductors, in which the 
copper wire is to be first rolled into two semicircular 
wires, one having a longitudinal groove, and the other 
a corresponding feather or ridge- on the flat side, to 
steady them together when formed into a single cireular 
conductor. ‘The object isto obtain the advantage of a 
conductor having two or more strands, without the 
large inductive surface presented bya number of wires. 
In another plan a strand of sever ral wires is to be en- 

closed in a single copper tube. 

(No. 3300, 8d.) H. A. Bonneville, of 38, Porchester- 
terrace, Bayswater, as the agent of A. Galy-Cazelat, 
of Paris, patents the use of steam in pudaling, mue h 
as eo and patented years agé by James Nasiiyth. 

(No. 3302, 8d.) William Barnsley, of Stockport, in 
om to avoid the projection of the stitches of lacing 
leather for driving-straps, forms;by means of dies, in- 
dentations on the working face of the belt at and, 
around the holes made for the lacing lea ther er. 

(No. 3303, 6d.) George Davies, of 1, 
Lincoln’s-inn-fields, patents, as a communic cation, 

adjustible shield around gas-burners. It can be 
but only by the exertion 6f some force and with some 
pains, to permit a given flow of gas, and is intended to 
prevent the waste of gas by servants. 

(No. 3305, 6d.) J. W. Blackman, of Gravesend, 
patents a water space around an iron safe. ‘This bas 
often been patented before. In case of the fall of the 
safe in a fire, what becomes of the connexions supply- 


ing water ? 

(No, 3308, 1s. 10d.) W. Clark, of 53, Chancery- 
lane, patents, for George Bender Whiting, of Brooklyn, 
New York, a form of ry wn go in which the 
cylinder is made annul: w, it having an inner tube or 
trunk which is used as a Ae am chest, and is fitted with 
piston valves. ‘The steam is led into, and out of, the 
central trunk through passages formed in the cylinder 
covers. The patent also includes a form of ‘adjust- 
able eccentric, by which the point of cut-off can be 
varied, or the engine reversed. 

(No. 331 1, 10d.) L. D’Aubreville, of Paris, patents 
a loom having two reeds and shuttle-boxes, one above 
the other, in the same slay, and further arrangements 
to permit of weaving two pieces of cloth at the same 
time. 


(No. 
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“ 
Captain Anderson, of the Great 
Eastern, patents an apparatus whereby the bottom of 
a vessel, under water, may be examined, cleansed, and 


3313, 2s.) 


repaired. We cannot clearly describe this apparatus 
in words, but we shall give an illustration and descrip- 





antiseptic and other preservative substauces ! 


tion in our next number. 
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(No. 3314, 10d.) Edward Deane, of Arthur-street, 
London, patents the stiffening of tubular plate-iron 
struts, columns, &c., by means of longitudinal plate- 
iron partitions dividing‘ them into longitudinal cells. 
Mr. Fairbairn made and published many experiments 
upon tubes so strengthened, = we believe, indeed, 

his patent of 1846 covers their use. 
mMiNo. 3391, 4d.) Samuel Chatwood, of Bolton, 
takes out a “ fighting patent” for forming safe doors of 
nearly all possible combinations of iron and carbon 
cast iron and steel, homogeneous metal, wrought iron 
&c. This belongs to the worst class of obstructive 

ts. 
an . 3322, 10d.) H. A. Dufrene, of Paris, patents 
a mode of working railway carriages around curves of 
very short radius. Each wheel, to be madevery broad, 
is to have its breadth divided into two or more 
divisions, of diameters successively diminishing from 
the inner to the outer face, the wheel being formed, in 
fact, like the cone pulley of an engine lathe. Where 
curves occur in the railway, extra rails are to be laid, 
and to a height to suit the particular “step” of the 
wheel required for the radius of the curve. This was 
patented forty-one years ago by W. T. James, four 
years afterwards in America by Joseph Wright, and in 

france, in 1830, by Laignel. * 

(No. 3328.) Dwyer and Moon patent a neat perpetual 
motion, although it is not described by that title, nor 
would the motion be even temporary, much less 
perpetual. It is the old idea of driving a carriage by 
the pressure of its own weight upon a series of plunger- 
pumps in the rim of the wheel. 

(No. 3330, 10d.) H. D. Hoskold, of Cinderford, 
Gloucester, and W. B. Brain, patent a double-acting 
mine pump. The barrel is of more than twice the 
length of the plunger, which works within an internal 
stufling-box in a partition dividing the barrel in two. 
The plunger acts both ways, as, instead of coming 
through the cover of the upper half of the barrel, it is 
connected to a smaller rod, which works through a 
stufling-box. Mechanically, this arrangement has no 
advantages, that we can see, over a double-acting 
pump of the ordinary construction, with a piston work- 
ing in a cylinder. 

(No. 3332, 10d.) Captain Webb, lately Mr. Rams- 
bottom’s principal assistant ‘at Crewe, and now of the 
Bolton Steel Works, patents improvements in steel 
crossings, which we have illustrated in another column. 

(No. 3336, 10d.) Lones, Brettell, and Vernon, of 
West Bromwich, patent a mode of rolling railway 

axles which touches upon A. V. Newton’s patent 
(Cooper’s), No. 2904, a.p. 1865. It is for rolling 
collars upon axles, the axle being placed between and 
parallel with the rolls. 

(No. 3338, 1s. 4d.) Joshua Fisher, of Liverpool, 
patents furnaces in which a bottom of fite-bricks takes 
the place of the grate, the air coming in through open- 
ings at the sides. Not new. 

(No. 3342, 8d.) Joshua Rea, of Liverpool, patents 
a lubricator for the journals of shafting. A pump of a 
construction shown is employed to lift oil from below 
to above the journal, over and down which it flows 
again to a reservoir beneath. The oil is to be strained 
as it falls through moleskin cloth. 

(No. 3345, 4d.) James Young, Jun., of Limefield, 
N.B., patents heating and distilling hydrocarbon oils, 
under a pressure of, say, 100lb. per square inch, 
whereby it is stated their specific gravity is lessened 
and their properties altered. 

(No. 3346, 6d.) Samuel Griffith, of Greenwich, 
patents a mode of arranging two drums over which to 
pay out telegraph cables. Instead of their axes being 
parallel, théy are slightly divergent, so that the coils of 
the cable run clear of each other, over the drums, with- 
out the separating “ knife ” being required. 

(No. 3350, 8d.) Norman W. Wheeler, of New 
York, patents a mode of coupling a pair of engines to 
a single crank, although, as there is nothing to get 
over the dead centres, we do not quite see the object of 
the contrivance. The pistons of the two engines are 
to work as if they were coupled to cranks at 
right angles to each other, yet the whole advantage 
which this arrangement of two pistons effects in ordi- 
nary engines—that of turning the dead centres—is 
sacrificed. 

(No. 3351.) This also is a patent of Mr. Wheeler’s 
for a contrivance for freeing surface condensers of 
air. The patentee’s description of it occupies a great 
pace, and would require Ni a to make it intel- 

ible. 

(No. 3352, 8d.) This patent, too, is Mr. Wheeler’s. 
It is for so forming the decks of vessels that they may 
aid in stiffening the hull of the ship. They are to be 
arched fore and aft. Raised oe a or “ hurricane 





decks,” are to be connected by quadrant curves with 
the sides of the ship; but Mr. Wheeler will find, 
when he comes to England, that this is often done here 
already. 

(No. 3353, 10d.) This is a piston and lubricator 
by Messrs. Brookes, of Sheffield, the latter illustrated 
in our columns, January 26th last, vol. i. page 63. 
The piston appears to be a near relative of Good- 
fellow’s. 

(No. 3357, 4d.) C. F. Varley, electrician to the 
Atlantic Telegraph Company, patents the use of a 
single eens orgold wire in a strand of copper wires 
in an electric cable, so that if, from a fault, the copper 
wires are eaten through by electrolytic action, the 
platinum or gold wire will remain. Gold or platinum 
wire is to be coiled around the splices also. In long 
cables the conductor is to be of decreasing diameter 
towards the mid length of the cable, and the insulation 
is to be thickened. The conductor is to be insulated 
with woollen fabrics, treated with Chatterton’s com- 
pound, 

(No. 3358, 8d.) The late R. A. Brooman patented 
an engine to work by ammoniacal vapour instead of 
steam. 

(No. 3362, 1s. 10d.) William Harrison and Thomas 
Walker, of Blackburn, patent an apparatus for turning 
loom cranks, and another for boring small “ bushes ” 
for machinery. 

(No. 3365, 8d.) J.J. and E. Harrison, of Brough- 
ton, near Manchester, patent the application of an 
eccentric friction wheel, or eccentric “ swell,” in the 
back of the shuttle-box of looms. As the shuttle 
meets this wheel, the latter is to turn slightly, and thus 
“bind” the shuttle, and it is to “give” in the opposite 
direction as the picker sends the shuttle off. The ob- 
ject is to save power in throwing the shuttle. The 
eccentric swell is to be connected to a stop motion, so 
that the loom shall be at once thrown off if the shuttle 
“ floats.” 

(No. 3366, 8d.) Thomas Watson, of Accrington, 
patents details of the tappet motion of looms, designed 
to give a more “even shedding” than, as he appears to 
consider, now prevails, 

(No. 3367, 10d.) James R. Napier and Professor 
Rankine, of Glasgow, patent a rudder for screw 
steamers. The fore edge of the rudder is to be so 
formed that, when the rudder is amidships, the surfaces 
near the fore edge shall be tangential to the streams of 
water thrown off obliquely by the screw, while the 
after edge of the rudder shall be in the same direction 
as the keel. No description will suffice without a 
drawing or, still better, a model. 

(No. 5369, 10d.) Andrew Barclay, of Kilmarnock, 
N.B., patents a vertical boiler. An enormous Field 
tube projects down from the tube-plate into the fire- 
box; there are a number of bent water tubes extending 
from the tube-plate down through the firebox into the 
side water spaces, and the products of combustion are 
taken off through openings in the sides of the boiler 
into an annular smoke-box surrounding if. 

(No. 3381, 8d.) J. S. Gisborne, of Liverpool, 
patents ship telegraphs or signals from the bridge to 
the engine-room. ‘The arrangement is one of steel 
bands, or chains working over pulleys of equal 
diameter. And as the pulley at the sending end is 
adjusted to a message, the distant pulley at the 
receiving end, being of the same diameter, takes a 
corresponding position, and shows “ stop,” “ ahead,” 
or “astern,” according to the arrangement adopted. 








BurstinG or A Reservork AT OLpHAM.—On Thursday 
last a failure occurred in the Brushes Clough reservoir, one of 
the series which form the waterworks system of Oldham, lying 
between that town and Rochdale. The water escaped through 
a culvert situate at the base of the embankment, and descended 
into the'valley below with great force, flooding a mill and 
several houses at a place called Crompton Fold. The water 
continued to escape in a great volume until the following morn- 
ing about 6 o’clock, when the reservoir became exhausted. 
Owing to the recent heavy rains the reservoir was filled, and, 
in addition to the water escaping over the by-wash, a culvert 
was opened, and the feed-water diverted to another reser- 
voir. A number of workpeople were speedily obtained, and 
the flood was diverted from its first course, and to this 
is due the saving of some houses from destruction and a 
colliery from inundation. The reservoir is 45 ft. deep to the 
discharge-pipe, and covers an area of five acres, with a capa- 
city of 40,000,000 gallons. Itis supposed that a ledkage at the 
interior end of the compensation supply-pipe caused the 
masoury face of the culvert to give way, and a rupture of some 
yards in extent was made in the embankment. The bottom of 
the culvert is torn up, but the arched stone top fortunately re- 
mained firm. The reservoir has been made about ten years. 

SwepisH Monrrors.—Captain Ericsson, himself a Swede, 
has designed three monitors which have been built at Motala, in 
his native country. They are of the latest American pattern, 
and one, if not all, mounts two 15 in. guns in a turret plated 
with twelve 1 in, plates. 


“ LOOSE WRITING.” 


Tuose of our readers who are interested in the im- 
provement of marine engines will be able, after care- 
fully comparing the following extracts, to decidé as to 


which may be designated as “ loose writing :” 


From Eneoingerie of August 31. 

There is A MODE by which high- 
pressure steam might, perhaps, be 
gradually introduced on shipboard, 
without the risk of disabling the 
ship in case of any of the high- 
pressure machinery going wrong. 
THis mMope, which, we believe, 
has never been tried, nor even 
proposed, is as follows :—Any 
approved high-pressure boiler, 
equal to the supply of, perhaps, 
one-fourth or one-third of all 
the steam required, might be put 
down in the ship, and worked to 
100 Ib., or even 130 Ib., the boiler 
being supplied with fresh water 
from a surface condenser, the 
water being, however, gradually 
changed to prevent corrosion. 
The steam from this boiler might 
be worked in a high-pressure 
non-condensing engine, and cut 
off at, say, from one-third to 
one-half stroke, so that the final 
pressure in the cylinder should 
not be less than that in the low- 
pressure boiler, into which, or 
into the low-pressure engine, the 
high-pressure engine would ex- 
haust. A considerable additional 
power might be thus obtained, 
and almost without any expen- 
diture of fuel whatever, as no 
doubt the majority of our readers 
will see, without any explanation 
on our part. The steam thus 
worked would be worked over 
again in the ordinary low-pres- 
sure engine, and do full duty 
there, and it would replace steam 
to raise which would otherwise 
have required nearly the same 
amount of fuel in the low-pres- 
sure boiler, the difference being 
that only due to the liquefaction 
of a small portion of steam in 
work in the high-pressure cylin- 
der, and to the loss of heat by 
radiation. The steam in the low- 
pressure boiler, including that 
exhausted from the high-pres- 
sure engine, would be super- 
heated and worked expansively 
us in the best existing engines. 
Should anything go wrong with 
the high-pressure machinery, the 
ship could still go on with the 
low-pressure boiler and engines 
alone, of course at a diminished 
speed, corresponding to the dimi- 
nution in the power. But even 
did the high-pressure engine in- 
dicate one-half of the total power 
of the vessel, the diminution in 
speed should not exceed about 
one-fifth of the full speed due to 
both engines. The objections to 
this mode of working would be 
that of additional complication, 
and of divided attention, yet it 
might prove that the saving 
effected would form a sufficient 
compensation. 


From Tuer Enereer of Sept. 7. 
Not long since we encountered 
an amusing proposition spring- 
ing from an American source, 
to the effect that marine engi- 
neers would do well to use a 
small high-pressure boiler in 
conjunction with the ordinary 
low-pressure boiler. “The steam 
“from this boiler might be 
“ worked in a high-pressure non- 
* condensing engine, and cut off 
“at, say, from one-third to one- 
“half stroke, so that the final 
“pressure should not be lower 
“than that in the low-pressure 
“ boiler, into which or into the 
“ low-pressure engine the high- 
“pressure engine would ex- 
“haust.” Weare not told exactly 
what advantages would follow 
from introducing the exhaust 
into another boiler rather than 
into the low-pressure engine at 
once. Asa rule, engines are not 
placed in boiler-rooms at sea, 
and it therefore happens that 
some 20 ft. or 30 ft. or even 50 ft. 
of steam piping are usually re- 
quired to connect the cylinder 
with the boilers, It is, of course, 
avident to any one possessing the 
least practical knowledge of the 
subject, that a proposal to lead 
the steam first from the boiler- 
room to the engine-room, and 
then back to the engine-room 
again, involves a ridiculous error. 

But a blunder precedes this 
proposal, which is even more 
amusing. The writer coolly pre- 
faces his valuable suggestions by 
saying, “This mode, which we 
“ believe has never been tried or 
“even proposed, is as follows.” 
If this, taken with the context, 
means anything, it explicitly im- 
plies that the writer is the first 
“ to propose” the construction of 


a compound engine, or else “to . 


propose” that a compound en- 
gine should be used for marine 
purposes. Such a statement re- 
quires no comment. It manifests 
an ignorance of the histoty of 
not alone of the marine engine, 
but of the steam engine in gene- 
ral, which is sublime. Loose 
writing, however, will cover a 
mui!titude of sins, and it is there- 
fore possible that the novelty 
of the proposal only refers to ex- 
hausting the steam from the 
high-pressure cylinder into the 
main boiler. If this is the case 
we feel certain that no engineer 
possessing anything like a cor- 
rect knowledge of his profession, 
will dispute the proprietorship 
of the idea, It is beyond ques- 
tion perfectly original. The ma- 
rine engineer is competent 
enough to deal with his enemies, 
but he apparently requires a 
little protection from his friends, 


Our contemporary is again as unfortunate in its 
erjticism as in provoking criticism, As our readers 
will recollect, we had not long since to take it to task 
upon its ignorance or forgetfulness of the multiplication- 
table, and we must now remind it that the attention 





necessary to elementary arithmetic should not be 
permitted to interfere with its due study of Lindley 
Murray. By the laws of grammar, as well as engineer- 
ing practice, neither the construction, per se, of a 
compound engine, nor the application of such an 
engine to a steam vessel is “a mode whereby high- 
* pressure steam may be gradually introduced on ship- 
“ board, without the risk of disabling the ship in case 
“ of any of the high-pressure machinery going wrong.” 
The impossible construction professed to be drawn 
from “the context” is an achievement in Irish, and 
not in English, syntax. The reasons why the exhaust 
from the high-pressure engine should first enter the low- 
pressure boiler, and thus the superheater, rather than 
the low-pressure cylinder, will be clear to most of our 
readers who are acquainted with the principles which 
govern the economical use of steam. Indeed, it could 
only be exhausted direct into the low-pressure cylinder 
where the respective pistons commenced their strokes at 
the same time, and we should, as would most engineers, 
prefer that these pistons should be connected to cranks 
at right angles to each other, so as fo employ but two 
instead of four cylinders in all. When it is found that 
steam-vessels can rely wholly upon high-pressure 
steam, our proposed mode for its gradual introduction, 
along with low-pressure steam, will not of course be 
requisite. At present it requires no elaborate argu- 
ment to prove that an amount of power equal to that 
demslaand in the high-pressure engine, according to 
the proposed arrangement, would be obtained, practi- 
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cally, without any expenditure of fuel whatever. It is for 
The Engineer to form the only “ protection” of marine 
engineers against their “friends,” who would re- 
commend the means which, while effecting a —_— 
like this, would perhaps lead to the general and ad- 
vantageous use of high-pressure steam at sea. 








WATER SUPPLY. 


To THe Eprror or ENGINEERING. 


Srr,—In one of the quiet valleys among the wooded hills of 
Hertfordshire lies the little town of Hemel Hempstead. It is of 
the usual run of rural towns in agricultural districts, but little 
known save by its resident population and a few country squires, 
whose houses in parks of elm and beech trees'make the hill-sides 
cheerful. It grows slowly, and only on that side by which the 
London and North-Western Railway passes through Boxmoor ; 
but now a branch line is making up the valley to the town, and 
perhaps new life will come with it. 

A hundred towns are like it in the shires; there’s nought of 
interest unless it be the exquisitely graceful spire which rises 
from the Norman church tower 200 ft. from base to summit, 
and a few strange stories of Bluff Harry’s days, who, in his 
earliest kinghood, before the sack and many wives had told upon 
his manliness and conscience, loved to drive the big deer through 
the forests of elm and oak that stretched from Epping, by Stan- 
more, Hemel Hempstead, and Berkhamstead, right away to the 
Chiltern Hills. He gave this town a free market and a bailiwick, 
and, in return, the parish sticks his regal countenance on all 
parochial institutions. 

So much for Hemel Hempstead, with 10,000 inhabitants, one 
narrow main street, and several smal] streets branching from it at 
right angles, with cottages, stables, and hotel yards filling up the 
intervening spaces. A narrow mill-stream runs along the valley 
300 yards below the town. Now, sir, it so happened that on 
Monday morning last there seemed every probability of this 
town's destruction by fire. 1 quote the following from a London 


daily paper: 
* ALARMING Fire AT Hemet-Hemrsteap.—At two o'clock 
yesterday morning the inhabitants of this town were alarmed by 


the violent ringing of the alarm-bell and cries of ‘ Fire,’ the 
cause being that the premises of Mr. Lewin, tallow-merchant, 
had been discovered in flames. Owing to the miserable incom- 
petency of the local authorities, great fears were entertained for 
the safety of the entire town, the fire raging for nearly two hours 
before any water was procured. At last an engine from Berk- 
hampstead and another from a neighbouring iron-foundry came 
on to the spot, and the fire was ultimately subdued, but not 
before considerable damage had been done, both by fire and the 
pulling down of buildings. The scene was heart-rending in the 
extreme, as numbers of persons were obliged to leave their houses, 
and to pile their goods in the neighbouring churchyard. Had 
the wind been in any other direction, the whole town must have 
been destroyed. The wretched inefficiency of the local apparatus 
and its guardians should be a lesson to al communities similarly 
circumstanced. We believe that the sufferers are insured in the 
Phenix Fire Office.” 

After reading this on Tuesday morning, I took the 1 p.m. 
train from Euston to Boxmoor, and found the newspaper state- 
ment perfectly true. The fire was discovered about 2 a.m,, and 
was raging furiously for an hour and a half before the town 
engine could be brought to play upon it. Now I take it, this 
town’s fire engine is as well managed and ordered as the gene- 
rality of fire engines in rural districts. The chief of the brigade 
is an old agent of the Phenix Fire Office, and has seen much 
service for many years among blazing ricks and burning barns 
where ponds were handy and the crowd but small. But when 
the accident comes into the town at the dead of the night, and 
the crowd congregates in thousands, and the whole country for 
miles is reddened by the glare, the lofty spire standing out 

inst the black heavens like a beacon of molten gold, and 
rieking women are carrying their household gods into the still 
churchyard for safety, it takes nearly two hours to get the water 
from the mill-stream, 800 yards away, on to the flames, and 
engines from other towns 5 and 7 miles away arrive at the scene 
almost before the town engine is in gear. Now, sir, the point 
to which I wish specially to draw the attention of your readers 
is in continuation of my last letter to you on the water supply 
for small towns. In the spring of this year Hemel-Hempstead 
was induced to form a company for the erection of waterworks, 
and these are now in course of construction, and had they been 
completed both the misery and loss resulting from this fire 
might have been prevented. As it was, the luiling of the wind 
and the pulling down of buildings prevented the progress of the 
flames as much as the engines. But had the pipes of the water- 
works been laid, and the hydrants fixed, a hose could, imme- 
diately on discovery of the fire, have been screwed on to the nearest 
hydrant, and the great pressure from the reservoir on the hill- 
side would have been more than sufficient to have subdued the 

es in a quarter of an hour, 

It was the regret of numerous householders personally to me 
on Tuesday that the waterworks were not completed. 

_ Lam sure, sir, there are hundreds of towns in Great Britain 
similarly circumstanced as regards water supply in case of fire, 
and I feel convinced that this phase of the question of the com- 
poe eee be aa rs small towns is almost as imperative 
as that of giving the le pure water. Will you kindly insert 
this letter. and le , . 

Your ob»dient Servant, 
5, Great Winchester-street, Monracvue BEALE. 
Old Broad-street, E.C., Sept. 5th, 1896. 








CLosE-courLED Rartway CarriAGEs.—A collision oc- 
curred on Friday last between a Crystal Palace train and a 
train of empties, at the Victoria Station, Pimlico, The Crystal 
Palace train was made up of carriages with short buffers, the 
arrangement of close coupling now employed on the North- 

ndon, Greenwich, and other fines. But for the close coupling, 
it is believed that the Crystal Palace train would have been 
overturned, and many passengers killed. 





THE BELLEROPHON. 
To tHE Epiror or ENGINEERING. 


Sir,—The declaration with which, in your journal 
of the 7th inst., you commence your article on the 
Bellerophon, viz. “The letter upon the Bellerophon 
“in our last number, by Mr. Charles Atherton, 
“formerly chief engineer of the Royal Dockyard, 
“ Woolwich, deserves and requires answer, as it opens 
“ up—or rather the ship which he discusses herself 
“ opens up—one of the most important problems ever 
“ put before the public in connexion with our fighting 
“navy,” places the matter under consideration in a 
light which must divest it of all personalities. I have, 
therefore, to observe that your criticism applies only 
to your own inferential deductions from my arguments, 
which I do not acknowledge or admit as correct. For 
instance, I have not asserted that the highest coefficient 
of shipping performance necessarily indicates the best 
type of form for armoured ships: had this been my 
view, I should have noticed the _ me which vessel 
realised, in October 1858, the coefficient 297.4. The sub- 
stance of what I have asserted is, that in consequence 
of the Bellerophon being, as respects her coefficient of 
performance, nearly at the bottom of the list of all the 
armoured ‘ships as yet officially reported on by the 
Admiralty returns, the matter demands further investi- 
gation before the type of form of the Bellerophon can 
be regarded as mde of imitation, and I am confirmed 
in that view of the case by the fact that the Re- 
sistance, Defence, and Hector, vessels shorter than the 
Bellerophon, and with aless ratio of length to breadth, 
have nevertheless, as appears by the Admiralty returns, 
produced the respective coefficients 225.1, 203.5, and 
201.0, the coefficient of the Bellerophon being 167.3. 

Moreover, your criticism appears to me to manifest 
on your part an erroneous appreciation of the formula, 
in so far that you assume type of form as assigning 
actual dimensions, and thence inferentially attributing 
to me the absurdity that by my theory a ship 500 ft. in 
length would doubtless achieve “brilliant success.” 
Such is not my doctrine. The Great Eastern, a ship 
680 ft. in length, never achieved a coefficient of per- 
formance equal to the Himalaya of 340 ft., only half her 
length ; and in repudiation of the idea that “ brilliant 
success” necessarily implies a great ratio of length to 
breadth, allow me to ask what is the ratio of length to 
breadth of the Solferino, a French armour-plated 
vessel of very nearly the same displacement as the 
Bellerophon, viz. 7020 tons, and which, propelled by 
3720 indicated horse-power, attained the speed of 14 
knots, thus realising what I admit to be the “ brilliant” 
coefficient of dynamic performance, 270.43 ? 

As to the comparative “ nautical qualities” of the 
Warrior, Solferino, and Bellerophon, so far as respects 
their respective types of form, I leave. it for naval 
authorities to determine how far ‘the coefficient of 
dynamic performance as respects type of form may be 
made subservient to the attainment of other nautical 
qualities ; for my own part, however, I cannot accept 
the conclusion to which, in your advocacy of the Belle- 
rophon, you have been led, announcing the principle 
by which, as you say, the construction of armoured 
igo for the British navy is now principally guided, 
and which you enunciate in the following terms: 
“ So far, then, are we from thinking with Mt. . Ather- 
“ ton that this formula proves the Bellerophon to be a 
*** lamentable failure,’ that we consider her all the 
“ greater a success, because she gives a low coefficient 
“‘ when put into the formula in question.” 

Assuming, then, in accordance with this doctrine, 
that the lowest coefficient, by the formula referred to, 
indicates the best type of form for armoured ships, 
how happens it that you have not noticed the type of 
form of the Pallas, which, in this respect, surpasses 
even the Bellerophon, and should, therefore, occupy 
that distinguished position? for, as appears by M. Dupuy 
de Léme’s letter to the Zimes, dated Paris, 26th of April 
last, the Pallas, a ship of 3700 tons displacement, re- 
quired 3768 indicated horse power to propel the vessel 
at the speed of 13.057 knots, giving a coefficient of 
141.52, the lowest of all the armoured ships in the 
British navy hitherto officially reported on. 

I remain, Sir, yours obediently, 
Cuartes ATHERTON. 
London, 5, Whitehall, Sept. 12, 1866. 








To tue Epitor or EnerveeErine. 

Sir,—I believe no one has given more attention to 
the dynamic efficiency of ships than Mr. Atherton, or 
is more competent to discuss that question. Never- 
theless, in his letter to you about the Bellerophon he 
seems to have overlooked two points, which when he 
takes them into consideration, as I have no doubt he 








will fairly do, his judgment of that vessel will, I be. 
lieve, be less unfavourable. 
The first point is that Mr. Reed’s main purpose in 
the a of the Bellerophon was not to obtain 
ter dynamic efficiency than had been obtained 
fore, but to obtain more facility of evolution, even 
though it were at the expense of a little increase of 
engine power. The second point is that the locomo. 
tive efficacy of a vessel at any given speed is properly 
measurable not by her displacement in tons, but by the 
quantity of cargo she can carry, whether in the shape 
of guns or otherwise. It is plain that if we lengthen 
a ship at the ends, though we necessarily get more dis. 
lacement, we may not get more carrying power, but 
ess, since the sharp ends may not float themselves; 
and, indeed, a ship might be made so sharp that, 
although she had a large displacement, she could 
carry no cargo at all, the whole displacement being 
required to float the large quantity of iron entering 
into her construction. In this view the displacement 
is not the proper measure of efficiency, but the carry- 
ing power is the proper measure, and this substitution 
will correspondingly increase the dynamic efficiency of 
the Bellerophon, and Jessen that of the Warrior. 


Iam, &c. 
Sept. 10th, 1866. Joun Bourne, 








MONITORS AND THEIR HYPER- 
CRITICS. 
To tHe Epitor or ENGINEERING. 

Srr,—Having been from home, I have only just seen 
the letter of T. J. E. in your paper of the 31st August, 
repeating the statement of some other partizan writers 
that several of the monitor turrets were jammed and 
disabled in the attack upon Charleston. 

I have been told a very different story by persons 
who were there. But, whatever the truth may be, 
there is one plain rule of evidence which your readers 
will not ignore in coming to a conclusion on this 
matter, which is, that while anonymous arguments are 
as good as any other, anonymous statements of fact 
are of no weight whatever, and cannot possibly be 
accepted. 

I will not dwell on the futility of the inference that 
monitors will probably be sunk by ramming, use 
the original Monitor was rammed, though it is well 
known that this was done without effect. Nor is it 
necessary that I should show the strength as a girder 
of such monitors as the Dictator, from the application 
of a very strong top flange in the form of an armour 
shelf to balance the very broad bottom flange which 
the bottom of the ship constitutes. For, while to the 
bulk of your readers such proofs will be needless, to 
others, I fear, they will be unavailing. The faculty of 
perception who can supply? Beotian cavil, however, 
will not long hinder the penetration of the light of day. 


Lam, Sir, &c., 
Sept. 10th, 1866. Joun Bourne. 
[Are not the statements as to _—s anonymous, 


after all, on both sides P—Eb. E. 








RIVETTED JOINTS IN IRON SHIPS. 
To tHe Epitor or ENGINEERING. 

Srr,—Some weeks ago, you invited the attention 
of your readers to a proposal made by me, in papers 
read during the last few months, in London and Glas- 
gow, with the design of increasing the strength of 
partial and of complete iron decks in ships, by omit- 
ting butt straps in them. The proposal o— to 
have excited some interest among shipbuilders and 
engineers, and I have had the opportunity of learni 
the objections which their experience has suggested. 
Perhaps you will allow me now to state again, briefly, 
the principle involved in the proposal, and to attempt 
to remove the only objection which appears to me to 
have any force. . 
* In an iron stringer or deck there are lines of weak- 
ness across the beam rivet holes, caused by the re- 
moval of iron at the holes, and by disturbance and 
weakening of the remaining iron adjacent to the holes. 
In the spaces between the beams where there may 
only one butt to four or more plates, the unperfora 
iron in the plates not butted, between any two beams, 
is at least as strong as the section through the perfora- 
tions at the adjacent beams. A butt strap at the 
butted plates is therefore evidently unnecessary. 
is giving increased strength at a oe where there 1s 
already an excess of strength. Let us then, I say, 
leave the butt strap out. h 

The butt strap gone, we shall see, further, that the 
butted plates need not meet, and a further saving 
may be effected of a breadth of the butted plate as 
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long as about one-third the distance between the 
beams. The same principle may be applied to all the 
intervals, and we shall find the stringer plating com- 
pleted without any butt straps at all, while the weak 
places in the combination remain as strong as ever. 

In the papers referred to, I have gone on to show 
from experiment that the increase thus made in the 
number of weak places (none of them being weaker 
than the original minimum) increases the stretching 
power of the whole combination, and therefore the 
amount of work ~~?" to be done upon it to pro- 
duce rupture. Such a combination is therefore, I 
consider, better fitted to form the top of a girder sub- 
ject to sudden strains than one having the usual butt 
straps. 

ow comes in the objection. It is said, “it is 
“ true that such a combination will stretch more under 
“ the action of a given force than one formed in the 
“ ordinary manner, and also true that this increased 
“ stretching power will require more work to be done 
“ upon it to produce rupture; but this will be a dis- 
“ sdveniegs to the sheer strake, and will throw a 
“strain upon the sides of the ship, where it cannot 
“ well bear it.” In reply to this, I answer, first, there 
must evidently be some stretching of the deck plating 
before the sheer strake will be fairly put to work in 
tension. It must also be borne in mind that before 
the iron in the sheer strakes will receive any of the 
tension, it will give up its roundness between the 
frames, and will lengthen under the action of the first 
force communicated® by the stringer, by taking a 
polygonal instead of a curved form. When we further 
consider the very slight elongation which iron and 
steel plates will take after they have been perforated 
for rivets, I think it is doubtful whether under any 
circumstances the sheer strakes could be put danger- 
ously in tension until after the rupture of the iron or 
steel deck or stringer, and whether, with the present 
limited extensibility of the deck, the sheer strakes 
give them, so far as tension is concerned, any efficient 
support. 

Secondly : Should increased strain be thrown upon 
ihe sheer strakes by the increased extensibility of 
the deck plating under the proposed arrangement, the 
sheer strakes may have their own extensibility increased 
by the same arrangement. At present the weak places 
iu the sheer strakes, to which the extensibility is con- 
fined, aiid where rupture would occur, are at the 
frames. At about one half these points, viz., at the 
beams, which are at alternate frames, the deck also is 
weak, and at the other half strong. By reducing the 
strength of the deck at the strong places, for the pur- 
pose of increasing its extensibility, we at the same time 
set that of the sheer strakes free at the intermediate 
frames. 

Thirdly: But assuming that the extensibility of the 
deck is increased so much beyond that of the sheer 
strakes that these strakes give way under some severe 
strain, it is evident that a little more force would have 
caused the deck to give way had it been no more ex- 
tensible than the sheer strakes, and it is better to have 
received the warning by the sacrifice of the weaker part 
of the top of the girder than by the rupture of the deck, 
which is its main stay. 

Fourthly : Assuming that the extensibility of the 
deck-plating is increased so greatly that the sheer 
strake is endangered by it, the conclusion should be, 
not that we should allow the se to remain 
endangered from want of extensibility, but that we 
should ut our material into the deck, which is effi- 
ciently disposed for taking tensile strains, and not waste 
it in doubling or thickening the sheer strakes, which 
cannot be so well disposed. ; 

I am, Sir, yours faithfully, 
NaTHANIEL Barnaby, M.I.N.A. 
Tenby, South Wales, Sept. 10, 1866. 








GAS PURIFICATION. 

For some months past Mr. George Livesey has been 
testing on a large scale, at the works of the South 
Metropolitan Gas Light Company, an important me- 
thod, for which: he has obtained a patent, of desulphu- 
rating the ammoniacal liquor, the object being to employ 
the ammoniacal liquor so purified for the purpose of re- 
moving the sulphuretted hydrogen from the gas. It 
has long been known that caustic ammonia has a strong 
affinity for sulphuretted hydrogen, and some years ago 
Mr. Laming attempted to utilise this fact by taking 
the foul aunenieel liquor and passing it into a box 
containing oxide of iron, allowing it to stand for a 
short time, and then drawing it off free from sulphur. 
The liquor thus desulphurated was employed in a 
scrubber, and so far purified the gas that, on passing 
the latter through a vessel containing water only, it 
was found that the sulphuretted hydrogen had been 





completely removed. Experiments with this process 
were tried at the South Metropolitan and at the Great 
Central Gasworks; but, although the removal of the 
sulphuretted hydrogen was, we believe, effected, the 
mode of purifying the ammoniacal liquor by the use of 
the oxide of iron was an inconvenient one, and the pro- 
cess, therefore, did not come into use. 

According to Mr. Livesey’s plan, the desulphurating 
of the liquor is effected by the aid of a portion of the 
waste gases taken from the chimney stack, the present 
method of proceeding at the South ldsteopoliten works 
being as follows: A 5 in. pipe is inserted in the retort 
flue close to the chimney stack, and through this a 
portion of the waste gases are drawn away by the aid 
of an old exhauster, the 5in. pipe being of such a 
length, that before the waste gases reach the exhauster 
they are cooled down. From the exhauster the waste 
gases pass into a scrubber, 15 ft. 6 in. in difmeter and 
24 ft. high, filled with coke, where they are met by a 
descending stream of foul ammoniacal liquor distri- 
buted at the top in the ordinary manner by a couple of 
revolving perforated arms, or Barker’s mill. The 
active agent in the desulphurating process is the 
carbonic acid of the waste gases, which ye the 
sulphuretted hydrogen in combination with the am- 
monia of the liquor, and thus in place of caustic am- 
monia a carbonate of ammonia is obtained, which ex- 
periments have proved to be quite as effective in 
absorbing sulphuretted hydrogen from the gas as the 
caustic ammonia. We may mention here that the 
sulphuretted hydrogen set free during the process of 
desulphurating the liquor is conducted to the smoke 
stack and burnt, as its escape would otherwise consti- 
tute anuisance in the neighbourhood, but it is expected 
it will eventually be utilised. 

The desulphurated ammoniacal liquor obtained from 
the bottom of the scrubber just mentioned is then 
pumped up into elevated tanks, from which it is led 
into other scrubbers, and employed for the purifica- 
tion of the gas. A scrubber of the size above men- 
tioned has been found by experiment to be capable 
under favourable circumstances of desulphurating 640 
gallons of foul ammoniacal liquor per hour ; the aver- 
age rate of working is, however;less than this, or 
about 550 gallons per hour. ‘The quantity of waste 
gas required to effect the desulphurating of the liquor 
has not yet been ascertained precisely ; but it has been 
calculated to be enuaientle about 2000 cubic feet 
per 100 gallons purified. The liquor, after bemg used 
for effecting the purification of the: gas, is again 
pumped into the foul liquor tank and re-desulphurated, 
and it can thus be used over and over again. It is 
found, however, that the liquor is slightly weakened 
by the desulphurating process, this weakening arising 
from the formation of a certain percentage of sulphite 
of ammonia, which by the absorption of oxygen is finally 
converted into the sulphate. 

After numerous experiments, extending over a period 
of nine months, had been carried out on Mr. Livesey’s 
process at the South Metropolitan works, a trial on 
the whole make of gas, amounting to 29,000 cubic feet 
per hour, took place on the 22nd of May last. On 
that occasion two scrubbers, of the dimensions already 
given, were used with desulphurated liquor of barely 
“5 oz.” strength, the first being supplied with 360 
gallons and the second with 340 giles per hour; 
and there was also a third scrubber worked with water, 
this being employed to remove the small proportion of 
ammonia carried over by the gas from the other 
scrubbers. ‘The results of the trial were that the first 
scrubber removed between 70 and 80 per cent. of the 
sulphuretted hydrogen and about 20 per cent. of the 
soteale acid from the gas, and on the latter leaving 
the third scrubber, it was quite free from both sul- 

huretted hydrogen and ammonia, and had given up 

Ralf of its carbonic acid. The experiment was con- 
tinued as long as the supply of the desulphurated liquor 
lasted. 

On the 3lst of May a more extended trial was com- 
menced, this continuing until the 30th of June, and the 
make of gas during the time being 18,300,000 cubic 
feet, or 610,000 cubic feet perday. During this series 
of experiments one scrubber was used for effecting the 
desulphurating of the liquor, so as to keep up the 
supply, and the gas was acted upon by two scrubbers, 
one worked with the ase liquor and the other with 
water, the gas after leaving the scrubbers being con- 
ducted to the ordinary oxide purifiers as usual. Before 
the ‘experiments were commenced, the oxide purifiers 
were “ going off” or becoming foul at the rate of about 
one per week; but after the gas was subjected to the 
action of the desulphurated liquor, only one purifier 
“went off” during the whole trial, and that not until 
the end of June. On the 31st of May box No. 2 
stained the lead paper, and it was not until June 30th 





that box No. 3 did the same, and this notwithstanding 
that the “liquor process” was stopped one day through 
a leaky valve, and on another through the pump get- 
ting out of order during the night, making a period of 
uite twelve hours during which the gas went direct to 
the oxide purifiers, The single scrubber worked with 
the desulphurated liquor was supplied with about 400 
gallons of the latter per hour, and it was found that it 
removed 75 per cent. of the sulphuretted hydrogen 
and about half the carbonic acid. The bisulphide of 
carbon and other sulphur compounds were found by 
Dr. Letheby’s test, on an average taken from a number 
of experiments, to be reduced 36 per cent. below their 
amount when the purified liquor was not employed. 

At present the plant at the South Metropolitan 
works does not allow of the process above described 
being applied to effect the purification of the whole of 
the gas made; but Mr.’ Livesey is, however, now 
erecting two large scrubbers for the desulphurating of 
the liquor, and is making other preparations for apply- 
ing the process more completely. We should state, 
however, that, even when the new apparatus is com- 
pleted, and the liquor system of purifying in full 
action, Mr. Livesey does not contemplate the entire 
disuse of the oxide of iron purifiers, but intends always 
to pass the gas through one or two boxes contain- 
ing the oxide, so that in case of any accident happen- 
ing to the scrubbers the oxide would come into action 
and prevent foul gas from being sent out. The serubbers 
for desulphurating the foul liquor are being built of brick, 
and they will each be 17 ft. Gin. in diameter inside 
and.20 ft. high. Beneath them are large tanks, the 
one capable of holding 18,000 and the other 30,000 
gallons of liquor. When the new brick scrubbers are 
completed, the three scrubbers, 15 ft. 6 in. in diameter 
and 24 ft. high, which are now used both for de- 
sulphurating the liquor and purifying the gas, will be 
required for the latter purpose only, and a fourth 
scrubber of the same dimensions, which is now being 
completed, will shortly be available for the same pur- 
pose. Under the new arrangements the waste gases 
will be led from the flue through a 12 in. main instead 
of by a5 in. pipe as at present, and it is probable that 
a condenser of the kind ordinarily used will be placed 
on the line of this main, so as to effect more thoroughly 
the cooling of the gases before they reach the ex- 
hauster. 

At first the liquor was delivered by the pumps 
directly to the scrubbers ; but now an elevated tank 
has been erected into which the pumps deliver, and 
from which the supply for the peal 0. is drawn. The 
tank is divided into four divisions, one being for the 
foul liquor which is to be desulphurated, and the other 
three being intended for the reception of the purified 
liquor to be supplied to the scrubbers in which the gas 
is purified. It was supposed at first that there might 
be some deposition of tar in the pipes leading from these 
tanks or divisions, and the pipes were therefore led 
into another similarly divided tank sunk in the ground, 
other pipes leading from the divisions of this tank to 
the scrubbers. The sunk tank was intended to receive 
any tar which might drain down; but it has proved to 
be quite unnecessary, and has, indeed, occasioned some 
trouble from leakage taking place through the divisions 
separating the compartments. 

Ve have hitherto spoken only of Mr. Livesey’s pro- 
cess for the desulphurating of the ammoniacal liquor, 
and of its es to the purification of the gas ; but 
before concluding the present notice it may be as well 
that we should give some general particulars of the 
extent of the gas manufacture now carried on at the 
South Metropolitan works. Within the last few 
ay considerable additions have been made, and a 
arge piece of adjoining ground has been purchased, 
upon which we believe that it is intended to build 
entirely new works. The retort-house has been ex- 
tended, and the number of double retorts is now 315, 
these being all Q-shaped brick retorts, 19 ft. 6in. long 
by 20in. wide, and 14in. high inside. The highest num- 
ber in use at one time during the last year was 252. 
The retorts are worked with four charges per day, the 
average charge being 4 ewt. 3 qrs. 20 ib. the quantity 
carbonised being thus nearly one ton per retort per 
day. The coal used is Deans, Primrose and Holmside, 
and the average make equals 9400 cubic feet per ton. 
During the year 1865, 47,820 tons of coals were car- 
bonised, the gas produced being 439,000,000 cubic 
feet. The greatest make in any one day was 2,016,000 
cubic feet, and the average make per retort per day 
is now 9300 cubic feet. 

The exhausters at the South Metropolitan works 
were formerly driven by onc of Beales’s rotary engines, 


-but recently two new Beales’s exhausters have been 


erected, one capable of passing 100,000 and the other 
80,000 cubic feet per hour, and these are driven by 
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two double-cylinder beam engines of 20 horse-power 
each, one engine being made by Messrs. Easton, Amos 
and Sons, and the other by Mr. T. Middleton. One 
exhauster and engine is worked at one time, and 
arrangements are made so that either exhauster can be 
worked by either engine. In Messrs. Easton and 
Amos’s engine the cylinders are placed in the usual 
manner, the high pressure being situated nearer the 
main centre than the low-pressure cylinder. In Mr. 
Middleton’s engine, however, the low-pressure cylinder 
is an annular one, and surrounds the high-pressure 
cylinder, one thing gained by this arrangement, as 
compared with the ordinary one, being a simpli- 
fication of the parallel motion, which 
course, the same that of a common 
cylinder beam engine, the three 
the two pistons being connected a 
crosshead. ‘The condensers* in 
Metropolitan works differ 


is, 
as single- 
piston-rods 
t the top by a 
at the South 


somewhat from those 


use 


ordinarily employed, they being composed of parallel | 


lines of pipes laid nearly horizontally in a series of 
shallow brick cisterns containing water, the inclina- 
tion of the pipes being just suflicient to drain the 
deposited tar into the reservoirs at one end of each 
line. In the old condensers arranged in this manner 
the pipes were 18 in. in diameter, but in a set more 
wed yut down four 9in. pipes have been sub- 
stituted be the one 1S8in. one, and better results 
obtained. The water is supplied to the cisterns from 
the Grand Surrey Canal, by the side of which the 


works are situated; and the current is arranged to 
flow in the opposite direction to that of the gas, so 
that the latter, when it first enters the condenser 
pipes, is surrounded by the water which has been 
slightly warmed, and as it flows through the pipes is 
gradually acted upon by the cooler water. 


THE QUEENSLAND ROLLING STOCK. 

We gave, last weck, an illustrated description of a 
saloon carriage for the Queensland Southern and 
Western Railway, and we now add some particulars 
of the other rolling stock constructed by the Ashbury 
Railway Carriage and Lron Company for the Queens- 
land lines. As we stated last week, the Ashbury 
Carriage Company have had three contracts for the 
Queensland stock, the first and last being for stock for 
the Southern and Western line, and the second con- 
tract for stock for the Queensland Great Northern 
Railway. We shall first deseribe the carriages and 
wagons made under the first contract, omitting, how- 
ever, the particulars of the saloon carriage already given. 

The composite carriages are each 2 ft. longer than the 
untinpeieen, the length of the body being 32 ft., 
whilst the width outside and height inside are respec- 
tively 6 ft. 6 in. and 6 ft., as in the carriage described 
last week. ‘The body is divided into two first and two 
second class compartments, the former being situated 
in the central part of the carriage, and being each 
6 ft. 6 in. long, and capable of accommodating six pas- 
sengers. Each seeond-class compartment is again 
divided into two by a low partition forming the backs 
of the middle seats, and each of the subdivisions so 
formed is capable of holding eight passengers. ‘The 
total carrying capacity of each composite carriage thus 
amounts to twelve first and thirty-two second class 


passengers. All the seats run transversely, those in the | 


second-class compartments heing padded, whilst the 
first-class compartments are fitted up im the usual com- 
fortzvle style. The carriage is well lighted by the door 
and side lights, all made to open, and fitted with 
moveable venetians on the outside. The roof is double in 
this as well as in all the other earriages, and there is a 
lamp in each compartment. ‘The doors of the first-class 
compartments are 2 ft. and those of the second-class 
compartments | ft. 10 in. wide, and in all the compart- 
ments ventilation is seeured by ventilators placed over 
the windows and others situated close to the floor. 
Exeept as regards the length, the under frame and 
bogies are exactly the same as those of the smoking- 
saluon, and the arrangement of the springs, buffers, 
&c., is likewise similar; the centres of the bogies are, 
however, placed at a distance apart of 21 ft. 7 in., so 
that the extreme wheel-base is26{t. 7 in. The weight 
of each composite carriage is about 10 tons 5 ewt. 

In the seeond and third class carriages the under- 
frames and all the running gear are the same as the 
corresponding parts of the smoking-saloon, and the 
genera! dimensions of the bodies are also similar, the 
interior being of course arranged differently. In the 
second-class carriage the total length of 30 ft. is equally 
divided into two portions by a central partition, and 
each of these portions is subdivided in three compart- 
ments by low partitions formed by the backs of the 
seats. ‘The seats are placed transversely in the usual 
manuer, and each compartment is capable of accom- 


0 


of | 





modating eight passengers, or forty-eight for the whole 
carriage. ‘The seats are stuffed, and there is one lamp 
to each set of three compartments ; the lighting and 
ventilating arrangements are in other respects sumilar 
to those of the composite carriage. 

In the case of the third-class carriages, the arrange- 
ment of the compartments is the same as in the second- 
class, the number of passengers carried being also the 
same; the sides are, however, open for a great part of 
their height, there being no glass windows, and the 
seats are not stuffed. Both the second and third class 


running their whole length, as well as foot-steps at 
the doorways. The weight of both the second and 
third class carriages is about 9 tons 2 ewt. each. 

rhe passenger brake-vans are much shorter than the 
carriages, the length of the bodies being only 14 
ft.; the width of each body is 6 ft. 6 in., as in the 
carriages, and the height imside at the centre is 5 ft. 
Gin. in the luggage compartment and 7 ft. in the 
guard’s compartment, which is 2 ft. 9m. long, and is 
situated at one end of the van. This guard’s com- 
partment is fitted with windows looking out over the 
roots of the carriages, and the luggage compartment 
is furnished with double doors, 4 ft. 6m. wide, on each 
side. ‘lhe underframes are made of angle and T irons 
of the same dimensions as those used tor the carriage 
frames, the width of the frame over soles being 5 ft. 6 in 





upon two pairs of wheels, 2 ft. in diameter, and placed 
at a distance of 7 ft. apart from centre to centre. The 
brake applied is the continuous one patented by Mr. 
Kay, of the Lancashire and Yorkshire Railway. 

The undertrames of the horse-boxes, carriage and 
timber trucks, and wagons, are all similar to those of 
the passenger brake vans, the length of the bodies 
being in all cases 14 ft., whilst the size and distance 
apart of the wheels is also the same. In the case of the 
horse-boxes the length of 14 ft. is divided into a com- 
partment, 10 ft. long, for the horses with a dog-box, 
2 ft. long, at each end. The width of the body outside 
is 6 ft. 6in., and the height of the horse compartment 
(which is fitted up to accommodate two horses) is 
7 ft. 4in. at the centre. 
horse-boxes are the same as those in use on ordinary 
lines, and the weight of each box is about 3tons 11] ewt. 
The sheep-vans are of the ordinary construction, 14 ft. 


divided into two floors, each with a clear headway at 
the doors of 2ft. 3$in. The carriage trucks are also 
14 ft. long, with sides 1 ft. 4in. high, and having a 
width between them of nearly 6 ft. The weight of 
each truck is about 3 tons, and the details are the same 
as those in general use. The timber trucks require no 
special deseription; they are fitted with the usual 
bolster, the distance between the centres of the 
standards being 4 ft. 7 in. 

We now come to the wagon stock, this including 
the covered and open goods wagons and the ballast 
wagons. As we have already stated, the underframes 
are similar to those of the passenger brake vans; in 
the case of the ballast wagons, however, the butler 


The covered goods wagons are 14 tt. long by 
The 


used. 
6 ft. 6 in. wide, and 6 tt. high inside at the centre. 


rails being filled in when required with canvas stretched 
on light frames. The double doors on each side of the 
wagon are 6 ft. wide, and the roof is made with an 
opening of the same width. The open goods wagons 


and ends are 2 ft. 6m. high above the floor. Both 
the sides and ends are strongly framed, and the sides 
are hinged at the bottom, so as to form doors for the 
whole length of the wagons. 
of the same length and width as the open goods 
wagons, but the sides are only 1 ft. Gin. high. All 
the wagon stock is provided with lever brakes, and the 
average weight of each vehicle is 3 tons 5 ewt. 

The stock ior the Queensland Great Northern Rail- 
| Way, W hich formed the second contract, included sixty- 
| three vehicles, and of these the whole, with the excep- 
| tion of the eairiages, were of the same description as 
those previously made for the Southern and Western 





ordered being composite carriages, and these having 
bodies 46 ft. long by 6 ft. 6 in. wide outside and 6 ft. 3 in. 
high inside at the centre. The total length is divided 
into a first-class compartment 15 ft. long, a second- 
class compartment 25 ft. long, and two end passenger 
platforms 3 ft. wide. The compartments have the seats 
arranged longitudinally down each side, the entrance 
doors opening on to the end platiorms, and there being 





carriages, as well as the composites, have footboards | 


Each van weighs about 3 tons. 10 ewt., and is carried’ | 


The general fittings of the | 


long by 6ft. Gin. wide outside, the height being | 


springs are done away with, dead butlers only bemg | 


sides are close boarded for a height of about 2 ft. 6 in. | 
above the floor, the spaces between the side and cant, | 


are 14 ft. long by 6 ft. 6 in. wide outside, and the sides | 


The ballast wagons are | 


Railway, and of which we have given some particulars. | 
The carriages were, however, diferent, the only class | 


| also a sliding door between the two compartments. The 
carriages are intended each to accommodate sixteen 
first-class and thirty-four second-class passengers, or 
fifty altogether. The first-class compartment is lighted 
by four and the second-class compartment by 
jeight windows on each side, these windows being 
made to open, and being furnished with moveable 
venetians on the outside. There are two lamps in the 
first and three in the second-class compartments, 
whilst the former compartment is well trimmed and 
| provided with the usual fittings; the seats of the 
second-class compartment are padded. The under- 
| frames are 5 ft. 11 in. wide over soles, and are composed 
of angle and T irons of the same sizes as those used 
| for the underframes of the Southern and Western ear- 
riages ; the carriages are, however, not provided with 
bogies, but are each carried upon three pairs of wheels 
placed at a distance apart of 15 ft. from centre to 
centre, making the total wheel-base 30 ft. The car- 
riages are fitted with Clark’s patent radial axle-boxes, 
and also with Clark’s continuous brakes acting on all 
the wheels. - 

We have already stated that a third contract is now 
in course of execution for additional stock for the 
Southern and Western Railway, and of this we shall 
| postpone giving a description until some future oc- 
casion. We may, however, mention that it will differ 
materially from that previously supplied, both the 
carriages and wagons che in all cases earried upon 
three pairs of wheels, fitted with Mr. W. Bridges 
Adams’s radial axle-boxes, and tif wheels also having 
Mr. W. B. Adams’s spring tyres applied to them. 
|The wagon stock also will be much lost than that 
supplied under the first contract, the lencths of the 
vehicles being increased from 14 ft. to 20 ft., and in 
most cases 30 ft. 


| THE EXPLOSION ON BOARD THE TALBOT. 
Tne following is a copy of a report made to the Board of 
| Trade by Mr. Robert Galloway, C.E., the inspector under the 
| Chain Cables Act and the Chief Surveyor to the Board of Trade, 
| respecting the recent explosion on board the steamer Talbot: 

“« The Secretary of the Board of Trade, Whitehall. 

“Srr,—I have the honour to inform you that, in accordance 
with the instructions conveyed in the minute paper W 882, I 
| proceeded to Moreeambe Bay, and on the 3rd instant examined 
the exploded boiler of the steamer Talbot. 

‘The officers of the Midland Railway Company, Messrs. Burn 
and Alton, were in attendance, and rendered me every as- 
sistance, 

“I found that the defective plates at the lower part of 
the back of the boiler had been forced out, breaking away from 
the lower seam of rivets, and the water and steam (not being 
) able to enter the fore hold on account of the bulkhead) passed 

under the boiler into the engine room and scalded the men. 

“ The defective plates were cut out before I arrived, but had 

not been removed from the vessel, and upon examination I found 
| that the plate stays were not in their places when the explosion 
happened. 

“The width of the boiler at this part is about 16 ft., and the 
water space 4} inches, and the distance from the seam of rivets 
where the plates gave way, to the row of stays above, is about 

32in. The pressure of steam, being about 30 lb. per square inch, 
| will give fully 84 tons pressure on these plates; therefore I can- 
not think there can be a doubt as to the cause of the explosion 
—viz. want of stays. It was just a question of time, how long 
the plates would hold together. 

“ Mr. Plews, the company’s engineer at Lancaster, informed me 
that he asked and obtained the permission of the foreman boiler 
maker to Mr. Cootes (the manufacturer of the boiler, and also 
the Board of Trade surveyor who passed it) to remove these 
plate stays; but it is only fair to Mr. Cootes to state that the 
removal of the plate stays touk place since the last Board of 
Trade certificates were granted. 

“ The plate stays appear to have been an after-thought, as they 
| are not shown in tie original tracing. It would have been very 

much better to have continued the round stays to the bottom of 
the boiler, as there could then have been no excuse for removing 
them. 

“ As the plate stays had been removed from the after boiler, 
| the plates were cut out for examination, when it was found that 
the plates were broken through exactly at the same part as in 
the exploded boiler, and I have no doubt that this boiler would 
have burst in a very short time. 

“| have marked out the necessary number of stays to make the 
weak parts of the boiler as strong as the others, and expect 
in about ten or fourteen days the vessel will be again ready 
for sea. 

‘Having been informed that the steamer Sherbourne, sister 
ship to the Talbot, was on her way from Belfast to Morecambe, 
I thought it my duty to examine the boilers. This I did on 
Tuesday, having had pieces of the bulkheads cut out. I found 
the plate stays in these boiler had been removed, but that im- 
mediately after the accident to the Talbot some of them had 
been hurriedly replaced with bolts and nuts, but not in time to 
prevent the plates straining. To what extent or whether the 
plates are hedhen through (which I believe to be the case) can- 
| not be positively ascertained until the plates are cut out, but 

that they are defective no person will dispute. ee 

“ Under these circumstance I thonght I should be justified in 
| requesting the manager of these steamers not to carry passengers 
| until these boilers had been repaired. 
| ‘Tam pleased to state that both Mr. 

assistant superintendent, and Mr. Alton, 
the Midland Railway, agree with me as to the doubtful 
these boilers. “T haye, &c., 

“ Sept. 5, 1866. “R. GALLOWAY: 
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THE SOCIETY OF ENGINEERS AT 
CROYDON. 


riday last a number of the members and as- 
B . of "the Society of Engineers paid a visit to 
Croydon, in order to imspect the waterworks and the 
sewage arrangements of that town, which are being so 
ably carried out under the direction of the engineer, 
Mr. Baldwin Latham. On their arrival at Croydon, 
the visitors were met by Mr. Latham and the local 
board, and conducted first to the waterworks, where 
a luncheon had been provided in the new engine-house, 
now nearly completed. At present the water supply 
of Croydon is obtained from two wells sunk in the 
upper chalk at a distance of but 56 ft. apart. The 
older of the two wells is 75 ft. deep, and the other, 
which was sunk by Mr. Thomas Docwra, under the 
direction of Mr. Latham, is 150ft. deep. Notwith- 
standing the closeness of these wells, they are found 
to furnish perfectly independent supplies of water, the 
pumping from one not affecting the water level in the 
other in any way. , ; 

The pumping power now in use consists of two 
Cornish beam engines constructed by Messrs. Sandys, 
Vivian and Co., of Hayle. They have each a 30 in. 
evlinder and 9 ft. stroke, the plungers being 12 in. in 
diameter with the same stroke as the steam pistons. 
These engines will soon be assisted by a new engine 
which is now about to be erected, and the engine- 
house for the accommodation of which is, as we have 
already stated, nearly completed. The new engine, 
which will also be a Cornish beam engine, is being con- 
structed by the Kirkstall Forge Company, of Leeds, 
and many of the principal parts have already arrived at 
Croydon. It will have a steam cylinder 60 in. in 
diameter, and a pump plunger 24 in. in diameter, the 
stroke of both the plunger and steam-piston being 
10 ft. 6in. The beam, which is about 40 ft. long, is 
formed of two plain wrought-iron plates, each 14 in. 
thick, these plates, which were rolled by Messrs. 
John Brown and Co., of Sheffield, being separated by 
distance-pieces rivetted between them. — It will thus be 
seen that the beam is without top or bottom flanges. 
The engine is to be fitted with a surface condenser 
composed of 594 tubes 1 in. in diameter, and 3 ft. 4in. 
long between tube-plates. The engine will pump into 
a tank placed on the top of an ornamental tower which 
is to be erected on some high ground in the neighbour- 
hood of Norwood, and from the tank the water will be 
supplied to the district by gravitation. There will be 
no stand-pipe, an air-vessel being used instead, and 
this latter will be kept supplied with air by an air- 
charging pump fitted for the purpose. The engine 
will be supplied with steam by three Cornish boilers 
25 ft. long by 5 ft. 6 in. in diameter, and each having a 
single flue 3 ft. in diameter. The cost of the new 
engine will be 6000/., and that of the boilers 800/. in 
addition. We should mention that the population to 
be supplied with water is 43,000, and that the wells are 
capable of supplying 2} million gallons per day. 

After the waterworks had been inspected and the 
luncheon dispatched, the visitors assembled in the yard 
adjoining the engine-house, where a photograph was 
taken of the group, and after this had been accom- 
plished, they adjourned to the vehicles which had been 

rovided to convey them to the fields which are now 
Seber irrigated with the sewage from Croydon. There 
are few modes of dealing with the sewage which have 
not been tried to some extent at Croydon, and, in fact, 
the town has for many years been one in which all 
ublic works have been carried on with great spirit. 
he Public Health Act of 1848 was first adopted by 
Croydon, and it was at that place also that the system 
of tubular-pipe drainage was first carried out, whilst, 
later, it was the first town to adopt a mode of utilising 
the sewage since the passing of the Public Health Act. 

The manner in which the sewage is now utilised is a 
very simple one, and, what is still better, it is one 
which seems to be extremely effective. The sewage is 
first conducted into reservoirs, where it is allowed to 
rise up through horizontal screens which separate and 
keep back the coarser matters, and the liquid portion 
is , bom led to an open conduit running along the 
highest side of the fields to be irrigated, the course of 
the conduit lying along the side having least slope. 
From this conduit there are led at right angles to it a 
number of smaller conduits, these running in the 
direction of the greatest slope of the ground. 
it is desired to irrigate the field with sewage, the latter 
is admitted into the smaller conduits already mentioned, 
but instead of being allowed to flow along them, its 
course is stopped at a short distance from the main 
conduit by placing boards across the smaller drains. 
By this means the sewage is caused to spread out at 
right angles to the drains, and cover the adjacent land, 





the boards by which its course is blocked being 
gradually shifted further and further down the drains, 
so as to distribute the sewage fairly over the whole 
surface. 
After being thus filtered, as it were, by its passage 
through the ground, the water of the sewage is drained 
off from the fields in a suitable manner, when it is 
found to be perfectly clear and very free from impuri- 
ties. In the case of Croydon, the water drained from 
the fields which have been treated with the sewage is 
found to contain only 23 grains of impurities per 

lion. On Friday last the party visited, some light 
= thus treated in the neighbourhood of Croydon, 
and also some fields near South Norwood having a 
stiff clay soil, upon which the system is also carried 
out, and in both cases excellent results were shown to 
have been obtained. At South Norwood six crops of 
Italian rye-grass were obtained from the irrigated 
fields during the year 1865, the united lengths of these 
crops amounting to 187in., or 15 ft. 7in., and the 
weight being over 50 tons per acre. It is gratifying, 
also, to be enabled to add that the carrying out of the 
system has been accompanied py a reduction of the 
death-rate in the adjoining districts, the death-rates of 
Croydon and South Norwood being now considerably 
below the average rate of the town districts of Eng- 
land. In South Norwood, which is only removed a 
few hundred yards from the irrigation works, this is 
particularly the case. We shall not, however, say 
more about the importance of this means of dealing 
with the sewage, as we have treated the subject more 
fully in another article in the present number; but we 
must add that the whole of the success which has 
attended the system adopted at Croydon is due to the 
perseverance, energy, and ability with which the works 
have been carried out by Mr. Baldwin Latham, who, 
we are glad to find, has been well backed up by the 
spirit of the local board, although he has had to 
struggle against strong opposition from many quarters. 








HARTMANN’S WORKS AT CHEMNITZ. 


Tue town of Chemnitz, in Saxony, is one of the 
most active and flourishing manufacturing places on 
the whole Continent. It possesses numerous impor- 
tant engineering establishments, amongst which the 
ame, SENS to Mr. Hartmann takes the foremost 
rank, 

Mr. Hartmann is what we like to call a “ self-made” 
man. Born in a small town near Strasbourg, he first 
entered Chemnitz as a plain workman in 1837. His 
earliest attainments were some improvements in the 
manufacture of looms and of spinning-machinery, 
which procured him the partnership of Mr. Gotze, the 
director of a large cotton-mill im Chemnitz. Ata 
later period that partnership was dissolved, but the 
works were gradually extended for the manufacture or 
other machinery, as locomotives, stationary engines, 
millwork, water-wheels, and engineering tools of all 
descriptions. It has been particularly remarked of 
Mr. Hartmann’s tools that they are exact and well- 
made -— of the best English machines of their 
kind, and it is principally to this judicious selection of 
models for imitation that his great success in this 
branch of manufacture is due. Mr. Hartmann and 
his assistants very frequently visited this country, as 
well as France, Belgium, and Switzerland, in order to 
keep pace with the progress of the time, and in 
this respect they have eminently succeeded. In 1860 
one of the principal building of Mr. Hartmann’s works 
was destroyed by fire. He immediately commenced the 
construction of a new and more extensive building, 
which at present forms one of the finest engineering 
shops in Germany. 

he present extent of these works is nearly a 
million square feet; they occupy 1800 workmen, and 
have a total motive power of 150 horses. There are 
260 lathes, 70 planing and shaping machines, 80 
drilling and boring machines, 30 slotting machines, 
6 steam hammers, and about 50 other different tools 
In operation. 

The present production of locomotives is about fifty 
a you, and this establishment has finished about 
800 engines of this kind up till now. The machinery 
for spinning and weaving forms an equally important 
branch of the present manufacture of this establish- 
ment ; next in rank are the tools for working metals 
and wood, most of the principal machines now work- 
ing in the factory being Mr. Hartmann’s own make. 

The new large fitting-shop is one of the finest build- 
ings in Chemnitz. It is about 400 ft. long and 80 ft. 
wide, built in two stories. The roof is supported 
upon a double row of iron columns. The windows 
are 11 ft. high by 5 ft. wide. It is traversed by two 
powerful travelling-cranes, the rails of which are 





supported on the iron columns. These columns also 

an upper gallery all round the building, which is 
used for finishing smaller articles, and forms a kind of 
upper floor, without interfering with the light ‘and 
dan height of the central part of the main ponies. es 
A Woolf engine, 50 horse power, drives the machinery 
in this buildmg. The workshops for making es 
and weaving machinery are arranged in several floors 
above each other, the transport of these smaller 
machines and parts of machines being effected by 
cranes and lifts. 

The forge and foundry and boiler works are separated 
from the other parts of the works by a street. About 
two hundred forge fires of different kinds are in opera- 
tion, supplying the work for the steam hammers and for 
several “ Ryder’s” forging machines and other smaller 
tools. Two high-pressure engines, 12 horse power each, 
work the blowing-fan, the circular saw for cutting iron, 
the forging machines, and the tools in the boiler works. 

The foundry contains five cupolas, capable of produc- 
ing from 25 to 30 tons of castings per day. e iron 
used for casting in Chemnitz is mostly Scotch foundry 
iron, and is melted in the cupolas with English coke. 

Mr. Hartmann has distinguished himself at all great 
international exhibitions, where his contributions have 
obtained favourable notice. 

His most admired recent productions were some 
turbines of very large size, some very powerful tools 
for turning, boring, and riflin steel cannon of the 
largest class, and some improved machines for spinning 
wool, which have been patented in several countries, 
and are said to be working to great satisfaction at 
Messrs. Stehlin and Co.’s and in other manufactories. 








DR. HAWKSLEY ON HOUSE REFUSE. 


Dr. Taomas Hawkstzy, of Brook-street, Gros- 
venor-square, has written a letter to the Times, in 
which, without adding the initials of his medical 
degree, he proposes that the refuse (meaning more espe- 
cially human excreta) from London dwellings should 
not be allowed to escape into the sewers, but that it 
should be placed day by day in metal pails, filled with 
powdered earth, these to be taken away by the dust 
contractors every morning. He further proposes that 
the legislature should “ simply make it penal to pass 
“ any solid or offensive matter into the existing drains 
“ or sewers.” ‘Those who hastily supposed, on reading 
this letter, that it was the production of Mr. Thomas 
Hawksley, C.E., of Great George-street, Westminster, 
must have wondered how an engineer having so large 
a practice with works for water supply and sewerage 
could have put his name to such a proposal, and 
especially how he could have descended to the follow- 
ing “ bunkum:” “ Moreover, our poor ill-used river 
“would not only cease to be defiled; it would cease 
“to be poured out and wasted with the prodigal 
“hand that makes us now contemplate another batch 
“in the tinkered machinery, an aqueduct from Wales 
“or from Windermere—a grand thing for the engi- 
“ neers, but one from which the taxpayers for a yet 
“unfinished high, middle, and low level drainage may 
** prayerfully hope to be delivered.” 

ven Mr. Arnold, the resident Government Inspector 
of Public Works for the Lancashire district, has ad- 
dressed a long and very sensible letter to the Times. 
based, however, upon the natural mistake that he wag 
dealing with the crotchet of Mr. Hawksley, the engi- 
neer, instead of Mr. Hawksley, the physician. 

It is satisfactory, however, to know that the views 
of Mr. Hawksley, the engineer, are such as we should 
expect from a gentleman who has so long dealt prac- 
tically with questions of this kind. In the important 
and protracted discussion at the Institution of Civil Engi- 
neers upon Mr. Bazalgette’s paper on the drainage of the 
metropolis, that gentleman bore testimony to the aid 
he had received in the early stages of the main-drainage 
scheme, not only from the late Mr. Robert Stephenson 
and from Mr. Bidder, but also from Mr. Hawksley. 
And in a previous discussion upon the late Mr. Braith. 
waite’s Pee on the River Wandle, Mr. Hawksley 
observed, in the course of some excellent practical 
remarks, that in “the neighbourhood of populous cities 
“ sewers must, of course, be cleansed and drained, and 
“ the inhabitants must be provided with all those con- 
¢ — requisite for an improved state of civilisa- 
* tion.” 

We may now turn briefly to the proposal of Mr. 
Hawksley, the physician. As an abstract fact, there is 
no doubt that earth is a powerful deodoriser. But a 
system of moving “house refuse” from one part of a 

welling to another in metal pails filled with earth, 
and of removing it thence in carts every morning, 
could only be carried out with much domestic inconve- 
nience, while it is certain that in the case of large 
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cities it would be subject to constant and most intoler- 
able accidents and interruptions. Can we even suppose 
that, in the better class of dwellings, domestic servants 
would consent to bear the further offensive tasks 
involved by the proposed mode of dealing with 
house refuse? But, supposing there were no insu- 
perable difficulties in this respect, what might we 
anticipate in poorer neighbourhoods, with houses 
occupied by, perhaps, half a dozen or even a 
dozen families in various stages of poverty and 
dirt, and where, with a staircase in common, and 
the street door opening direct upon the footpath, half 
a dozen or more of these “ earthen vessels” were re- 
quired to be kept standing about? Is it to be - 
= that the abominations intended for them would 

carefully collected and regularly deposited in them ? 
With not only poverty to contend against, but igno- 
rance and apathy, and, often added to these, drunken- 
ness and disease, we could only expect that the most 
gigantic nuisance would grow up, beyond all power of 
Official inspection and control. It is in the poorer 
neighbourhoods, where, from the very numbers, the 
greatest quantity and, we may add, the very worst 
quality of sewage is produced, that the proposed 
system would completely break down. 

In the mean time what would become of the foul 
slops produced in cooking vegetables, and what of the 
filth of the streets, when washed by storms? There 
would still remain enough noxious matter, which would 
either be left to decompose where it was produced, or 
which would require to be run into the sewers, to .do 
perhaps all the damage which Dr. Hawksley’s scheme 
1s intended to prevent. 








WHITE ANTS. 


Amone the destructive species of the insect tribe 
there is one, happily unknown in England, which in 
some parts of India, in Africa, and in some of the 
colonies is most ruinous to timber constructions, and 
which, in spite of the innumerable remedies or pre- 
ventions, some experimental and others put forth as 
infallible, bids defiance the occupants of the terri- 
tory it invades, and fai.) drives them out of house and 
home. This little pest is commonly known as the 
“white ant.” It has existed in India and in Africa 
irom time immemorial; its habits in Africa being in 
some respects different from those of its Indian repre- 
sentative, and its propensities and instincts in either 
or both of those countries more or less clearly defined 
in some of the colonies. In the Mauritius and in Saint 
Helena the white ant has done a great deal of mischief ; 
in Saint Helena especially its ravages have been very 
severely felt, as prior to the period of its introduction 
to the island, A wor thirty years since, no alarm was 
felt about the insect, although it must have been 
known that it existed at no great distance, and in the 
same latitude. No precautions, therefore, were taken 
to guard against the possible result of the insect being 
imported, and when that event took place the mode of 
construction of the buildings in James Town offered a 
most unlimited field for the destructive propensities of 
the little immigrant. The houses were built of small 
stones picked from the sides and base of the two oa 
cipitious hills that form or enclose the valley in which 
Jamestown is situated. The stones, with very little, 
in fact, scarcely any dressing with the hammer, were 
laid in a mixture of water with the volcanic mud, of 
which large quantities are deposited in the valley, in- 
stead of lime mortar, and as the water evaporated the 
mixture contracted, and when dry presented the ap- 
pearance ofa sponge, having innumerable tortuous little 
passages running in every direction, forming the most 
suitable"and convenient abiding-places for the white 
ants that could possibly have been devised. 

The insect is supposed to have been brought to the 
island in a cargo of timber, from the west coast of 
Africa, landed out of a leaky vessel, and as the timber, 
when landed, was found to be infested with the ants, 
there is every reason for believing the supposition to 
have been well founded. The insects did not, how- 
ever, produce much uneasiness in the minds of the in- 
habitants for some time after their arrival, although 
there can be little doubt they very soon began their 
operations. It is rather odd, too, that for years after 
the enemy was firmly established, and had not only 
attacked but absolutely destroyed many of the houses 
in Jamestown, no attempt was made by the inhabitants 
to either drive him out, or to reduce by any means the 
injury he was inflicting, and which was evidently to 
end in the entire destruction of every bit of wood in 
their dwellings. They appeared to submit to it as men 

do to a passing convulsion of nature, an earthquake or 
a hurricane, although they could not have had even the 


the storm, and repairing the injury it might cause. 
For twenty years they submitted to the ravages of the 
pest, not in silence, perhaps, for they grumbled loudly 
enough, no doubt, but in a supine A apathetic sub- 
mission that it is hard to account for. Not that they 
could have destroyed the insect, nor perhaps restricted 
its operations ; but drowing men cling firmly even to 
straws, and it is remarkable that no attempt, however 
hopeless it might have proved, was made to check the 
progress of the evil. At length, about eight or ten 
— ago, the state of the buildings in the town was 
ecoming very serious; many of them were entirely 
ruined, not a particle of wood remaining sound in 
them, the walls propped up to prevent their falling out 
into the streets ; in others the upper stories were sup- 
ported by dozens of posts in the lower floors, while 
their inhabitants were in danger of their lives from the 
sudden yielding of a beam or floor, or the falling of 
heavy plastered ceilings in which the ants had destroyed 
the laths. In the year 1860, a vessel loaded with rail- 
way bars for India, becoming leaky when passing the 
meridian of Saint Helena, made for the island, and dis- 
charged a part of he cargo, which was sold. At first 
the railway bars did not fetch a very high price—four 
to five shillings each being the outside ; but it occurred 
one day to some one in whose house the wooden lintels 
had been destroyed, that these bars might be cut into 
lengths to replace them, and the idea becoming widely 
disseminated, the result was that in a week or two not 
a railway bar was to be bought but at a very high 
price from one of the three or four wealthy speculators 
who had bought them all up. This was the eginning 
of active measures towards repairing the injuries 
caused to the dwellings in Jamestown ; but still rail- 
way bars would not do for everything—doors, floors, 
windows, or roofs—and people repaired their houses 
with similar materials to those which had been already 
destroyed, viz., timber consisting chiefly of deal from 
Europe or America, and partly of old timbers from 
ships broken up at the port, including birch, beech, 
elm, oak, and sometimes mahogany. ‘The walls were 
repaired with mud according to the former system, and 
the result may be easily imagined. The ants increased 
in numbers, and although they hardly could do so in 
voracity, their ravages were more extensive and more 
easy of observation. About the beginning of the 
following year (1861), teak timber was suggested for 
repairs or new constructions in the island, as having 
been found secure against the white ants in the Mauri- 
tius ; and about the same time, a leaky vessel calling at 
the island with a cargo of teak, a small quantity of 
the timber was left there, but the suggestion met with 
little favour, some one or two persons declaring that 
they had seen teak quite destroyed by white ants, and 
others being of opinion that teak would be so expen- 
sive as to preclude the possibility of its being exten- 
sively en even if after experiments fairly tried, and 
which would necessarily occupy a length of time, it 
should be found to resist the insect effectually. 
To prove that the white ant would zot destroy teak 
was of course as difficult as to prove any negative is 
usually found to be, and the experience of a good 
many years, with the declared results of careful experi- 
ments made in other countries, met with little more 
than a doubtful and suspicious attention. Some of 
those most interested in the matter, and having, in addi- 
tion toa good deal of house property, a good deal of money, 
shook their heads gravely, and produced specimens of 
teak mostly or quite destroyed by white ants. It pro- 
duced little effect to show that these specimens of teak 
were English oak or Singapore wood, both of which 
kinds of timber sometimes furnish very good imitations 
of teak ; the question whether real teak would not 
have met the same fate under the same circumstances 
could not be answered, or at all events the reverse 
could not be proved, and the case of the advocate for 
teak was, to use the words of the old Scottish courts, 
“not proven.” Inthe meantime some specimens of 
wood were received in the island, which had been pre- 
pared in England for the purpose of being submitted, 
as an experiment, to the attack of the white ants. 
Some of ion were creosoted, ag Fe ared accord- 
ing to a process patented by Sir urnett, some 
charred on the surface, according to Mr. Langton’s 
method, and some prepared by the process known as 
kyanizing. These specimens were exposed in various 
laces infested by white ants, together with pieces of 
vifferent kinds of wood in their natural or unprepared 
state, including deal, oak, ash, and teak. In the 
course of a few days many of the specimens were 
attacked by the insects, and at various periods within 
three months the whole, with the exception of the 
teak, which was not touched by them, were so far 
destroyed by the ants that the inutility of any one of 





negative comfort of looking forward to a cessation of 


the processes for protection against their attacks was 





not to be disputed. The teak was so far victorious 
but the question assumed the new form of how long it 
would remain untouched by the ants if nothing more 
suited to their tastes or appetites were to be had. A 
still more difficult subject in connexion with the use of 
teak, admitting its good qualities, was the financial 
one of first getting it; the majority of the house-pro- 
— in Saint Helena, or of Jamestown in particu. 
ar, were not in a position to import timber from 
Moulmein, nor to purchase it to any great extent if 
imported by the few leading merchants who could do 
so, and the latter hesitated about investing capital in a 
somewhat doubtful speculation, which they could employ 
on secure and highly profitable existing business. In this 
unsatisfactory state the question remained unanswered 
as to what should be done, the repairs to houses goi 
on in the same way as for months past, and the white 
ants eating up the deal timber as fast as it could be 
provided for them, and, if they thought at all about it, 
congratulating themselves on their extreme good for- 
tune in being so liberally entertained. 

In 1863, Sir Charles Elliot assumed the government 
of the island, and to his earnest and strenuous exer- 
tions must be attributed the spirit of inquiry which 
soon afterwards assumed an active condition among 
the inhabitants, and the establishment of certain points 
of interest in relation to the materials most suitable 
for use in constructing or repairing buildings in James- 
town. The first step taken by Sir Charles was to issue 
a minute containing some of the results of his own 
experience and observation of the habits of the white 
ants, and manner of destroying their nests, calling on 
the people of the island generally to spare no exertion 
in carrying out that object, and stimulating their 
energy by a promised reward of 50/. to any one who 
should succeed in devising a mode of tracing the 
insects to their nests, and there destroying them. His 
excellency also wrote to several gentlemen in James- 
town, professional and mercantile, who were known to 
be interested in the habits of the white ants, for am 
information they could afford him on the subject, om | 
caused their replies to be printed and circulated. The 
notice of the public being thus officially drawn to the 
subject, the governor formed a committee of inquiry, 
consisting of an officer of the colonial government, two 
of the largest house proprietors in Jamestown, who 
were also importers of large quantities of goods to the 
island, the colonial surveyor, and two gentlemen, civil 
engineers by profession, and practically acquainted 
with building materials and their various forms and 
modes of application. The object of this committee 
was to obtain local information on the general habits 
of the insects, as modified by peculiar circumstances, 
to correspond through the local Government with the 
Governments of the provinces of India, Africa, South 
America, and of any other locality in which white ants 
were known to exist; to conduct experiments on 
various kinds of wood in their natural condition, as 
well as prepared by chemical processes, and to embody 
the results of their inquiries and investigations in a 
convenient form for general information of the inhabi- 
tants. Very little of the ordinary domestic habits of the 
white ant could be obtained beyond what was already 
known. They swarmed once in the year, something 
after the manner -of bees, at which time, October or 
November, during several days they were exceedingly 
troublesome, flying in great numbers in the air, 
ping their wings in all directions as they settled on any 
object in their way, and perishing by thousands if 
overtaken by a heavy shower of rain. 

As to the manner in which they established them- 
selves in any new colony, no precise information co 
be obtained. A good deal was said of the existence of 
a queen ant, whose functions and attributes were sup- 
orn to resemble those of the queen bee; but of this 

oubts were expressed by others who, with all their 
searching, had never succeeded in finding a queen. It 
has been mentioned that in the old walls of houses m 
Jamestown the ants were to be found in great numbers, 
and that did not apply to any particular time or season, 
nor did the evidence on that point prove at all satis- 
factorily that their ravages were greater at one season 
than at any other. The first indication of an attack on 
the timber used in the repairs of a house might 
shown in the yielding of a flooring board in the middle 
of a room, or in the top hinge of a door suddenly leav- 
ing the frame to which it had been firmly screwed 
shortly before, while the remainder of the floormg 
round the damaged portion and the bottom of the door- 
me appeared quite sound. In other instances the 

uilding appeared to be attacked simultaneously m 
almost every part, as if the invaders, pushing 
strength, had resolved on carrying the place by a comp 
de main. Between the years 1860 and 1866, houses 
were repaired at the same time, and with similar ma 
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terials and workmanship, one of which would be ren- 
dered uninhabitable in eight or ten months, while 
another was scarcely injured at the end of four or five 
ears. The latter did not happen in many instances, 
ar is mentioned merely as one of the peculiarities that 
uzzled the committee, and one that has not yet been 
F oounted for; but a more remarkable instance of what 
looked like caprice on the part of the ants will be re- 
ferred to further on. With regard to their locale, they 
were found in almost every place where search was 
made for them—in the walls and foundations of houses, 
under the paved stone floors of store-rooms, under the 
straw, dust, and rubbish adhering to the curbstones at 
the edge of the street gutters, in the trunks and 
branches of Jiving trees, and in the soil of the only 
iece of garden-ground in Jamestown, that attached to 
the castle (so-called), the town residence of the gover- 
nor, but occupied chiefly as public offices, they were 
found in millions. In wooden roofs covered with slates 
or shingles, and the interior of which was consequently 
warm, they were not so numerous, and advantage has 
been taken of their apparent dislike to a high dry tem- 
rature to construct roofs of inexpensive wood 
covered with galvanised corrugated iron, and the ex- 
periment has met with partial success. 

No further attempt was made to discover the nests 
of the insects, as the task appeared hopeless in the 
presence of such entire occupation of the territory by 
the enemy, and the attention of the committee was 
directed to the discovery of such materials for building 
use as would prove unsuited to the destroying pro- 
pensities and, if possible, impervious to the penetra- 
ting powers of the white ant. Letters had, prior to 
this, been sent to Government officials, heads of 
botanical and other societies, and to private as well as 
public individuals in various parts of the world, re- 

uesting information on the subject of their inquiry. 
g imens of various South American woods were 
forwarded to the committee by some of the merchants, 
and the experiments were begun. They consisted in 
exposing to the attack of the insects several pieces of 
the same kinds of wood, some in their natural state, 
others prepared by chemical solutions being washed 
over their surfaces, and, in the case of soft woods, 
thoroughly saturating them with the solutions by 
means of hydraulic pressure. The governor had sent 
to England for samples of home and foreign timber, 
which were sent out by Sir William Hooker, and other 
eminent men, and submitted to testing by the com- 
mittee. The officer commanding the troops handed 
over a number of wooden shell bottoms, which had 
been sent out by the War Department for experiment- 
ing on, and the colonial engineer also forwarded to 
the committee a large number of specimens of various 
woods from South America. The fahonns of the com- 
mittee now became very interesting: the various 
specimens were carefully numbered by attaching to 
them strips of zinc stamped to correspond with a list 
in which their local or botanical names were recorded, 
with the mode of preparation when any was applied, 
and such other particulars as were considered essen- 
tial. Pieces of each sample were then deposited in 
various places, some shealy infested with white ants, 
and others where the insect had not yet found any in- 
ducement to settle. 

The soft ground in the castle garden was opened in 
several places for the reception of some of the samples, 
others were deposited in dry hard ground; some in 
the lower floors of store-houses with paved or pebble 
floors ; some in a dry bookpress in which the ants had 
destroyed a quantity of paper and books; in short, 
every place that could be found possessing some differ- 
ent degree of dryness, moisture, ventilation, or close- 
ness from the others was used for depositing the ex- 
perimental samples. The kinds of wood to which the 
attention of the committee was chiefly directed were, 
of course, those which could be practically used in 
building, a great number of the harder South Ameri- 
can woods being quite unsuited for such purposes on 
account of the extreme difficulty of working them. 
The expense of such woods would also form a very 
serious objection to their application to such purposes 
as they might be otherwise fit for, and the testing 
them was more an interesting inquiry than one likely 
to lead to any practical advantage. The woods most 
likely to be used in the island, and towards which the 
— amount of interest was drawn, were deal of 

kinds, American and European, including red, white, 
and pitch pine, oak, cedar, ash, elm, beech, birch, 
mahogany, and teak. Those which were chemically 

repared consisted of the several kinds of pine, inclu- 
fing the native pine or fir of Saint Helena, oak, elm, 
and ash; and the mode of preparation was of twofold 
r, one merely washing over the surface three 
or four coats of the poisonous solution, and the other 





thoroughly expelling the natural juices of the wood 
from the pores, and injecting the solutions. The solu- 
tions used on the spot were prepared from sulphate of 
copper and chloride of zinc, and the wood was so tho- 
roughly saturated with these solutions by the process 
adopted, that on cutting it across, the pores were like 
small metallic threads, and, in the case of the sulphate, 
the appearance of the wood — all the beautiful 
hues of green which are peculiar to copper deposits. 

The process was a simple one, and consisted in en- 
closing one end of the log of wood in a leaden cap, 
which was made tight round the wood by an iron hoop 
with a nut and screw, and attaching to one side of the 
cap a lead pipe which communicated with a small 
cistern on the floor, 10 or 12 ft. above the log, and in 
which the solution was placed to flow down the pipe. 
In eight or ten hours a piece of island fir, 4 ft. in 
length and 10 in. in diameter, was quite saturated-with 
the solution. Compounds of various sorts for super- 
ficiat application to timber were suggested by several 
persons in Jamestown, which were fairly tried by the 
committee, but of which there is little more to record. 
In fact, superficial applications could, at the best, 
afford but very temporary protection, and if, after 
being so coated, the timber met with the least rough 
usage, knocking off a particle of the surface so coated, 
or if the end of the piece opened in the slightest degree 
in shakes or rents, the white ants could at once 
obtain an entrance, and as the fluid part of the prepara- 
tion evaporated, which it was certain to do more or 
less quickly, the metallic base fell off, or the vegetable 
one decayed, and the protection was at an end. The 
prepared woods sent from England were saturated 
with corrosive sublimate, chloride of zinc, creosote, 
salts of lead, and carbolic acid. Shortly after the com- 
mencement of the experiments, some pieces of Jarrah 
wood, sent from England and Western Australia about 
the same time, were received at Saint Helena and were 
submitted to trial. One of the shell bottoms before 
referred to was also of Jarrah wood. This wood 
grows abundantly in West Australia, is hard and 
durable, and worked without difficulty; it has also 
been reported on from that country as perfectly secure 
against white ants, and as it could be supplied at a 
comparatively reasonable cost, the results were looked 
forward to with some interest. 

At the suggestionof one of the committee, the teak was 
subjected to a more severe test than other woods, when, 
after a few weeks’ trial,it was found to be still uninjured ; 
this was done by enclosing a piece of teak between 
pieces of deal and screwing the whole firmly together, 
and by reversing the process and securing a piece of 
deal in a similar manner between pieces of teak, and 
exposing the whole as before in the same places. The 
samples were examined at intervals of about a month, 
and the progress of destruction noted. It is unneces- 
sary to say more than that at the end of about twelve 
months some of the samples had long since disappeared 
entirely; these were the unpre ared pine specimens ; 
others were reduced to coeilies between a cinder 
and a sponge in appearance ; the useful woods, including 
the jarrah, were attacked, and in many cases severely, 
whith the only one of them that came out in every in- 
stance al and uninjured was the teak. In the 
mean time, the replies to the letters sent out by the 
committee had been pouring in from almost all parts 
of the world; many of them were, indeed, elaborate 
reports, and bore evidence of having been got up with 
care and consideration, but a good deal of confidence 
in empirical nostrums, and in schemes for defying 
the white ant, was perceptible in some of the letters 
received, which would have been found to be quite mis- 
placed if they had been tried in St. Helena. Some one 
or two chemists in India professed to have discovered 
a composition possessing all required conditions, and 
requested the reward offered by the governor for 
the discovery and destruction of the nests to be ap- 
propriated to them; but they did not send either a 
sample of the composition or a statement of what it 
consisted of. Another complained that the governor 
of his province had forwarded his prescription or some 
of the preparation made from it without his sanction 
to St. Helena, and claimed the reward as compensa 
tion ; but neither the prescription nor the preparation 
was ever received in the island. Some samples of a 
vegetable wax were forwarded from India which were 
recommended very strongly; the wax was to be mixed 
with nitric acid and po | to the surface of the wood. 
The ants, however, went through it with the experi- 
mental piece of wood, and having subsequently dis- 
covered the cask in which the composition had been 
placed, quite prevented a second experiment being 
tried, by going into it and devouring the contents. 
One gentleman stated that bears’ skins would keep 
away the white ant, and suggested the use of bears’ 





grease, an article difficult to obtain in a genuine state 
in St. Helena. A correspondence between two officials 
was forwarded, in which one had requested funds for 
replacing certain fitments in a store-room, which had 
been destroyed by white ants, and was told in reply 
that no funds could be granted for such a purpose, as 
all that was necessary to prevent such destruction was 
to search for and discover the #ing and a ants, 
which were to be destroyed, when the colony would 
immediately break up and depart. 

These instances, for they cannot be called samples, 
of the replies to the committee’s application, the greater 
part of which were ofa different character, are adduced 
merely to show that the white ants of St. Helena pos- 
sess some peculiarities distinguishing them from those 
of other countries, and a few of their peculiarities will 
now be submitted. It may be pean that the white 
ant is a rather disagreeable-looking insect, not quite a 

uarter of an inch in length, the body being about four- 
fifths of the full length, of a cream colour, and v 
soft and fatty consistency, the head pointed, of dark 
brown colour, and protected by a thin shell or hard 
covering, with two short mandibles. The body is sup- 
ported on short dark-coloured legs, which move very 
rapidly, while the insect advances about two inches in 
a second. They destroy the timber in a house without 
any noise, and frequently without’ giving the slightest 
indication of the mischief they are doing, as they never 
destroy the surface of the wood. They will eat out 
the whole of the interior wood, leaving a thin shell of 
the surface untouched ; and in the case of wood that 
has been frequently painted, they will sometimes de- 
vour nearl the whole of the wood, leaving the paint 
supported lose and there by a thin splinter. There is 
something astonishing in the instinct which will enable 
them to so thoroughly destroy the woodwork. of a gun- 
carriage, without a on the surface or damagin, 
the paint, that while it is to all appearance soun 
while standing in the shed, it falls to pieces on an 
attempt being made to move it, yet they have been 
known to do this. In migrating, as they frequently 
do, from one house or from one part of a house to 
another, they generally contrive to do so under natural 
cover; but in uninhabited houses, or in places where 
they are not likely to be seen, they travel on the sur- 
face, and construct covered galleries for the purpose. 
These galleries are formed of a dark-coloured dirt, 
about the thickness of brown paper, not very unlike it, 
in fact, in appearance, semicircular in form, and about 
half an inch in width. On breaking away a little of 
the passage, the insects may be watched without creat- 
ing any p ache among them, and they make no attempt 
to repair the damage ; but on visiting the place the fol- 
lowing day, the injured part is found to have been made 
good when not under observation. When by some 
peculiar instinct they become aware of anything suited 
to their tastes being brought within the scope of their 
operations, they at once decide on attacking it, and 
the space of time in which they will destroy a large 
box fall of papers or books is incredibly short, two 
days or three being sufficient to render it valueless, 
and a week to reduce the whole to a mass of dark brown 
dirt. Something resembling caprice has been referred 
to as sometimes observable in their proceedings, though 
it is difficult to associate caprice with instinct; but an 
instance may ke brought forward as one not easily to 
be accounted for. An old house in Jamestown, the 
property of a member of the largest mercantile firm 
there, built some seventy years ago, had become so far 
injured, though not destroyed, by the white ants, that 
the proprietor decided on renewing the interior, and 
handed it over to the carpenters to remove the wood- 
work. One of them, an intelligent man, observed that 
some parts were more injured than others, and on close 
examination he found that two sorts of pine timber 
had been used in the construction of the building, 
differing but little from each other, yet with a marked 
distinction in colour, attributable probably to a greater 
amount of resinous gum or sap. The two kinds of 
wood had been used indiscriminately in the carpenter 
work, the one for the framing of a door or the treads 
of the stairs, and the other for the panels and the rims. 
All through the building this was to be seen, and 
equally plain was the fact that, while the lighter- 
coloured wood was so far destroyed as to render neces- 
sary the renewal of the whole, the darker-coloured was 
untouched by the ants, 

The attention of a member of the “ White Ant In- 

uiry Committee” was drawn to the circumstance by 
the proprietor of the house, who was also the chair- 
man of that committee, and experiments were at once 
made on the hitherto immaculate wood ; pieces of it 
were removed to other white ant communities, and in 
less than a fortnight quite destroyed by them. The 
woodwork of Saint James’s Church was so far de- 
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stroyed by the ants that the building was closed, and 
the old woodwork removed for renewal; among the 
turned ballusters of the communion rail were some of 
a dark-grained pine that had not suffered any injury, 
some of which were removed in like manner to new 
ground for attack, and in a few days were quite de- 
stroyed. The peculiar instinct by means of which the 
white ants become aware of the proximity of food is 
remarkable. A house in Jamestown was repaired, or 
renewed so far as regarded the interior, entirely with 
teak, the old mud-built walls remaining of course, as 
they had been for years, full of white ants. A quan- 
tity of papers had been placed on a window-board, 
more than an inch in thickness, and in the course of a 
few days they were found to be a mass of white ant 
dirt (in the interior of the pile, that is to say, no in- 
dications of what had occurred being apparent on the 
surface); and when taken away, three or four minute 
apertures were seen in the teak board, showing that 
the white ants in the masonary under the window-board 
had, by some instinct peculiar to themselves, become 
aware of the existence of the material suitable for 
their predatory taste, and had taken the shortest road 
to it by boring through the window-board. Had they 
—~ round the edge of the board, the papering would 

ave shown it, there would have been the dirt-coloured 
gallery, and there would not have been the holes in the 
window-board. This fact of the ants having passed 
through the teak is not an argument against its im- 
munity from their destructive powers, but rather the 
contrary, as they could have as easily gone into the 
mass of the wood as they had bored through it, had there 
not been some property in the wood which renders it 
repugnant to them, and which they will only face when 
in search of food suited to them. 

Their perseverance is as remarkable as their instinct. 
A large storehouse was constructed in Jamestown 
about three years ago, the walls of stone laid in mortar 
composed of English lime, and the work performed 
under the constant supervision of an experienced Eng- 
lish mason, sent out for the purpose ; and in order to 
set the white ants at defiance, not a particle of wood 
was used in the construction of the building. The 
ground floor was paved with stone slabs laid in cement, 
and the first and second floors with the columns and 
girders, the stairs and roof, were all of iron. One of 
the side walls of the new store, 2 ft. in thickness, and 
as well built as a wall could be, was connected with 
the old back wall of an adjoining house, which was 
infested with white ants, by masonry of the same kind 
as the new wall, filling up a space of about 2 ft? be- 
tween the old wall and the new one. Shortly after the 
completion of the store, a cargo of jute, about 1800 
tons, was landed from a leaky ship, and placed in the 
store on the first and second floors. It was piled on 
iron bars 3in. in height, placed on the floors, and a 
space of about 5 in. was left on all the sides clear of 
the walls for ventilation. The white ants under the 

aving worked through the joints, travelled up in the 
interior of the hollow cast-iron columns, and attacked 
the jute from the bottom, while those in the old wall, 
which was connected with the side wall of the new 
building, came through the new masonry, from 3 ft. 
to 4ft., and made tubular bridges of the same material 
as their covered passages consist of, from the surface 
of the wall to the jute. No indication of what was 
going on could be seen from any accessible part of the 
interior, nor was such an attack suspected ; but fortu- 
nately the cargo was ordered to be reshipped in a short 
time after landing, when the discovery was made just 
in time to avoid a loss of some thousands of pounds. 
In a public office in Jamestown a new first floor was 
constructed of deal at about 9ft. above the ground 
floor, and the room was divided by a partition of teak, 
reaching to a height of about 6 ft., the space above being 
left open for ventilation. ‘The ants beneath the groun¢ 
floor came through it, and formed covered passages up 
the side of the teak partition; when they arrived at 
the top, it was evident they were on their way to 
attack the new deal floor, and they were allowed to go 
on in order to observe them. They built hollow 
columns on the top of the partition, but could not 
make them to stand over a height of a few inches. 
They widened the base, built struts against the 
shafts, and so got a little higher, but could not attain 
a greater height than six or eight inches. Their patience 
was now put to trial by breaking down their columns 
every day, but with a perseverance worthy of a better 
cause they rebuilt them every niglt, and until the time 
arrived when their work was no longer allowed to dis- 
figure the partition they kept on, and every now and 
then some adventurous engineer among them might be 
seen putting his head out of the top of the column and 
looking gravely at the ceiling above him, as if caleu- 
lating the amount of labour and material necessary for 
mpleting the work. 


ACCIDENTS ON RAILWAYS—INDIA. 


A retuRN of the number and nature of the accidents 
and the injuries to life and limb which have occurred 
on all the railways open for traffic in India, during the 
year 1864, is given as Appendix, No. 3, to the Report 
on Railways in India for 1865-66. In a note by 
Captain E. C. 8. Williams, R.E., Under Secretary to 
Government of India, Public Works Department, that 
officer observes that returns of accidents on open lines 
of railways are called for in the interests and for the 
protection of the public, and, in classifying the accidents 
to trains, the object is to fix the responsibility on the 
railway companies in all cases that it can be so fixed 
with strict justice; the forms adopted for exhibiting 
the accidents should be such as will clearly show the 
public the risks attending travelling, and, at the same 
time, bring home to the railway companies the short- 
comings of their administration. 

Taking the averages for the three years ending with 
1863, the number of accidents to trains was 253. 
There were 1832 miles of railway open, and 8,457,340 
passengers carried. The number of accidents to trains 
was, therefore, about 30 per million of passengers ; 
and there was one accident to every 7} miles of open 
line. During the year 1864 these figures were respec- 
tively 27 and 73, the open mileage in that year being 
2672, or 46 per cent., and the gross number of pas- 
sengers 12,986,070, or 54 per cent. in excess of the 
average of the previous three years; but the number 
of passengers per mile open, was only 5 per cent. in 
excess. ‘lhis comparison shows that the risks to pas- 
sengers have somewhat decreased ; this is only true in 
comparison with the number of accidents to trains, 
but, for a true conclusion on this ja the accidents to 
passenger trains only should be dealth with. 

In the number of accidents to life or limb from 
causes beyond the control of passengers, there was, in 
1864, a very serious increase over the average of the 
three previous years. Thus the average of the three 
years from 1861 to 1863, inclusive, gives 2.67 killed 
and 9.33 injured, making a total of 12, or 1.42 per 
million of passengers, whilst in the following year there 
were 18 killed and 31 injured, giving a total of 49, or 
3.77. per million killed and injured; but Captain 
Williams states, “ As will be es understood when 
“the comparative smallness of the figures are con- 
“ sidered, this increase may be brought about by the 
“ occurrence of two or three serious accidents, and 
“ this was the case in 1864;” and that officer goes on 
to state that, “in the year 1863 the Indian railway 
“system contrasted unfavourably with that of Great 
“ Britain in this respect, owing to the accidents on the 
“ Bombay lines chiefly; and the experience of these 
“two years is, that the risks to passengers on the 
“ Great Indian Peninsula Company’s line are con- 
“ siderably greater than on others. The Madras lines 
“ maintain their character for perfect immunity from 





“danger.” It appears that there is also in India 
another class of casualty to native passengers, as the 
number of persons found dead in trains is very large, 
especially in the north-west division of the East Indian 
Railway. These casualties are attributed by the rail- 
way authorities to the hot winds and great heat, and 
to the pilgrimages to the Ganges being undertaken by 
persons physically unfit for the fatigue of travelling ; 
Dut Captain Williams seems to think that the suspicion 
of unfair play may not, in some of these cases, be with- 
out foundation, and that the railway traffic establish- 
ment and police may have a responsibility in the 
matter, 





The number of persons employed on the railways 
| who met with cndiiene was as follows: Average for 
|three years, 1861-63, 64 killed, 67 injured, total, 131; 
in 1864, the numbers were 73, 74, and 147 respectively, 
| showing an increase of only 12 percent. The increase 
in the number of passengers al of miles open in those 
periods being 54 and 46 per cent. respectively, the 
number of railway servants must also have been much 
larger than in the previous years, so that the increase 
in the number of casualties can scarcely be considered 
excessive. The number of casualties to other persons, 
neither passengers nor connected with railways, was, 
during 1864, as follows, viz., 29 killed and 7 mjured, 
of which numbers 31 were trespassers, of whom 26 
were killed, chiefly on the East Indian, Great Indian 
Peninsula, and Madras Railways. 

Taking the aggregate casualities from all classes and 
all causes, we have a total of 243 in 1864, of whom 
125 were killed and 118 injured, against 180, the 
average of the three preceding years, of whom 95 were 
killed and 85 injured: of this it may be remarked, that 
the ratio of increase in 1864 is less than the ratio of 
increase in the open mileage. 

The accident to trains in 1864 were 345 in number, 








with a length open of 2699 miles, by far the largest 





number of which consisted in engines and vehicles 
getting off their proper line. There were 167 cases of 
this description, and at least 85 of them arose from 
the action of pointsmen. Of these 85 cases, no less 
than 59 occurred on the East Indian Railway, and 
14 cases of collision are attributable to the same cause, 

The other causes of accidents to trains are fire and 
running over cattle, of which there were res ectively 
53 and 47 instances in 1864. Cases of fire were 
almost entirely confined to the East Indian Railway, 
in its north-west division, where wood fuel was en 
and to the Great Indian Peninsula and Bombay, 
Baroda, and Central Indian Railways, on which cotton 
was conveyed in large quantities. The number of 
cases of fire in-the North Western Provinces was 
probably much increased by the inefficient state of the 
spark-catchers, of which it is reported that the wire 
gauge was sometimes cut away by the engine drivers, 
when it got choked with soot, and so interfered with 
the draught. The cases of running over cattle was 
confined to the three lines mentioned above. They 
have increased on the East Indian Railway, in the 
upper division, where the fence consists simply of a 
mound and ditch; it will now be supplemented by 
stretching a wire along the top of the mound. That 
these accidents were unaccompanied with injury to 
the trains is attributed to the use of cow-catchers, 
They are not in use, it is believed, on the Bombay 
lines, or only on the Bombay, Baroda, and Central 
India Company’s line ; and the consequence is that one 
in nearly every two of the cases of running over cattle 
on them was followed by vehicles or permanent way 
being injured, or the former leaying the rails. 

Of the total number of accidents to trains, 74, or 
rather more than one-fifth, are classed as “ apparently 
unavoidable or not accounted for,” two as due to malice, 
and one to improper interference; but of the first, 
53 were from fire, leaving 21 attributable to other 
causes. The actual number of accidents which resulted 
in injury to passengers from causes beyond their own 
control was only six, of which three were on the Great 
Indian Peninsula Railway, and the remaining three 
were distributed equally between the East Indian, the 
Bombay, Baroda, and Central India, and thé Indian 
Branch Railways. 








NOTES ON BOILERS. 


A sMALL steam-boiler, insulated upon a glass plate, was for 
some time exhibited at the oy Institution. Under a 
pressure of steam, continuous electric flashes were discharged 
from the boiler. 

According to Professor Rankine, Mr. Morris Pollok, of Govan, 
near Glasgow, introduced air through tubes perforated with 
small holes, and placed near the bridge of steam-boiler furnaces, 
as long ago as 1818, or twenty-one years before Mr. C. W. 
Williams’s patent. 

Boiler explosions are always reported, but simple ruptures, 
which often occur from over-pressure, and with no further con- 
sequences than the loss of steam and local injury to the boiler, 
are seldom publicly —s and there are many who are not 
aware that such casua ties ever happen. 

In a boiler explosion which occurred at Wharton Colliery, 
near Chesterfield, in June, 1856, a portion of the boiler weighing 
3 ewt. was thrown to a distance of 1200 ft. 

Mr. John Gray, in 1837, applied the first steam-jet, or jet of 
fresh steam directly from the boiler, to promote the draught ina 
locomotive burning raw coal. The arrangement was in use in 
the Liver engine on the Liverpool and Manchester Railway. 

Several of the American steamboats have chimneys of a height 
of 90 ft. above the water. 

Nearly all the American naval and ocean mail steamers have 
boilers wherein the water is contained in small upright tubes, 
with the heat circulating around and among them. The river 
boats, however, have boilers with flues of various sizes from 6 in. 
to 18 in. in diameter. 

Locomotive boilers, in which the tubes are filled with water 
and surrounded by fire, are considerably used in the United 
States. 

Boiler flues, 6 ft. in diameter, were occasionally made many 
years ago. A boiler made in 1838, with 6 ft. flues of 2 in. Low- 
moor iron, collapsed twice under a a of 10 lb. per square 
in. of steam and 3 1b. of water, equal to 13 1b. in all. | : 

Many boilers have been made with ‘conducting pins,” which 
are simple screw bolts, tapped anywhere through the plates, 
forming the flue-heating surface, and projecting, say, 14 in. into 
the water, and as much more into the flue. These pins conduct 
additional heat to the water, and thus increase the evaporating 
power of the boiler. Their use is attended, however, with some 
obvious disadvantages. 3 

In the boilers of the Great Eastern there are but 17 square 
feet of tube surface for each square foot of grate—the proper 
proportion being at least 35 to 1. The chimneys for each 4 
square feet of grate are but 6 ft. in diameter, or less than one- 
half the proper size. 

Locomotives were once worked upon the London and South- 
Western line, with very long « tion chambers and tubes 
only 1 ft. 10 in. ~~ : it 

Dry steam has electric properties ; when in a gaseous state } 
is a nou-conductor of electricity. The electric discharges which 
may be obtained from dry steam are supposed to attend the 
process of condensation. : oun 

In many of the French and American locomotive boilers the 
tubes are set in vertical rows to facilitate the circulation of the 
water. 
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THE TURKISH IRON-CLAD FRIGATE “FATIKH.” 


CONSTRUCTING BY THE THAMES IRON AND SHIPBUILDING COMPANY; FROM THE DESIGNS 
OF E. J, REED, ESQ, 


Sas AAAANAAT LAGAN 


iii 


0 ‘i 5 | 


oe 





~ 


l 


a CURA 


eT 





ni 


NA 


_ THE accompanying engravings represent an external side 
view and a transverse section through the battery of the most 
extraordinary iron-clad ship at present building in this country. 
She is named the Fatikh CEarkish for Conqueror), and is build- 
ing by the Thames Ironworks Company at Blackwall (the 
builders of the Warrior, Minotaur, Victoria, and other large 
iron-clads), from the designs of Mr. Reed, the Chief Constructor 
of the Navy. Her dimensions are: 


ft. in. 

Length between perpendiculars ... +. 855 10 
‘ between ram-point and back of 
rudder... eee oo - 865 0 

Breadth, extreme ... ee eee «. 60 O 
Draught of water, forward ... ose ow. 24 6 
aft oe ove « 2 6 


This ship is protected from stem to stern at the water-line, 
and over a long central battery, including upper-deck batteries 
of four guns, with armour no less than 8 in. thick, not supported, 
as the 8 in. plates were which were fired at at Shoeburyness a 
few days ago, with a thick mass of timber and a thin skin-plate, 
but backed with 10 in. teak on a 14 in. iron skin, supported by 
10 in. iron frames, like those of the Bellerophon and Hercules 
targets. The guns to be employed are not yet determined upon, 
but they are to be of a powerful kind, and will amount to 
thirty-three in number, of which four are on the upper and 
twenty-nine on the main deck, the latter being 10 ft. above the 





water at load draught, and the former 18ft. The upper deck 
armour-plated batteries project as arcs of circles over the sides, 
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thus giving to the powerful F eome within them a great range all 
round the los and stern. This feature 1s a perfectly novel on 
being introduced by Mr. Reed for the first time in this ship, an 
when the great height of these guns above the water is considered 
in conjunction with this great horizontal range and spread of 
their fire, it will be seen that they add enormously to the - 
offensive power of a ship, especially in bad weather, when the 
main-deck ports would require to be closed. 

We need hardly say that no other ship has yet been built, or 
even laid down, in this country with such armour and such a 
broadside as this vessel will possess ; and with these defensive and 
offensive powers a high speed will be combined, not inferior, 
probably, to that of any armour-clad frigate in our own navy, as 
her engines will consist of a set of Maudslay’s splendid 
8-cylinder engines of 1150 horse power, to work up to 7000 in- 
dicated horse power. 

The Fatikh will be fully rigged, and equipped for a comple- 
ment of 650 officers and men, and, when stored and provisioned, 
will weigh nearly 10,000 tons in all. Like the Bellerophon, she 
is to be fitted with a balanced rudder, which wili, no doubt, 
give her considerable handiness, notwithstanding her increased 
length as compared with that ship, the length of the Fatikh 
having been fixed, we are informed, by his Majesty the Sultan. 
Her design was prepared by Mr. Reed, with the sanction of the 
late Board of the Admiralty, obtained, by desire of his Majesty, 
through the intervention of his Excellency M. Musurus, the 
Turkish ambassador at our court. 

We propose to give hereafter some particulars of the details 
of the construction of this remarkable ship 
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THE GANGES CANAL. 


WE are now enabled to lay before our readers further 
details of the report of the committee appointed to 
report on Major Crofton’s and Major-General Sir 
Arthur Cotton’s projects for remodelling the Ganges 
Canal. The committee consisted of Colonel Edward 
Lawford, R.E., president ; and Lieut.-Col. J. C. Ander- 
son, R.E. ; Lieut.-Col. J. G. Fife, R.E. ; George Sibley, 
C.E.; and Hugh Leonard, M.LC.E., F.G.S., mem- 
bers. 

The committee met at Cawnpore on the 31st of 
March last, and proceeded, accompanied by Major J. 
Crofton, R.E., to examine the canal works from the 
river Ganges up to near the Dubowli Falls, and also 
the river itself in the vicinity of the town. They then 
went to Agra and examined the river Jumna at that 
place, and for a few miles lower down. 

In their preliminary remarks the committee observe 
that the plains in the North-West Provinces, unlike 
the deltas on the east coast, are far above the limit of 
the inundation of the rivers. In the course of ages the 
Ganges and the Jumna have scooped out their beds to 
a far lower leyél than*they must have had at some 
former period, whieh operation has completely changed 
the relation 6f the land with the rivers. The North- 
West Provinces for a distance of several hundred miles 
from the base of the hills are thus formed of a vast 
lateau, which rises many feet above the highest flood- 
Loved of the Ganges and the Jumna. The elevated 
tract is termed the Bangur, in contradistinction to the 
Khadir, or the strip of low land in the actual valleys of 
the rivers, and which is more or less inundated by them 
during high floods. ‘The fall of the Bangur is not ex- 
actly the same as that of the rivers; or, in other words, 
the plane of the surface is not parallel to the surface 
of the rivers. The original formation of the Bangur 
from Hurdwar to Roorkee is broken ; it has, however, 
a plane sloping down towards, and running parallel to, 
the Ganges, along which the canal is carried. The 
point selected for crossing the Solani, the last of the 
hill torrents, is 80 ft. below the head of the canal at 
Hurdwar ; but it is 70 ft. above the level of the Ganges 
immediately opposite. The aqueduct across the Solani 
raises the sole of the canal 20 ft., and the level of the 
Bangur at Roorkee being 45 to 50 ft. below the head of 
the canal, it can be entered in a cutting 10 to 15 ft. in 
depth. Besides the advantages thus gained by opening 
the canal at Hurdwar, the two other important sub- 
jects have been attained. I. The water from the river 
enters the canal, charged with much less silt than 
would have been the case had the head been lower 
down. II. The channel being of a comparatively per- 
manent nature, the sluice and regulating works are 
secure against the action of the stream, which can be 
more easily controlled, and by temporary arrangements 
more easily diverted towards the mouth of the canal, 
than at any point below. On the other hand, the 
Hurdwar head involved an enormous expense in ma- 
sonry works for the Solani, and other hill torrents 
which the canal had to cross, and for overcoming this 
excessive slope of country. 

The Khadir is formed of a crust of alluvial soil, 
varying in thickness from a few inches to a yard or 
more, overlying pure and exceedingly fine micaceous 
sand, which extends to an unknown depth. The 
Khadir cannot properly be termed the channel of the 
river, though mostly inundated in high floods; and it 
is liable to be, and frequently is, encroached upon by 
the action of the stream, so that at no single point can 
it be said to be safe from its influence. Below Soor- 
kertal, the point selected by Sir A. Cotton as the most 
suitable for the canal head, the river, instead of flowing 
close to the foot of the Bangur land, as it is shown in 
the trigonometrical survey sheets, has now a course 
more than one and a half miles to the eastward. 

In considering Sir A. Cotton’s project for a canal 
head at Soorkertal, the committee first traced the 
necessary line for the channel from that point to the 
main caval. It would be carried along the Khadir, or 
low land, for a distance of twenty-nine miles, for the 
last thirteen miles of which section it would have to be 
formed within embankments, the maximum height of 
the water level being 24 ft. above the ground. At the 
end of the twenty-ninth mile, the channel would enter 
the Bangur in a cutting of about 865 ft.. which would work 
out to 15 ft. at the fifty-second mile, and from thence 
to the junction with the present line of canal the 
cutting would be moderate. The masonry works 
would be very heavy, as the channel, from beginning to 
end, is carried across the drainage of the country. ‘The 


cost of the canal is estimated at nearly 68} lakhs of 


rupees. 
The length of the proposed weir has, for economical 
reasons, been limited to 4000 ft., which is only nine 





sixteenths the width of the channel of the river during 
high floods. A scouring action would, however, be 
liable to be induced along the flanks of the work, and 
they would require either a great depth of foundation 
or have to be protected in front by a large quantity of 
rough stone. The estimate for the weir amounts to 
14 lakhs of rupees. The total cost, therefore, of the 
works for a new head at Sookertal, and a channel from 
it to the main line of canal to carry 5000 cubic feet per 
second, would be 112? lakhs ; but as Major Crofton’s 
estimate for the rectification of the whole length of 
canal from Hurdwar to the head of the Cawnpore 
branch, including compensation and loss of water-rents 
if the canal were closed for a year, amounts to about 
154 lakhs, it is evident that the Sookertal project 
cannot be recommended as a substitute. 

The examination which the committee made of the 
river at and about Gurmuktesur led them to conclude 
that the site is unsuited for head works. 

The point on the Ganges which seems best adapted 
for the construction of the necessary works, either for 
supplementing the lower part of the canal or for 
supplying water for irrigating additional land on that 
part of the Doab, is in the neighbourhood of Rajghat, 
nearly opposite Allyghur ; but although the committee 
do not recommend the present construction of such 
works, they consider that the project may be worthy 
of more careful examination at some future time. 

The committee consider that, owing to the unfa- 
vourable nature of the country, any further examina- 
tion of the scheme for head works on the Jumna, near 
Agra, is unnecessary. ‘The point on the Jumna which 
seems best adapted for head works and for the for- 
mation of a channel to bring the water on to the land 
to be irrigated is, they state, close to the village of 
Alee, about ten miles south of Delhi, and just opposite 
the old fort of Toghlukabad ; and they consider that 
a scheme for this purpose, and estimated to cost 
51,00,000 rupees, is ell worthy of a detailed exami- 
nation as an independent scheme for the irrigation of 
land in the lower part of the Doah. One member, 
however, Mr. Sibley, dissents from the views of the 
majority, advocating the formation of a canal from 
the Jumna at Toghlukabad in substitution for Major 
Crofton’s project. 

So much been said of the serious faults and 
inefficiency of this great work, that it was a matter of 
some surprise to the committee to find that it has 
been carrying nearly two-thirds of its full supply 
during the past twenty months, and that the naviga- 
tion, though imperfect, has been going on without in- 
terruption during the same period, during which the 
canal has not been closed for even a single day. The 
canal has now been in operation for eleven years, and 
though no outlay has been incurred for additional falls 
to lessen the slope and velocity of the current, which 
has been found to be much too great for the soil to 
bear, the area of irtigation has steadily increased. 
Looked at as an irrigation work, it has one very 
serious defect—the excessive slope of the country is 
not sufficiently overcome by artificial masonry falls, 
and consequently the velocity of current is too great. 
The canal cannot therefore be used to its fullest capa- 
bilities till the fall works are increased. Viewed with 
regard to navigation, the velocity of current is a great 
obstacle to traflic, and the want of sufficient headway 
under bridges on the Cawnpore branch is also a serious 
disadvantage. 

The excessive velocity of current appears to have 
been further increased by an imperfection in the ar- 
rangement for regulating the flow of water over the 
falls. The canal authorities do not appear to have 
been fully aware, till too late, that the current was 
much too rapid, and that it was steadily working upon 
the bed, and causing a retrogression of levels below 
each set of falls. The parts of the works which suf- 
fered most from this retrogression of levels were the 
floorings under the falls ; and another evil arising from 
that cause was the greatly increased velocity with 
which the water escaped from the floorings into the 
earthen section of the canal below. Various expe- 
dients were adopted by the canal officers to mitigate 
the evils caused by the retrogression of levels. Fur- 
ther serious injury to road bridges was prevented by 
protecting their foundations with boulders ; but retro- 
gression was not altogether arrested, and the falls 
were still exposed to a most violent action. Naviga- 
tion was a greatly impeded, for, owing to the 
limited depth of water admitted into the canal, the 
lock channels, instead of having a depth of 9 or 10 ft. 
of water in them, have barely enough water below the 
locks to float boats of light draught. 

In taking into consideration Majer Crofton’s scheme 
for remodelling the Ganges Canal, the committee can- 





not but regard some of the changes provided in the 
project as ynneccoouriy ot ive, and they therefore 
suggest that certain of them Should be carefully recon- 
sidered ; and they alsosdyaw attention to some points 
affecting both the navigation and irrigation which 
seem to call for consideration as measures of future 
improvement. HOARY dl pine 

Vith reference tothe proposed masonry weir across 
the Ganges at Hurdwir, # is stated that if 5000 cubic 
feet per second were’ to be the full supply of the 
canal, the committee would not advocate its con- 
struction,, but that when the full supply of 7000 cubic 
feet per second has. to'he thrown into the canal, the 
construction of a weir becomes more necessary. 

As regards the financial state of the canal, it is 
pointed out that the annual statement of remunerative 
works in the North-West Provinces exhibits the Ganges 
Canal in an apparently hopeless state of indebtedness, 
The total expenditure on new works is charged with 
interest at the rate of 5 per cent., and the expenditure 
up to the end of 1863-64 having amounted to upwards 
of two millions, the ¢harge for interest is over ten 
lakhs of rupees. The total income for that year was 
7,73,390 rupees, and the expenditure in maintenance 
and for establishments was \6;09,711 rupees, leaving 
only 1,63,679 rupees to meet the charge of ten lakhs. 
About 8,40,000 rupees thus appear at the end of the 
year as a balance of ‘charges:against the canal. This 
operation, which has been’ \gomg on from the com- 
mencement has caused: the accumulated charges up to 
the end of the year 1863-64 to amount to me ae of 
eighty-three lakhs of rupees. 

The committee do no not consider that the above 
calculation affords at alla fair criterion of the merits 
of the canal. The excessively low water rates levied, 
and the omission to credit the canal with any of the 
increase of land revenue. to which it has given rise, 
have made this work appear far less remunerative than 
it has in fact proved to be. The total expenditure on 
new works, including rajhahas, up to the end of 
1864-65, was 2,08,14,654 rupees, the interest at 5 per 
cent. 10,40,732 rupees ; ,the nett receipts only yield a 
return of fully 34 percent; but if the enhancement of 
land revenue due to the canal, which is approximately 
estimated at 2,90,000 rupees, be credited in the re- 
ceipts, the return for the year would be 5 per cent. on 
the outlay. An increase of ‘irrigation may be con- 
fidently anticipated, and as the cee for establish- 
ment and maintenance do. not increase in the same 
proportion, the nett receipts will go on steadily in- 
creasing year by year, and it is expected that they will 
in future not only suffice to cover the charge of five 
per cent., but to pay off the accumulated interest of 
ormer years, and that. once effected, to yield a clear 
ne of 8 per cent. per annum, exclusive of the en- 
1ancement of land revenue. 

After a full consideration of all points bearing on 
the subject, the committee arrived at the following 
conclusions : 

I. That the construction of'a weir across the Ganges 
below the confluence of the Solani, with other neces- 
sary works for supplying water*to the canal, at an 
estimated cost of 1,12,86,814 rupees, cannot be recom- 
mended. 

II. That the project, for opening an additional canal 
head, including the eonstruction of a weir on the 
Ganges at Rajghat, or.other,point in that part of the 
river, at a cost of 1,13,04,170 rupees, for bringing under 
irrigation lands not,aqw watered by the canal, is 
feasible, but should ve held in abeyance until the pro- 
bable returns appear more proportionate to the outlay 
than at present. tr 

III. That the’ construction of +a weir across the 
Jumna at Toghlukabad, with:a canal for the irrigation 
of that part of the Doab below Allyghur not under the 
influence of the Ganges Canal, at a probable cost of 
35,45,701 rupees, inclusive of branch channels, is prac- 
ticable, and that the project. should be further investi- 
gated; but they are of opinion.that it cannot be sub- 
stituted for any portion of{Major Crofton’s project. 

IV. That Major Croftom’p project for remodelling the 
Ganges Canal should be progeeded with, subject to the 
the modifications suggested inthis report. 

V. That the construgtio# Of permanent weir across 
the Ganges at) HurdWar, though not indispensable 
while the present reduced quantity of water is passed 
down the canal, will become a matter of absolute 
necessity in order to'fnaintain, without risk of inter- 
ruption, the full supply of 7000 cubic feet per second. 








Tue “Pzasopy” RiFiz.—The Peabody rifle, of which we 

ve a description on 13 of the present volume, is about to 

adopted by the Canadian Government. The use of this 
breech-loading rifle appears to be rapidly extending. 





Sept. 21, 1866.] 


ENGINEERING. 


203 








THE WATER SUPPLY OF PARIS. 


In Paris, as in so many other. capitals, a question of 
great present interest is that of increased water 
sup aly. 

With a population of 1,700,0000 souls, Paris now 
receives a total supply of 240,000 cubic metres, or 
about 53 millions of gallons per day, giving an 
average of 31 gallons per head, part of which is due to 
some works very recently constructed, A further 
item of 16,000 cubic metres is expected to be added 
within a very short time by the completion of the 
works which collect the water of the river Dhuys, and 
to this a total additional supply of 196,000 cubic 
metres is proposed to be procured by the collection of 
the sources of the river Vanne, by pumping water 
from the Marne river, and by boring two new artesian 
wells. 

The present waterworks are divided into. two 
distinct branches, which are entirely independent of 
each other, both with regard to the sources of supply 
and with regard to the reservoirs and service pipes. 
They are distinguished as “ spring water” and “river 
water” service, the former supplying the water for 
domestic use, while the latter serves for the so-called 
public use, ¢.e. for cleaning the streets and sewers, for 
filling the public reservoirs, artificial lakes in_ the 
parks, ornamental fountains, &c. ach street of Paris 
is supplied with two different systems of pipes, viz., a 
spring-water service pipe and another for the supply 
of river water. 

The principal source 
of the spring water is the 
river Dhuys. The water 
from this river is col- 
lected and brought into 
Paris by an aqueduct of 
134,000 metresinlength, { 
of which a length of 
118,000 metres is con- 
structed in brickwork \ \“ 
and 16,000metres length \\\ 
consists of cast-iron 
pipes. The section of 
the brick culvert is 
ovoidal, of 1.40 metres 
in greatest width and 1.76 metres height, internal 
measures ; the iron pipes have an internal diameter of 
1 metre and a thickness of 0.021 metre for the lower 
pressures, and 0°025 metre for the higher pressures. 

These differences of pressure are due to the different 
altitudes of the districts supplied with water. 

The fall of the brick aqueduct is 1 : 10,000; the fall 
or loss of head in the iron pipes is about 1: 2000. 
The Dhuys water is delivered into the upper part of 
the recently constructed great reservoir of the Menil- 
montant, containing 100,000 cubic metres, and a small 
part is pumped some 30 metres. higher up, into the 
upper reservoir of the Telegraph, which supplies the 
highest parts of Paris, viz., Montmartre, Belleville, &c. 

The other sources of spring water are those of 
Arceuil, collected in the reservoir of the Pantheon and 
the artesian well of Grenoble, all of which communi- 
cate with the first and with each other through the 
service mains. 

The spring water is supplied at three different 
heights; the low level reaching to a height of 48 
metres above the level of the Seine, the high level from 
48 to 81 metres, and the small district of Montmartre, 
&c., to which the water is pumped from the high-level 
reservoir. 

There exists another source of spring water, which 
has, however, not yet been made. use of for domestic 
purposes, and is at present employed in feeding the 
artificial lake of the Bois dé Boulogne. ‘This is the 
great artesian well of Passy, with a yield of 8000 
cubic metres per day. 

The total present supply of spring water, including 
the well of Passy, is 35,600 cubic metres, and, with the 
completion of the Dhuys waterworks, will be shortly 
51,600 cubic metres per day. . 

The river water is obtain by pumping from the 
canal of the Oureq, and from the Seine and Marne 
rivers. 

The canal of the Ourcg is entirely open, and serves 
also for navigation. It supplies the reservoir De la 
Villette, containing 200,000 cubic metres. From this 
reservoir an aqueduct of nearly 4 kilometres length 
leads to the reservoir of Monceaux, containing 100,000 
cubic metres. It branches off at different places, sup- 
plying the main service pipes and some smaller reser- 
Voirs distributed over the town. 

The Seine water is pumped into the reservoir of 
Passy, containing 40,000 cubic metres of water, and 














into the reservoirs of Gentilly, Charonne, Charenton, 


Montmartre, Batignolles, Passy, Vaugiraud, and Pan- 
theon. ‘The Marne water is raised to the lower resér- 
voir of the Menilmontaut and ‘of the Telegraph. 

All the reservoirs supplying river water are equally 
in communication with each other through their re- 
spective service pipes, so that the irregularities of 
supply and the consequences of accidental stoppages 
of machinery are equalised all over the town. By 
this arrangement great regularity and constancy is ob- 
tained in the supply of water to all parts of Paris. ~ 

The river water is delivered at two levels—the low 
and high level—corresponding to those of the spring- 
water supply. 

The water level of the Seine river, at Pont Royal, 
is 25.04 metres above the sea, and the highest parts 
of Paris are at 130 metres, giving a greatest height of 
about 105 metres for the delivery of river water by 
the pumping-engines of Paris. 

Of the proposed new works, the two artesian wells 
are in progress of excavation; the aqueduct of the 
Vanne, although sanctioned by the authorities, is still 
under consideration of the engineers with regard to its 
details, which have not yet been entirely decided 
upon. 

For the data of the above description we are in- 
debted to an eminent American engineer connected 
with the water supply of New York, who is at present 
in England collecting valuable information about the 
waterworks of the principal European cities. At 
his request, and in reply to his inquiries, M. Belgrand, 
the chief engineer of the Paris Waterworks, m the 
most courteous and obliging manner compiled a com- 
plete and valuable series of answers, of which we have 
been permitted to avail ourselves. 

To the information supplied by M. Belgrand we add 
the following account of the reservoir at Menilmontant : 

The Menilmontant reservoir has been recently con- 
structed to receive the waters of the Dhuys and the 
Marne. 

The Dhuys, which falls into the Surmelin, a tributary 
of the Marne, is all brought to Paris by a covered 
aqueduct 2 metres in height by 1.40 metres span at 
springing. 

The hill of Menilmontant, where the reservoir is 
situated, lies at 107.85 metres above the level of the 
sea, and at 82.61 metres above the low-water mark of 
the Seine or the zero at the Pont de la Tournelle. 
The upper reservoir, which receives the waters of the 
Dhuys, has an area of 2 hectares, or 5 acres; and as 
the depth of the water is fixed at 5 metres, it would 
contain 100,000 cubic metres, or 22,009,675 gallons, for 
distribution. 

In plan it is a semicircle of 94 metres radius, flanked 

bya rectangular part. The semicircle lies towards the 
slope of the hill, and as the reservoir is excavated in 
the green marl which lies on the top of the gypsum, 
this form gives more resistance to the pressure of the 
earth. Besides, it contains the greatest area within 
the smallest amount of wall. The nature of the ground 
rendered it necessary to excavate to the solid ground. 
This extra height has been availed of to build a lower 
reservoir, of the capacity of 32,000 cubic metres, to re- 
ceive the waters of the Marne, pumped up from St. 
Maur. By the amount just mentioned, it will be seen 
that the whole of the lower reservoir is not required, 
but was necessary to be constructed in order that, the 
yiers might be carried down to a good foundation. 
Lhe reservoir is divided into two equal and symmetri- 
cal parts by means of a thick wall. These two com- 
partments are quite independent of each other, so that 
whilst one is being repaired the other can contain half 
the total supply of water. 

The external distributing reservoir of the waters of 
the Dhuys serves as a junction between the supply- 
pipe and the large reservoir. In this reservoir there 
are three gun-metal valves, to regulate the three 
conducting-pipes, two of which communicate with the 
two compartments of the reservoir; the third crosses 
but does not communicate with it, and conducts the 
water directly to a distributing-pipe of 1 metre 
diameter. 

At the bottom of each compartment of the reservoir 
is a sluice that enables the water to be discharged into 
the lower reservoir. The bottom is arranged sloping 
1 in 1000 towards the centre, to enable it to be per- 
fectly emptied. : 

The water in the Marne reservoir can be diverted 
into the culvert which contains the distributing-pipes. 

The depth of water in the two reservoirs is limited 
to 5 metres above the bottom, by means of a vertical 
tube, which communicates with the discharge culvert. 

The waters of the Marne are brought by two con- 
duits. There are, likewise, two sluices that communi- 
eate with both the lower reservoirs, 





The piers of foundation are placed at a distance of 
6 rhétres from’ céntre to centre on the gypsum which 
lies under about 7 or 8 metres of green marl. 
The side walls, at the level of foundation, support a 
preasure of 5 to 54 kilogrammes when the upper reser- 
voir is filled to a depth of 5 metres with water. 

The external wall of the Dhuys reservoir is 1.70 
metres in thickness. The masonry is bound together 
by iron chains, and firmly fixed by holdfasts 70 centi- 
metres in depth. ; 

The arches of the lower reservoir are 40 centi- 
metres in thickness at the key. 

The covering of the upper reservoirs are formed by 
arches of two courses of bricks. They have a rise of 
60 centimetres, and have only to support a thickness 
of 50 to 60 centimetres of earth covered with turf. 
This covering slopes slightly towards the centre of 
the reservoir, to enable the rain-waters to fall into the 
lover reservoir by means of a vertical pipe. The front 
wall of the reservoir is protected by a 1 soll of earth. 

No dressed stone, with the exception of a small 
quantity required for the setting of the metal work, has 
been used in this great work. 

All the facing is Vassy cement, called Gariel ce- 
ment. For works intended to contain water, whether 
reservoirs. Or cisterns, ‘it ‘is most importaut that the 
surfaces''should be smooth; otherwise the water 
charged with any matter, however little, deposits it, 
and perfect cleaning becomes difficult when the reser- 
voir is emptied. 

The Vassy cement is well adapted f fulfil these 
conditions. 

The quantity of earth excavated amoynted to 
200,000 cubic metres, and- the masonry to 70,000 
cubic metres. The total cost was. 3,700,000 fr., or 
148,000/.; so that the cost per cubic metre for stor- 
ing the water was 28 fr. 

This grand work was designed and constructed by 
M. Huet, ingénieur des Ponts et Chaussées, under the 
direction of M. Belgrand. Its. construction was en- 
trusted by the municipality of Paris to Messrs. Gar- 
nuchot and Loroque, and executed in the space of two 
years. This celerity, due in..a great measure. to.the 
activity of the contractors, has not been prejudicial to 
the works. 

The regularity of the distributi 
by the immense size of the reservoir. e are deposited 

matters held in suspension, and the reservoirs are 
sheltered from the action of the sun; so that no vege- 
tation can be developed. 

The Menilmontant reservoir is a ‘work of public 
utility, being the largest in Paris; and the only ones 
that approach it in size ‘are those of Passy and _ Belle- 
ville, and they contain, but 40 and 36 thousand cubic 
metres of water. 

Even looking back tothe therthe of Diocletian and 
Caracalla, this work seems worthy of the Romans, our 
masters still in the management of the water supplies 
to large cities. 
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Tue Mont Cenis Tunnet.—From the annual report of the 
International Franco-Italian Commissioners on the Mont Cenis 
Tunnel, it appears that up to end of lust June the progress 
made at the Modane or French side amounted to 2321 metres; 
of this 2031 metres were completely finished. At Bardoneche, 
bn the Italian side, \the:tunnelling was found to extend to 3470 
metres, of which’ 2638 were finished, and the commissioners 
satisfied themselves.and reported that all the conditions of the 
Paris Convention of ‘the 7th of May, 1852, had been properly 
carried out,’ The excavation through the quartz formation had 
ee but slowly, in consequence of the rock becoming 

arder the further the work was carried; nevertheless, 230 
metres had been excavated through it. The quartz rock had 
been met with at the exact spot anticipated by the geologists 
and engineers, and was not expected to extend beyond the 400 
metres originally suggested. In a couple of months it was 
expected that the masonry would have reached the point 
at which the tunnel began to pass through the quartz, when all 
timbering would thenceforth - dispensed with. On the other 
hand, the work at the Italian end is reported to have made 
more rapid progress, in consequence of the softer character of 
the material to be passed through. The total length to be 
excavated is 12,220 metres, or about 7} miles. 

SreaM Firt-ENGINeS.—Messrs. Merryweather and Son have 
just sent two steam fire-engines to Belgium, the first, we under- 
stand, yet introduced into that country. One has gone to 
Malines, the other to Antwerp, where it has already rendéred 
service at a petroleum fire. 

Tue Borer Expiosion AT CHatHam Dockyarp.— 
No official ay 1g 4 into the cause of the late explosion has taken 
place. Mr. L. E. Fletcher, the engineer to the Manchester 
Boiler Association, has, after conferring with the Admiralty 
authorities, visited Chatham, and will, we believe; make w 
special report. Unless the boiler was under regular periodical 
inspection, it’ was, of course, liable to all the dangers which 
voiler inspection constantly discloses in the Lancashire district, 
and yet its explosion may have destroyed all evidence of the 
cause. No positive proof of insufficiency of water has been 
adduced in this case, ‘and the adjoining boiler has, upon exani- 
nation, been condemned to be broken up. 
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HORIZONTAL ENGINE WITH PISTON VALVE. 
CONSTRUCTED BY MESSRS. JOHN YULE AND CO., HUTCHESONTOWN ENGINE WORKS, GLASGOW. 
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Tue engine ot which we give illustrations above is one which 
has been patented by Messrs. John Yule and Co., of the 
Hutchesontown Engine Works, Glasgow, from whom we have 
received the drawing from which our engravings have been 
prepared. Fig. 1 is a side elevation, with one of the valve cylin- 
ders shown in section ; Fig. 2 is a sectional plan; Fig. 3, a 
transverse section taken partly through the centre of the cylin- 
der and partly through one of the end ; and Fig. 4, a 
transverse section taken through the crosshead guide. The 
particular engine shown has a cylinder 12 in. in diameter with 
a stroke of 2 ft., and is intended to work at a speed of 100 re- 
volutions per minute, but this rate of working may be increased 
to 150 revolutions per minute, if desired. 

There are separate valves for the admission and eduction of 
the steam, these valves being all of the piston form, as shown 
in the figures, and being driven by separate eccentrics. As will 
be seen from the sectional plan, they are arranged in pairs, one 

ir on each side of the main cylinder, the cylinders or barrels 
in which they work being bushed at the ends, so that the parts 
which become worn by the movement of the valves can be readil 
enewed, The steam passages are 7 in. long by 1} in. wide, and 
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are made as short as possible, so as to avoid loss of steam. 
The piston valves are 4 in. in diameter, and are forged solid 
with the valve spindles. Outside the valves the spindles are 
packed, the packing being kept in place by — tightened up by 
nuts fitted to screws formed on the spindles. In large engines 
the valves themselves are fitted with steel packing ring®, but in 
small engines this is not found to be necessary. The valves 
are, of course, in equilibrium, the steam being admitted between 
those forming one pair, and exhausted from between those form- 
ing the other. As the admission and eduction valves are quite 
independent of each other, thé former can be made with any 
desired amount of lap without affecting the action of the latter. 
The crosshead guide is of the form now very frequently applied 
to marine engines, the crosshead having a single guide block 
working in a dovetail-shaped guide formed on the engine frame. 
The arrangement is shown in Figs. 1 and 4. The remainin, 
parts of the engine do not differ greatly from those in genera 
use, and their construction wili be sufficiently plain from the 
illustrations. We may mention that one of these es has 





now been in use for some time at the works of the man 
and has been found to work well and economically. 
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Tae New West Docks at Hoit.—The works of the 
New West Dock at Hull have received some rather serious 
damage from the heavy floods caused by the severe rains of 
Sunday and Monday last. @fhe works were commenced five 
years ago, and it was expected that in the course of —_ 
eighteen months they would be open for traffic. The dock an 
basin are about a mile in length, and about 120 yards in breadth. 
With the water space, quays, and warehouses, the docks are 
estimated to cost 1,000,000 Mr. Hawkshaw, C.E., is the 
engineer, and Mr. J. M‘Cormick, M.P., the contractor. The 
loss to the contractor will be considerable, and it is feared that 
the completion of the works will be somewhat delayed. : 

Luoyps’ Recisrry AND Mr. T. M. Graperons.—Sinee 
Lloyds’ proving-house for ~~ cables: and anchors ry hey 
placed virtually under the direction of the Board of wee 
nothing remained for Lloyds’ engineer, Mr. T. M. Gladstone, - 
to send in his resignation. In accepting this, the committee of 
Lloyds have testified in the highest terms to the ability, La 
genuity, and energy with which Mr. Gladstone er} 
proving-house at Poplar. Mr. Gladstone is now establish 
a consulting engineer in York-buildings, Adelphi. 
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BOLT-SCREWING AND NUT-TURNING MACHINERY. 


CONSTRUCTED BY MESSRS. SHARP, STEWART AND CO. (LIMITED), 
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WE gave, last week, an illustrated description of a duplex 
slotting machine manufactured by Messrs. Sharp, Stewart, and 
Co., for the purpose of shaping nuts and bolt heads; and at the 
same time we stated that the same manufacturers included 
amongst their bolt and nut machinery a form of nut lathe and 
Sellers’s screwing mach ine. Of these last two machines we now 
give illustrations, In the accom ying engravings, Fig. 1 is an 
end view, Fig. 2 a side devetion I Fig. 3 a plan of Messrs. 
Sharp's nut lathe, from which it will be seen that it consists of 
a short bed furnished with a headstock resembling that of an 
ordinary lathe. The slide-rest is furnished with tool-holders, 
which carries two knife tools, one for facing and one for cham- 
fering, as shown in the plan. One of these tools is reversed, 
80 that they can both cut at the same time. The tool-holders 
are not fixed directly upon the slide-rest, but are mounted 
upon a plate which turns horizontally upon a pin placed out of 
the centre line of the machine, and is furnished with a handle 
by which it can be moved when desired, it being held by a 
Spring catch when in the position shown in the engraving. By 
moving the handle round one-fourth of a turn the tools are 
withdrawn from the work, and sufficient room is given to 
remove the nut which has been turned, without shifting back 

slide-rest. A reversing motion is provided for running off 
the nuts, and the slide-rest has a self-acting movement worked 
by an adjustable crank at the end of the lathe spindle, as shown 
in the figures, this feeding the tools towards the nut. 
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The screwing-machine is, as we have already stated, that 
known as “ Sellers’,” it having been designed and patented by 
Mr. W. Sellers, of Philadelphia. Fig. 4 isa longitudinal section 
of this machine; Fig. 5, an end view; Fig. 6, an elevation of 
the sliding holder; Fig. 7, a view of the holding clamps; Fig. 
8, a longitudinal section and, Fig. 9, a front elevation of the die 
box; Fig. 10, an elevation of a cutting die; Figs. 11 and 12, a 
section and front elevation of the tap-holder; and Figs. 13 and 
14, views of the key for fixing the tap-holder. One of the 
chief peculiarities of the machine is that it is run always in one 
direction, the screw thread being cut by one operation, and 
the bolt released by the withdrawal of the dies without the 
machine being stopped or reversed. 

The general arrangement of the machine is clearly shown by 
Figs. 4 and 5, from which it will be seen that the belt pulleys 
which receive the motion are fixed upon a shaft, D, runnin 
along the lower of the machine, Dom this shaft is fix 
the pinion, E, which gears into a spur wheel, F, placed upon 
the tubular die-box spindle, and giving motion to it through 
the arms, N, which are keyed upon the spindle, and are secured 
to the spur-wheel, F, by c — as shown in the figures. 
The spur-wheel, F, is furnished on one side with the projec- 
tion, G, which drives the spur-wheel, K, fixed upon an outer 
tubular spindle surrounding that of the die-box, and connected 
with the cam-plate which we shall now describe. The 





ment of the die-box is shown to an enlarged scale in Figs. 8 and 


ATLAS WORKS, MANCHESTER. 





YU, 
K(\, YY 
VM 


Y 





9. There are three cutting-dies, A, these being each made with 
a notch on the front side, as shown in the separate view, Fig. 
10. Into these notches fit the cams, B, which are fixed to 
the cam-plate, H, forming the cover of the die-box. Between 
the ends of the cams, B, are openings, O, through which the 
dies can be inserted or withdrawn, these openings being closed, 
when it is not required to remove the dies, by the set screws, 
P. The cam-plate is fixed to the outer tubular spindle 
already mentioned, and, as this receives its motion from the 
projecting lug, G, on the spur-wheel, F; both the die-box 
and cam-plate revolve together, and no inward or outward motion 
is given to the cutting dies whilst the screw is being cut. 

he withdrawal of the dies necessary to release the bolt after 
it has been screwed is effected in the following manner. On the 
shaft, D, is on loosely the lane: J, which gears into the 
spur-wheel This pinion, J, is rather larger than that, E, 
which drives the spur-wheel, F, and it can be connected to the 
shaft, D, by a friction clutch, which can be thrown into gear by 
the handle, L. When the clutch is thus thrown into gear, the 
wheel, K, is caused, by the action of the pinion, J, to overrun the 
wheel, F, and the cam-plate is uently so moved relatively 
to the die-box that the dies are withdrawn and the bolt re- 
leased. This having been accomplished, the handle, L, is 
released, when the friction clutch is thrown out of gear by the 
action of a counterbalance er and the pinion, J, is brought 
into contact with a leather which retards its motion, 
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and consequently that of the wheel, K, thus allowing the wheel 
F, to overtake it and drive it as before, the dies being at the 
same time brought back into their proper position for cutting. 
The adjustment of the dies to the exact position required for 
cutting a bolt of any given size is effected by the aid of the 
graduated index, M, shown in Fig.5. For advancing the dies, 
the arm, N, is turned in the direction of the arrow, thus carry- 
ing the dies forward along the cams, the latter being mean- 
while kept stationary y holding the wheel, K, which is fixed 
on the cam-plate spindle. The dies are thus»advanced to the 
proper position for cutting, and the spur-wheel, F, is then 
turned so that the projecting lug, G, is engaged with the wheel, 
K, after which it is securely clamped to the arm, N, by the set 
screws, The machine is then ready for starting work. The 
total length of the graduated index on with the total 
length of the cams, and a table is supplied with each machine, 
showing the position on the index to which the pointér ‘has to 
he set to cut bolts of the various. diameters within the range. 
The bolts may be made slightly larger or smaller by varying the 
position of the pointer, and the-index ulso affords the means of 
re-adjusting the machine when the digcs have been re-cut. 

The bolt or nut which is to be screwed is held between the 
clamps, U, of the sliding holder, 8, which is shown in Fig. 6, 
these clamps being opened and closed by a pair of right and 
left banded screws, geared together by the pinions, V V, and 
worked by the hand wheel, W. The sliding holder is furnished 
witha handle, T, at the back, this handle having a finger fitted 
to it, which takes inté’a THK GA the main frame, as shown in 
hig. 4. This arrangement gives sufficient leverage for the 
momeftary pressure which bus to be put upon the bolt on its 
first contaet with the cutting dies, so as to secure its entrance. 
‘The clamps, U, for holding the belts are shown separate in Fig. 
7. As it is essential that the bolt or nut to be screwed should 
he held fairly in the axis of the die-box, the clamps are bored 
out in their places in the machine, and are afterwards slotted to 
the required shape. 

For cutting new dies or recutting old ones, a set of master- 
taps, supported by a circular thimble, which slides inside the 
hollow spindle of the die-box, is employed. The dies are pressed 
close up to the master-tap by means of the arm, N, on the 
rpindle of the die-box, and the machine being run backwards 
and forwards, the dies are again closed, and so’on until the pro- 
cess is completed. The machine is temporarily fitted with a 
crossed belt during the. time the die-cutting process, is being 
erformed, a nal stop being first inserted. in the cluteh, G, 
etween the spur-wheels, F and K, so as to make them immov- 
able with respect to each other. When the machine is used for 
tapping nuts, the cutting dies are removed, and the tap-holder 
shown in Figs. 11 and 12 substituted. This holder is inserted 
in the hollow spindle of the die-box, and secured from turning 
by a blank die (Figs. 18 and 14), which serves as 4 key, and 
fits into the notch in the tapholder. 

A large number of these machines have now been set to work 
in this country and in America, and they are found to turn out 
very good work at a high speed, whilst from their shape and 
arrangement the dies last a‘ long time without recutting, On 
the occasion of & paper on this machine being read before the 
Institution of Mechanical Engineers, some time ago, a set of dies 
was exhibited, which had screwed 14,000 Zin. bolts without 
having been recut, they »aving only been faced twice upon a 
grindstone like an ordinary chasing tool. Owing to the bolts 
being released without stopping or reversing the machine, a 
great deal of work can be turned out by it, it being capable of 
screwing }in. bolts for a length of 1 in. at the rate of over ninety 
per hour. Our engravings of the bolt arid nut machinery above 
described have been prepared from drawings with which we 
have been supplied by Messrs. Sharp, Stewart and Co. 





LOCOMOTIVE ENGINES, 


Tue natural limit to the heat-conducting power of 
metals opposes an impassable barrier to the attempt to 
generate pi uantities of steam within a much 
smaller compass than that of the existing locomotive 
boiler. Even under the hardest firing, a square foot 
of metal plate will not transmit more heat in an hour 
than is sufficient to evaporate about one cubic foot of 
water, And in this case, a great deal of the heat must 
be allowed to go to waste, in order to maintain the 
requisite difference of temperature between the fire side 
al the water side of the plate. To obtain the most 
economical evaporation, we cannot depart widely from 
the proportion fixed by Watt, of about one square yard 
of heating surface for each cubic foot evaporated per 
hour. When we come to examine the matter closely, 
we are struck with the apparently slow rate of trans- 
mission of heat which this evaporation represents. In 
evaporating one cubic foot per hour from a surface of 
nine square feet, the depth boiled off in each minute is 
but th inch, and it requires several seconds—ten or 
twelve—to boil off a stratum or couche of water no 
thicker than a leaf of common booh-paper. In the case 
of locomotive engines, the rate of evaporation is some- 
what higher, say, a cubie foot per hour from every five 
or six square feet of total surface, while the evaporation 
due to the firebox surface alone is, of course, much 
greater. 

In the older boilers, the whole heating surface was 
of thick, and therefore heavy, iron or copper plates, 
while this surface, when that of a large cylindrical or 
other vessel, also enclosed a large volume of water, 
often of many tons weight. In the locomotive boiler 
a great saving of weight is eilected, but the. total 
necessary extent of heating surface remains practically 
the same as before. And we can hardly hope to meet 





with any simple and durable locomotive boiler which 
will do more work with less weight than that of the boiler 
which we now have. Experience with many thousands 
of locomotive boilers has shown that tubes about 
1Zin. in diameter and 11 ft. or 11} ft. long give the 
best results, and although tubes as small as 1} in. and 
as large as 3 in. have been used, the departure, either 
way, from about the standard we have named has 
generally been found disadvantageous, and much in 
proportion to the extent of such departure. 

A gradual increase is being made in the size and 
power of locomotives, and for high-speed engines the 
weight is considerably in excess of that required for 
adkesion—high-speed engines being those in which the 
least weight consistent with efficiency is of the most 
importanee. ‘The steam pressure, too, is being gradu- 
ally increased ; but this, of course, is not attended with 
a saving of weight, except as the steam may be worked 
more expansively, and a greater amount of power thus 
obtained from a given quantity of steam. Practically, 
the same extent of heating surface is required, and the 
same bulk of water is to be carried, whatever the 
pressure of the steam, and thus, beyond the increased 
thickness of the plates of the boiler necessary for in- 
creased pressures, the weight of the boiler is not 
affected either way by the consideration of the pres- 
sure, unless advantage be taken of the higher pressure 
to work more expansively. 

What the safe and practicable limit of pressure is 
cannot be absolutely settled from past experience only. 
The safe limit was considered, only a few years ago, to 
be but 50 Ib., afterwards 100 lb., more lately 130 lb., 
and now many engines on’the lines about London are 
worked at 160 lb. The rise has been very great from 
the first, but it has not been a rapid rise, and locomo- 
tive engineers have had to proceed with great caution. 
Indeed, there is but little danger of English engineers 
being otherwise’ than cautious, and if they err, they 
like to err on the safe side. But extreme caution is 
quite reconcileable with constant efforts to effect im- 
provement, not by hasty and sweeping changes, but 
by constant observation and proper experiments to 
determine how far we may safely go beyond where we 
now are, In all our own suggestions for improvement 
it is this, and this only, whick we would keep in view ; 
for while there are ignorant men who would rashly fly 
in the face of all knowledge and all experience, there 
are almost, if not quite, as many others who practically 
accept the doctrine of finality, and who openly maintain 
that there is neither prospect nor need of further im- 
provement. 

As to the advantages of high pressures on railways, 
so long as they are not: attended with danger or special 
expense, there can be no reasonable doubt. As to the 
probability of a considerable increase beyond the pre- 
sent limits, we have several encouraging facts, to which 
most locomotive engineers are directing their attention. 
Metal which we will not call iron or steel, although it 
on of the qualities of both, can now be made in 

uctile plates, and of a tensile strength of 70,000 lb. 
per square in. and upwards. At present the various 
qualities of steel plates have not fully answered when 
exposed directly to the fire in the firebox, but Mr. 
Ramsbottom has introduced circular fireboxes of 
Bessemer steel into twenty-six of his shunting engines, 
and with entire success. Beyond this there is hardly 
the least doubt that the same metal is perfectly adapted 
to the barrels and firebox-casings of locomotive bella 
Again, there are the strongest probabilities that metal 
boiler-rings may be rolled out whole, in much the same 
manner as all the steel tyres now made at Crewe are 
produced. We confidently look forward to the time 
when a rivetted boiler-seam, in a locomotive boiler, will 
be counted a relic of barbarism. If, then, we may have 
boiler-rings without seam or weld, made from a material 
of which the breaking strain is 70,0001b., then the 
bursting strength of a 50in. barrel, 4 in. thick, would 
be no less than 1400 1b., and a working pressure of 
280 1b. would give a factor of safety of 5, which is 
considerably beyond that which prevails in many loco- 
motive boilers now at work. We illustrated, a fort- 
night ago, a small steel boiler made for Mr. George 
Salt, of Saltaire, which has not one rivet init. All the 
joints are welded, and the boiler has been proved to 
300 Ib., and is intended to work at 250 Ib. 

It is not to be overlooked that, besides great 
absolute strength in the boiler-rings themselves, an im- 
portant and interesting problem remains how to make 
a large boiler which shall, as a complete structure, 
carry a pressure of 250 Ib. to 300 lb. ; inshort, to make 
all parts as strong as the barrel. The water spaces 
around the firebox are of great strength, and may in- 
deed be made of almost any strength required ; but the 
firebox crown and the end plates would require much 





staying to bring them up to a bursting strength of 
1400 Ib. to the inch. In the present American practice, 
in which steam as high as even 180]b. is carried in 
boilers formed of but 45, in. plates, the crown of the 
firebox is arched and connected by short stay-bolts 
directly to the firebox casing, as shown in the drawings 
of the American engines given in page 308 of our last 
volume. These fireboxes are very strong, and crown 
bars are dispensed with. The tube-plates are suffi- 
ciently stayed by the tubes themselves, which are set 
with an expanding mandril, and the flat surface of the 
smokebox tube-plate, above the tubes, is stayed by 
diagonal stay-rods, secured to the barrel of the boiler. 


Without going further, at present, into the con- 
structive details of boilers to carry very high pressures, 
we may note that, were it generally recognised as an 
object to work steam at 300lb., we feel quite con- 
vinced that locomotive engineers would attain that 
point without incurring any permanent risk, and that 
they would not need to depart widely from the present 
form, dimensions, and weight. 

The object in carrying very high steam is that of 
working more expansively than at present : to obtaina 
given power-with perhaps one-half or at most two- 
thirds of the steam now used. Steam of from 250 lb. 
to 300 1b. might be expanded from fifteen to eighteen 
fold with advantage, if it could be kept hot during ex- 
pansion, and supposing the rotating force of the engine 
not to be too irregular. At present the pressure of 
160 lb., maintained in fourteen out of the fifty-four 
engines of the North London Railway, and in some of 
the Great Northern engines, is not carried with any 
view to high expansion, yet, in the case of non-con- 
densing engines, its fitness for great expansion is the 

rincipal recommendation of high-pressure steam. 
3ut it is practically out of the question to speak of 
expanding fifteen or eighteen fold in a single cylinder. 
Locomotives have two cylinders, however, and as they 
need not necessarily be of the same diameter, the 
steam could be worked from one into the other, 
although but half as many exhausts would thus 
be obtained for the blast-pipe. The compound 
engine is too well known, even to locomotive 
engineers, to require a word of explanation, but its 
working has been somewhat recently modified in a 
manner which is not so well known. It is becoming 
the practice of several marine engineers, both at home 
and abroad, to employ a high and a low pressure piston, 
working upon cranks at right angles to each other, the 
steam from the high-pressure piston being exhausted 
into a receiver, whence it passes to the low-pres- 
sure cylinder, when the piston of the latter is ready for 
it. The better practice is to superheat the steam in 
this receiver, and, for anything like a total expansion 
of fifteen or eighteen fold, this intermediate superheat- 
ing is, indeed, most important. This mode of working 
could, no doubt, be carried out in locomotives, one 
cylinder being smaller and the other larger than at 
present. There would be difficulties, and so there 
are in almost every departure from existing practice, 
but we doubt if these are insuperable. One apparent 
objection would be in starting with a single crank— 
that of the high-pressure piston, but there are ways of 
getting over this. The late Mr. Weallens, of Messrs. 
Robert Stephenson and Co.’s works, took out a patent 
for means for turning steam direct from the boiler into 
the low-pressure po when about to start. To 
this practice there is the objection that the low-pres- 
sure piston ought hardly to be made to bear the full 
boiler-pressure, although there would be no insecurity 
under such a strain applied for a little time. There is 
the further objection that the engine-man might choose 


to keep the communication open between the boiler 


and the low-pressure cylinder after starting. In the 
case proposed, however, he would thus gain little or 
nothing, for until he shut this communication his high- 
yressure piston would be not only ineffective, but proba- 
ly working against a back pressure greater than that of 
the steam on its workimg face. He would thus be 
working, practically, with a single crank, he would 
probably slip his driving-wheels, and he would 
quickly run down his steam. We believe that if the 
engine did not in a majority of cases start with the 
single crank, the resource of an additional steam-cock 
(which might of course be a small one, although there 
would then be more risk of its being left permanently 
open) could be availed of without difficulty. 

An intermediate superheater between the cylinders 
would probably be made upon Mr. Wenham’s plan, 
and fixed in the smokebox. His superheater is @ 
short cireular vessel of the full diameter of the smoke- 
box, and having tubes corresponding with those of the 
boiler. A portion of the barrel of the boiler itself, cut 
off at the smokebox end by an intermediate steam- 
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tight tubeplate, will convey the idea. An objection to 
such a superheater is its weight, and, ‘further, that 
the weight would be in. the ress 2 wage At the 
same time it might be found that the boiler would work 
as economically—probably much more so—with 9 ft. 
tubes and 24 ft. length of superheating tubes as with 
11} ft. tubes and no superheater. 


It would be difficult to establish in advance the 
precise saving by working steam to one grade of ex- 

ansion as compared with anothér, Not but that the 
bows of expansion are well ‘settled,“but the’ questions 
of wire-drawing and back pressure intervene in the 
consideration of the thebréfical diagram. “If we con- 
pare steam of 125 lb. above the atmosphere, expanded 
fourfold, with steam of 250 lb. expanded ‘fifteenfold, and 
allow 20 lb. for the total’ “back presshre, “including 
that of the atmosphere, we shall have the follow- 
ing results :—The fourfold ‘expansion would increase 
the efficiency of the steam, as compared with workin 
full stroke, in the ratio of 2.117 to 1. The fifteenfol 
expansion would increase its efficiency in the ratio of 
2.787 to 1, the gain being 314 per cent. 








PROGRESS OF INDIA—1864-65. 
(Concluded from page 180.) 

Telegraphs.—Electric communication has now been 
undleme the length and breadth of India, and the 
aggregate extent of wire is not 1ess than 14,000 miles. 
After an interruption of more than three years, British 
Burmah was, during the year under report, once more 
connected with Calcutta . the construction of a land 
line through Arracan, in lieu of the deep sea cable, 
which, after a short trial, utterly failed. 


Canals, §c.—In 1863-64 the gross revenue derived 
from the Ganges Canal was the largest received up to 
that time, namely, 77,390/., but the extension of the 
irrigation during the succeeding year caused the income 
to increase to 98,6411. The gross income of the 
Eastern Jumna Canal in 1864-65 was 33,945/., instead 
of 26,5022. in 1863-64. Defects have arisen from the 
large volume of water poured into this canal of late 
years for purposes of irrigation, and sanction has been 
given to an estimated outlay of 171,400/. in the con- 
struction of permanent head works, works for drainage 
and escape, and 510 miles of new distributing channels. 
Including the Western Jumna. Canal, the revenue de- 
rived from works of irrigation in the Punjab increased 
by 18,422/. during the year; the expenditure in 1864- 
65 was 47,8797. in new works, and 74,217/. in eSta- 
blishment and repairs. A scheme is under considera- 
tion for reclaiming the Terai, or marsh land, at the foot 
of the Himalayas, in Rohileund, by a combined system 
of drainage and irrigation. In Oude operations were 
begun in 1864-68 for the purpose of clearing the channel 
of the Gogra, and rendering it navigable as far as 
Byram Ghaut. In Madras the principal channel from 
the Pennair Anicut, in Nellore, called the Jaffer Sahib, 
was nearly completed in the year under report, and the 
embankment on the river Palar, which passes through 
the districts of North Arcot and Chingleput, was raised 
from 5 to 7 ft. in height. Inland navigation is carried 
on by means of the East Coast Canal for a distance of 
110 miles from Sadras northwards, and some progress 
has been made with the continuation of it in the Nellore 
district. 

In British Burmah sanction was recently given for 
the erection of an embankment, on only one side of the 
river, so as not to interfere with the effective water- 
way from Kyazemgyee to the Patashin, down the right 
bank of that river, and along the right bank of the 
Irrawaddy to a spot below Ni ccaine of which the 
Patashin embankment has already been completed at a 
cost of 11,0007. 

_ In the district of Khandeish, in Bombay, some 
important irrigation works are being. constructed, by 
throwing dams across the rivers, as’ has’been so sic- 
cessfully done in the Madras Presidency!’ A masonry 
weir on the Girna, of 1550 ft. in length, was completed 
to its full length, and bore the monsoon flood without 
any injury whatever. The Panjux dam also‘is approach- 
ing completion. In Sattata: thé weir across the 
Krishna, 2000 ft. long, was' fared to within six feet of 
its full height ; the canal frot it will. have a length of 
45 miles. The Rewarree cliannel, which was completed 
in 1864-65, though only fout“thiles long, is very valu- 
able, and the cultivators are'‘eagerly using the water. 
The tank at Koorgaum, neat, Barsee, was nearly com- 
pleted, and considerable improvements were effected 
in the Mudduck tank-and eamalin. Dharwar: During 
1864-65, the Mittrow Cavial\Was “eompletet! to a dis- 
tance of 70 miles froni Mittrow, aiid levels and surveys 
were executed for 324 miles of minor watercourses in 


during the year, and recourse was had to the employ- 
ment of convicts to a considerable extent. 
Of the works undertaken by the Madras Irrigation 
and Canal Company, the Anicut at Sunkasala, 1500 
_ long and 12 ft. above the bed of the river, has 
een recently completed, and the Hindry anicut was, 
with some trifling exceptions, finished during the year 
under report, and on the 10th July, 1864, water was 
admitted into 18 miles of the main canal, whilst, 
although some of the sections are still in a very back- 
ward state, considerable progress has been made along 
the whole channel to the 143rd mile. 
In Orissa the East India Irrigation, Company have 
been carrying on works, without any guarantee from 
the Government, having for their object the construc- 
tion of massive weirs on the Mahanuddy and Beropa 
rivers at Cuttack, and.on the .Cossaye at Midnapore, 
with four. main canals for irrigation and navigation, 
and a tidal canal for nayigation only, connecting Cal- 
cutta with Baligai. 


Roads.—The necessity of providing cross roads or 
feeders to the railways, by which the traffic of the 
country may be attracted to the great lines of com- 
munication, has not. been overlooked; their construc- 
tion has been vigorously undertaken by the local 
authorities in the several districts, and the importance 
of such roads has been urged on the rulers of native 
states through whose territories the railways pass. 
In Bengal an outlay of 80,000/. has been sanctioned 
for the completion of the bridge across the Barrakur, 
on the Grand Trunk Road; a branch road from Patna 
to Gya is in progress, and one from the Ganges to the 
Himalayas at “on yum 5 136 miles in length, is open 
throughout. Two trunk lines of road are about to be 
constructed in Assam, one of which, running through 
the entire length of the province, will serve to restrain 
the flood waters of the Brahmapootra, and to facilitate 
the reclamation of swamps which have hitherto been 
periodically inundated, and at the same time it will be 
made capable of having a light railway hereafter laid 
down, if necessary; the other, leaving the main road 
at Gowhatty, and running thence to. Shillong, will 
place the provinces of Assam and Sylhet within easy 
reach of one another. The principal roads under con- 
struction in the North-Western Provinces are those 
from Agra to Bombay, from Cawnpore to Jhansi, from 
Saugor to Banda, and the trunk line through Rohil- 
cund, In the Punjab, besides the road from Lahore 
to Peshawur, additional bridges are being constructed 
onthe Grand Trank Canal, and works are progressing 
on the roads between Umballa, Kalka, and Simla. On 
the Hindostan and Thibet road the way is completed 
for laden mules as far as Pangee, 10 miles beyond 
Chini in Bussahir, and 121 miles from Simla. 
worst part of the country between India and Chinese 
Tartary has now been opened out, and the road beyond 
Pangee, though excessively bad. and steep, is practi- 
cable for ponies and yaks for about half the year. A 
system of roads in Central India and Rajpootana is 
under consideration, to be carried out as funds are 
available. In the Central Provinces, the part of the 
northern road lying between Jubbulpore and Nagpore, 
across the Sautpoora hills, is approaching completion ; 
on the southern road, through the cotton districts of 
the Wurdah Valley to the Godavery country, 108 miles 
have been finished, as also have 52 miles of that to the 
east, in the direction of Chutteesghur. Upwards of 
100,000/. is about to be laid out in Hyderabad; while 
improvements in the means of communication in Mysore 
are being effected, at a cost of about 75,0007. Nor 
have the wants of British Burmah been unattended to, 
estimates to the amount of 70,000/. having been sanc- 
tioned for roads in that province. Attention has lately 
been directed to the question of establishing a com- 
mercial route through Burmah to Western China, b 
means of a tramway from Rangoon through the Sal. 
ween Valley to Yunan. The attention of the Govern- 
ment of Madras has been especially drawn to the forma- 
tion of roads in Wynaad, and systematic operations 
have been directed for providing sufficient means of 
communication on the plateau and down the ghauts to 
meet the wants of that district, and to prevent any difli- 
culty in conveying the coffee crop to the ports of ship- 
ment. In Bombay, the road from Barsee to the Barsee- 
road station was finished,as far as was practicable, before 
deciding whether or not it should have a tramway laid 
down. » A sum of 12,500/. was expended, during the 
year, on the approach to Carwar A ie the Arbyle 
Ghaut ;, but little was done on the road through the 
Kyga Ghaut. About 30,000/. was spent on the road 
between Abmedabad and Gogo, and several bridges 
were completed. In the city of Bombay, the new roads 





the Hydrabad district. ‘Labour was very scarce 
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to the charge of the municipality. In Sind, about 
3765/. was spent in constructing bridges on the roads 
leading from Hydrabad to Roree, and to Oomercote. 


Quarries—The Hurdwar quarries in the North 
Western Provinces were worked during the year, but 
as it was found that better stone could be obtained 
from Delhi at nearly the same cost, it was determined 
not to continue the experiment. 

Coal Mines—A: cursory examination of the coal 
fields of Assam, has established the existence of coal 
mines both at Jaipore;and Terap, the latter of which 
especially are said to promise an unlimited supply of a 
very superior quality,. The Mohpanee coal mines, in 
the N yeanghare district, are being worked with suc- 
cess by the Nerbudda Coal, and Iron Company, and 
coal fields have also been discovered in the Chindwara 
and Chanda districts of the Central Provinces. 

Reclamation of Land.—The “Port Canning Land 
and Investment Reclamation and Dock Company, 
Limited,” has been. started with a capital of 1,200,000/., 
of which it is understood that half has been paid up; 
its object is to construct the works necessary for the 
formation of the town and port of Canning, on the 
Mutlah. Very important operations are being carried 
on in the island of Bombay, both by the Government 
and by private companies, in the reclamation of land 
from the sea. Among these may be especially men- 
tioned the spaces which are being recovered in Moody 
Bay, Back Bay, and Colaba, in order to form a termi- 
nus for each of the two railways that start from the 
island, and to obtain additional space for the purposes 
of building and wharfage. 

Harbour Improygments.—The improvement of the 
river Hooghly has received attention from the Govern- 
ment of India, and a scheme involving an estimated 
expenditure of 246,200/. is now under consideration. 
On the western side of India, the wharf wall at Carwar 
was completed to a length of 845 ft., and about 25,0007. 
was spent on the wharf road. Everything appears 
now to have been done which can be required from the 
Government for any traffic likely to spring up within 
the next twenty years. For an account of the several 
works carried oyt at Carwar with a view to improve it 
as a port for shipment, vide ENGINEERING for 27th July, 
1866, page 64. Operations have for some years been 
in progress to remove the bar which obstructs the har- 
bour of Kurrachee, by narrowing the opening through 
which the tide flows, so that the stream might have 
greater force, and by protecting the entrance by means 
of breakwaters. The bar is, however, reported to have 
considerably lengthened, and the bute of water to 
have decreased. Within the harbour much progress 
was made, and the Napier Mole Bridge completed. A 
jetty was being constructed to a length of 1064 ft., of 
which only 336 ft. remained unfinished, and the east pier, 
intended to be 1500 ft, long, has reached a length of 
1280 ft. Owing, however, to an unfavourable report 
having been obtained on the principle adopted, direc- 
tions fone been given for suspending all work, except 
such as may be necessary to maintain the stability of 
the portion already constructed. 

Lighthouses.—The lighthouse on the Alguada Reef, 
off Cape Negrais, the south-west extremity of Pegu, 
was completed by Lieutenant-Colonel Fraser, C.B., of 
the Royal (Bengal) Engineers, during the year under 
review. For an account of this lighthouse, vide 
Enerneenine for 16th March last, oe i., page 159. 
Another lighthouse at Double Island, on the coast of 
Tenasserim, was nearly finished in the year under re- 
view, and the light was for the first time shown on the 
4th of December last. 


Expenditure, §c.—In 1856-57 the sim spent on 
public works, exclusive of all expenditure connected 
with railways, was 2,906,934/. Tie outlay on the same 
account in 1864-65 amounted to 4,985,197/.; and in 
the current year, 1866-67, it is estimated that the cost 
of public works will be upwards of six millions ster- 
ling. Returns which have been prepared of the rates 
of labour during the last ten years show that, since 
1852, they have increased 30 per cent. throughout the 
whole of Iudia, while in the cities of Bombay and Kur- 
rachee the per-centage of increase has been from 60 to 
67, and in Caleutta and Allahabad, where wages used to 
be very low, the charges for some kinds of work have 
risen no less than 125 and 158 per cent. respectively. 

The, remaining pages of the statement, comprising 
Chapters IV. to XE cotitain a mass of information 
at once instructive and interesting ; but they treat on 
subjects yee 7“ for the pages of Ene1- 
NEERING, and We shall therefore pass them by, merely 
recommending those who desire to obtain such infor- 
mation as may there be found to obtain the paper for 
themselves, feeling assured that a perusal of it will 





were nearly finished, and the greater part handed over 


more than repay them for the trouble. 
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ENGINES OF THE AMERICAN SLOOP OF WAR “HASSALO.” 
DESIGNED BY B. F. ISHERWOOD, ESQ., CHIEF OF THF BUREAU OF STEAM ENGINEERING, UNITED STATES NAVY. 
(For Description, see Page 217.) 
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PUBLISHER’S ANNOUNCEMENT. 

The price of ENGINEERING ¢0 annual subscribers, re- 
ceiving stamped ies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 

Sor Publication and Advertisements, No. 37, Bedford- 
street, Strand, W.C. 


ENGINEERING is registered for transmission abroad, 


Cloth covers for binding the First Volume of ENGINEERING. 
can now be had of the Publisher ; price 2s. 6d. each. 


Erratum.—ZJn our description of Messrs. Simons and 
Co's steam dredging machine on page 183 of our last number, 
the cost of raising sand or gravel was by an error given as 
}d., instead of 14d. per ton. 


The Publisher earnestly requests that correspondents will 
give this journal its proper name, ENGINEERING, without 
the prefix * The.” It is not merely that this gives a false, if 
not an absurd sense to the title, as much as would “ The All 
the Year Round” or “The Punch,” but it leads to frequent 
confusion with the title of another journal, “ The Engineer.” 
This confusion is the more to be avoided’ because, the Conduc- 
tor of this Journal having been for nearly six years the Editor 
of “ The Engineer,” letters addressed to him as the Editor of 
“The Engineering” or “ The Engineer” are believed to oc- 
casionally reach the office of the last-named paper, the pro- 
prietor of which has notified to Mr. Colburn that all letters 
received there and addressed to him as the Editor of that paper 
will be opened, and if upon editorial and not upon private 
matters will be appropriated. Mr. Colburn will feel greatly 
obliged by being informed by correspondents of any case in 
which letters intended for him have thus been violated, as 
he has no other means of knowing the extent of, still less of 
resorting to a remedy for, such a practice. 
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BESSEMER SOFT IRON. 

Ir is possible that the use of spiegeleisen, instead of 
having increased the ultimate value of the Bessemer 
process, has rather retarded its adoption, and this 
from the great difficulty, if not the impossibility, of 
making large masses of really tough ductile iron fit for 
armour plates, when spiegeleisen is used after blowing. 
Before the public announcement of Mr. Bessemer’s 
discovery, in 1856, he had foreseen—as his patent 
specifications prove clearly—that the blowing might 
be continued to complete decarburisation, and that an 
additional small charge of melted pig iron might then be 
introduced to restore any desired proportion of carbon. 
Further than this, and as proved also by his specifica- 
tions, he had foreseen that the introduction of mdh- 
apes into the charge after blowing would probably 

important. In blowing, in the Bessemer converter, 
the oxygen of the air first carries.off the silicon and then 
the carbon, and when or even before these are quite 
gone, the air seizes upon the iron itself, and, by deposit- 
ing oxide of iron in the mass, renders the ingot “burnt” 
red, short, and worthless. Manganese, in the metallic 
state, has a strong affinity for oxygen. A lump of it 
will go to powder in a fortnight if exposed to the air, 
and it can only be kept in the metallic state by placin 
it in naphtha, or in other liquid substances free from a 
impenetrable by oxygen. In the Bessemer converter, 
and under the influence of intense heat, this affinity is 
all the greater, and manganese will search out in a 
moment the oxygen left, after blowing, in the inter- 
stices of the metal. However the rationale of the 
action of manganese in steel-making may have been 
understood ten years ago, the necessity for the use of 
that metal was well known. Mr. Mushet, who, al- 
though aclever metallurgist, possessed, of course, no 
monopoly of this knowledge, proposed to introduce 
metallic manganese into the Bessemer converter, in 
the form of spathose pig-iron, known by the German 
name of spiegeleisen, or “ looking-glass iron,” so called 
from its brilliant crystals, and now more briefly 
termed “ spiegel.” Spiegel is a combination of 4 or 
5 per cent., more or less, of metallic manganese 
along with pig-iron, and it was the most convenient 
form in which manganese could be introduced. It has 
come into extensive use, and will no doubt continue to 
be used for the harder qualities of Bessemer metal, yet it 
= J st the production of tough soft iron by 
the Bessemer process, inasmuch as while adding 
manganese, which is wanted, it also adds carbon, which 
is not wanted, after the iron in the converter has been 
already decarburised to the right point. We believe that 
Mr. Mushet has maintained that metallic manganese 
could not be had practically in any other form, and that it 

















could not be produced by fusing a mixture of oxide of 


manganese and charcoal. Where these substances are 
powdered, this is the fact ; but with lumps of charcoal 
and lumps of the oxide in the crucible, metallic man- 
ganese is readily obtained, and its production is now 
a matter of ordinary manufacture. It is by itself, or 
at most in combination with iron only, that it best 
answers its purpose, already explained, in the con- 
verter. If the charge, after blowing, requires to be 
slightly recarburised, this should be effected by pig iron 
containing the required proportion of carbon, an iron 
otherwise free from sulphur and phosphorus being, 
of course, chosen for this addition. But as for manga- 
nese, it should be presented in a form wherein any 
quantity may be added with little or, if possible, no ac- 
companying carbon. Its quick oxidation when added 
by itself prevents it from producing its proper effect, 


and it is necessary to combine it with iron, to serve as | m 


a carrier, so to speak. No doubt the iron cannot be 
quite freed from carbon, but the combination of, say, 
60 per cent. of iron, 24 of carbon, and 37} of manga- 
nese, or in any other proportions in which the manga- 
nese largely predominates, is a very different and an 
altogether preferable compound to “ spiegeleisen” con- 
taining, say, 91 per cent. of iron, 3 of carbon, and 6 of 
manganese. Mr. Mushet, in pointing out, ten years 
ago, the use of spiegel, dlctanad' broadly a “ triple com- 

ound” of iron, carbon, and manganese, and of course 
Both the combinations above specified come under this 
general definition. But, as we have seen, it is not 
the triple but the binary compound that is required, 
and, as we have said, the carbon should be especially 
excluded. It is not required for the purpose of giv- 
ing fusibility to the iron, or to the alloy of iron and 
manganase, for under the intense heat in the converter 
both are melted like wax. We need-not add that if 
Mr. Mushet claimed the “triple compound,” not for 
any virtue of the carbon, but merely because it was 
difficult to keep it out, in some small proportion, his 
claim was a trick, and unworthy of respect. Where 
hard steel is wanted, the required carbon can be re- 
stored, after blowing, by the addition of pig iron, and 
this had been pointed out by Mr. Bessemer, as also 
the use of manganese, so that he had foreseen and pro- 
vided for each element of the “ triple compound,” but 
for their separate and independent introduction, the 
want of which has all along stood in the way of the 
successful extension of the Bessemer process to the 
manufacture of soft iron. 

More recently iron and metallic manganese have 
been alloyed in the combination known as “ ferro- 
manganese,” and it is to this alloy that we are to 
look for the production of Bessemer armour-plates 
and firebox plates for boilers. Until the late failure 
of Messrs. Thomas Edington and Co. (Mr. David 
Law), of Glasgow, that house produced ferro-man- 
epee in large quantities for the trade, and Messrs. 

arner and Son, the well-known bell-founders, also 
made it in a somewhat different manner. <A former 
difficulty was that the alloy could not be made in an 
definite proportions ; but Mr. Bessemer himself, wit. 
his usual readiness of resource, soon found a way out 
of this difficulty. He melts a known quantity of iron 
with a relatively large but indefinite proportion of 
manganese. The resulting alloy is not equal in weight 
to the sum of the constituents before melting, but 
the loss is not in the iron. Whatever the whole 
may weigh after fusion, the quantity of the iron is 
known ; and whatever may be the additional weight, it 
is all manganese, and thus the proportion is known, 
and, so that it is known, it does not matter practically 
whether 25 or 50 per cent. of the whole be manganese. 
And thus the alloy made at one fusion being put 
aside by itself, there is no difficulty in adding a definite 
quantity of manganese to a charge in the converter, 
since it is known exactly what weight of the alloy 
contains that quantity. 

With decarburised iron, cured of red shortness, or 
interstitial oxide, by the use of ferro-manganese, almost 
chemically pure iron may be made, if required, or, at 
any rate, much softer and more ductile iron than that 
produced where spiegel is added, containing a hurtful 
proportion of carbon. It is thus that we may look 
forward to the manufacture of tough armour-plates at 
13/. per ton, instead of their costing, as at present, con- 
siderably more than twice that sum. 








SEWAGE IRRIGATION AT CROYDON. 


IRRIGATION with sewage is not a recent discovery, 
nor is-it one df the long-lost but recovered arts. Yet 
what is being done at Croydon and at South Norwood, 
as well as at a few other towns in the kingdom, is 
attracting as much attention as if the results were 
contrary to all preconceived notions applicable to such 





cases. Turn town sewage, in its worst form, directly 
over grass meadows! Why there is everything against 
such an abominable practice. There is the smell, the 
danger of pestilence, and of poisoning the watercourses 
into teh y the meadows drain. And will not the 
land be drowned, and the crops, if anything came off, 
be rank foul grass, unfit for feeding, and especiall 

so to dairy stock ? What farmer would permit suc 

an abomination upon his fields ? what resident would 
abide in its neighbourhood? Let the Italians irrigate 
as much as they choose, and let the strong sewage 
of Edinburgh flow in foul streams over the Craigin- 
tinny meadows ; but we, in the south of England, know 
better than to even listen to, much less adopt, such a 
practice. Such have been the objections to sewage 
irrigation, made by those with whom circumstances are 
always superior to principles. And to the majority of 
ind great laws of nature are as nothing. They 
have always some “peculiar circumstances” under 
which to shelter themselves against any appeals, either 
to the truths of science or to the history oF analogies. 

At last, however, we have the results of a long 
period—five or six years—of sewage irrigation at 
Croydon, and, remarkably enough, there is no smell, 
no pestilence, no poisoning, no unwilling farmers of 
sewaged land, no protesting residents near the irri- 
gated fields. It is within the last two years, however, 
and under the able management of Mr. Baldwin Latham, 
the engineer to the Croydon local board of health, 
that the most striking results have been obtained, and 
the most remarkable of these have been at South Nor- 
wood, not very far from the Crystal Palace. Two 
years ago Mr. Latham induced the local board to 
secure a field of thirty acres of stiff clay, not worth 
18s. an acre—in fact, one of the most unpromising 
— to be found. Upon this he turned the sewage 
of a population of about 4000 inhabitants, and no 
difficulty was. found in —_— the land on a three- 

ears’ lease at 10/. an acre. The tenant, Mr. Cousins, 

as since offered 1000/. to have his lease extended ; 
but the field will probably be let at 20/. an acre. It is 
kept awash with sewage for almost the whole time, 
except when crops are being cut, and from four to six 
crops of Italian rye-grass are cut every season, the 
weight rising to 50 tons to the acre, the total length of 
the six crops being upwards of 15} ft. The sewage is 
always running, no matter how slowly, as the results 
mentioned cannot be attained if it be allowed to stagnate. 
The grass cut is worth from 17s. to 20s. per ton, on 
the farm, at Croydon, so that the produce is worth 
upwards of 40/. per acre per annum. In EnGIneexine, 
for April 13th, 20th, and 27th last, we gave a complete 
paper by Mr. Latham, upon the whole subject, and 
which, we may here observe, forms one of the most 
valuable contributions to our knowledge of the whole 
subject of the utilisation of sewage. 

The operations near Croydon are carried on upon a 
larger scale, ———_ of 300 acres being under irriga- 
tion. The fields were especially levelled, or rather 
sloped, for the treatment ; and the sewage, arriving in 
a channel extending along the head of the field, is 
turned over it by means of small parallel waterways 
leading to the foot, boards being placed across at in- 
tervals to check the flow and to more effectually turn 
the whole volume over the land. 

Upwards of seventy members and associates of the 
Society of Engineers visited the Croydon sewage irri- 

ation farm on Friday last, upon the invitation of Mr. 
tham. They walked over all the irrigated fields, 
and while a*foul dark stream was flowing at the rate of 
nearly three miles an hour along the head of the field, 
the same water running off at the foot was per- 
fectly clear to the eye when held up in a wine-glass, 
and nearly all the visitors went so far as not only to 
taste, but to drink it. Whatever its real quality may 
have been, it was perfectly unobjectionable to the 
taste, and it had no smell whatever ; nor was there any 
smell of sewage upon the land, although the middle of 
September was not, of course, so fit a time as the 
middle of August of a hot season would have been to 
test this point. 

In respect of the influence of sewage irrigation 
upon health, the testimony of Dr. pte ny a 
P ysician in large practice and a member of the 
ocal board, was most conclusive. The death-rate 
of Croydon has averaged but sixteen in the thou- 
sand under the existing arrangements, cholera has 
not made its appearance in the town this sum- 
mer, and the doctor stated that hardly a case of 
indigenous diarrhoea had ocf there. The sewaged 
land is in great favour anfong the farmers, but Mr. 
Marriage holds the lease,’ and his neighbours only 
regret that there is no sewage to spare, after he has 
done with it, that they may turn it over their own 
ficlds, Handsome residences overlook the irrigated 
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land, and there has been no complaint from the occu- 
pants. As we have said, the sewage is always running, 
each acre receiving 5000 tons of it in the season, and 
stagnation is carefully avoided for all reasons, whether 
as respects the growth of grass, the avoidance of 
offensive odours, or the broader question of the health 
of the neighbourhood, 

Mr. Latham has just secured a concession of the 
sewage of Cheltenham, where we haye no doubt the 
system of irrigation will be found to work as well as 
at Croydon. In many, if not in most, cases the fields 
can be supplied by gravitation, as at Croydon, but the 
results would quite justify the cust of pumping where 
necessary. Aton of coal would suffice to lift 5000 
tons of sewage 80 ft. or 100 ft. high, if requisite. 
Those who have seen the waste of sewage at Crossness 
may well indulge the hope that so valuable a material 
will yet be utilised by irrigation. 








PALLISER’S CHILLED SHOT. 
To tHe Eprror or ENGINEERING. 


Str,—lI had the opportunity of witnessing the gun- 
nery practice at Shoeburyness. on Thursday last, and 
beg leave to offer you the notes I made thereon, should 
you think them worthy of the attention of your 
readers. 

The target erected for the day’s practice (at a cost, 
as was said, of 4000/.) was one about 40 ft. long by 
8 ft. high, and was composed of a single thickness of 
8 in. of wrought iron, supported by 1 ft. 6 in. of teak, 
which, in its turn, was supported by 3 in. thickness of 
wrought iron, strengthened by angle-iron ribs placed 
at very frequent intervals, say about 8 to 10in., apart, 
centre to centre. The whole was held up by a heavy 
framework of timber baulks. 

The face of the target was: not all in one-plane, but 
the middle of its length was bent on plan, so that 
while one portion was square to the line of fire of the 
gun, the other part was at an angle of 30° to the first, 
and thus the shot fired at this part made an angle of 
60° with its inelined face thus :— 





— 
FIRE 


—_—r> 
LINE OF FIRE 


UNE OF 








By this arrangement, each kind of experimental 
shot could be tried on the inclined or on the square 
face. 

According to the printed programme, the object of 

the experiments was “to ascertain the best form of 
“ shell for penetrative and destructive effect, the rela- 
‘ tive value of steel and chilled iron as a material for 
* battering projectiles, and the effect of striking an in- 
clined surface upon each.” 
The firing was, for the most part, from a 9 in. muzzle- 
loading gun, with rifling of an increasing pitch. The 
weight of the shot or shell fired from this gun, and the 
charges of powder used, were uniform throughout the 
experiments, viz., 250 lb, weight of shot (or shell) 
and 43 Ib. weight of powder. The distance from the 
gun to the target was 200 yards. 


- 





Nature of Form, Fired at. Result, 


projectile. 





No. 1 |Solid steel| Pointed head [Inclined |Indented target 

shot hard-|struck withara-jface of {about 1ft 2in. x 11 
ened with/dius of diameter) target. in. x 2} in, in deepest 
prussiate jof shot, thus: part. Broke up, and 


of potash principal part went 


and water, out to sea, 

No. 2 |Do. do. {Do. do. Square |Broke in the hole; 
iface point stuck ,in; 

of target. amount of penétra- 
tion not a&certained ; 
the angle iron at back 
of target slightly 
bent, just enough 
to crack the paint 
Velocity at impact 
1340 ft. per second. 

















Nature of Form, Fired at. Resuit. 
projectile, 








Inclined |Made an indent near 
shot hard- face of joint of about 64in. 
ened with target. jin depth, and broke 
ssiate one of the small bolts 
jof potash at back of the target. 
and oil. Shot went to pieces, 
Velocity, 1300, 

No. 4:|Do.° do, |Do. do. Square j}ind d4in. Shot 
face, of ot broken ; rebound- 
target. ed out of hole, and 
the head was found 
bulged out 24in. or 
to 11} in. diameter. 
This shot started a 
couple of smalt bolts 
at the back, ofthe 
target. Velocity, 
1300. 


No. 3 |Solid steel) Flat head. 




















The next shots fired were Major Palliser’s chilled 
shot; but the heads, although pointed in accordance 
with his system, had not the particular form of point 
which he recommends, but were of the form known as 
the Belgian. ‘This is one of which the point is a cone 
joined to the cylindrical body of the shot by curves. 
Lhe first of these— 





Nature of Form, 











Fired at Result. 
projectile. 

No. 5 |Solid cast!Pointed with Square [Struck rather a weak 
fron chill-|Belgian head. face of |partof the target, but 
ed shot. target. penetrated through 

the 8in. iron and a 
considerable distance 
into the wood. The 
back plating and two 
of the angle-iron ribs 
were much bent. The 
back of the target 
was hot. Velocity, 
1320. 

No.6 |Do. do, |Do. do. Inclined |Penetrated 7j in. and 
face of broke up. e point 
target. [was uninjured. Ve- 

locity, 1322. 











[The next shot, from some cause, went! wrong, and 
struck some old plating laid on the ground in front of 
the target, and was not recorded. ] 








Nature of Form. Fired at Result. 
projectile. 
No.7 |Solid cast |Pointed with [Square |Hit the extreme top 


face of 
target. 


edge of the target, 
and passed on. Ve- 
locity, 1323. 


fron chill-|Belgian head. 
led shot, 
but a dif- 
ference in 
the mix- 
ture of 
iron, 

















The experiments with shell now commenced ; the first 
used were steel. 





Nature of Form. Fired at. Result. 


projectile. 


Stee] shell) Pointed head. Inclined |Made an indent of 
with the face of |4} in. and bent the 
head target. target #in. Velocity, 
screwed 1340. 

into the 
body. Har- 
denedwith 
prussiate 
of potash 
and oil; 
bursting 
charge 7Ib. 
5 oz. 

No.9 |Do. do. |Do do. 





No. 


4 


Square |Made an indent of 
face of /|4} in. 
target. 


No. 10/Do. do., |Do. do. Inclined |Struck at the joint; 


except face of penetration about 8} 

head target. jin. Velocity, 1840, 

screwed 

over the 

body, 

No. 11/Do. do. |Do. do. Square Struck close to the 

face of joint; penettated the 
target. jpiate, and a short 


distance into the 
wood. Velocity, 1340. 


No. 12)Do, do. |Do, do. Inclined |Struck close to the 


but with face of jjoint at the angle of 
base screw- target. the target, so that 
ed in; one side of the hole 
bursting made by the shell 


charge was in the joint 
7 Ib. 12 2. Head of shell stuck 
in the target. Pene- 
tration not obtained, 
but angle iron at 
back of target crack- 
ed for several inches, 
Plating also slightly 
cracked. Héad of 
shell afterwards got 
out of target. Velo- 
city, 1335. 














No. 13/Do. do. § |Do. do. Square /|Penetration, 8$ in. 
face of .| Velocity, 1335. 
target. 





The shell experiments were. now continued with Major 
Palliser’s chilled iron shells, and with the form of head 


recommended by him, yiz. one struck with a radius 
of 14 diameters. 





Nature of Form. Fired at. Result. 


projectile. 














No. 14/Palliser [Palliser head, [Inclined |Struck on the slope. 
chilled face of [near an’ indentation 
cast-iron target. made by a previous 
shell ; . shot. Total penetra- 
bursting tion, 1 ft. 74in. Ve. 
charge locity, 1320. 

3 Ib. 2 0z. 


No. 15|Do. do. |Do. dao. Square /Struck near the bot- 
face of jtom of the target, 
target. jwhere the wood 


framing was of great 
strength. From some 
eause this shell was 
travelling at an ex- 
tremely low velocity, 
as shown by the ve- 
locity instruments. 
Penetration, 12} in. 
The timber supports 
of. the target were 
split by the effect of 
this shell, and they 
and the target were 
driven backwards. 


No. 16/Do. do. {|Do. do. Inclined |Struck onthe slope ; 


face of jstuck in the plate, 

target, jand broke off fair 

with the outside. On 

being picked out, in- 

|\dentation found to be 

73 in, Velocity, 1320. 

No. 17|Do.. do. |Do.. . do. Square _|Struck a perfectly 
face of |sound and uninjured 

target. [part of the plate, and 


near to its middle. 
Went through aill, 
and was stopped 
against a pile of iron 
plating and the brick 
and stonework 12 ft. 
in the rear of the 














target. Velocity, 
1330, 

No. 18/Palliser {Belgian head. Do. do. |Struck alongside No, 
chilled 13, and went through 
cast-iron bf all. 
solid shot. i 








The practice was now continued with a renee | 
gun of 8.03 bore, rifled with an increasing spiral, an 
firing shot of 180 lb. weight, with a charge of 30 lb. of 
powder ; range, as before, 200 yards. 





Fired at. Result. 


Nature of Form. 
projectile. 





No, 19|Solid steel|Pointed head [Inclined |Struck the slope, in- 
shot hard-|struck with ra-|face. dented 2 in, and 

ened in oiljdius: of 1 dia- then glanced off at 
gradually. |meter. an angle rather less 
than a right angle 

with the line of fire; 
shot changed from a 
cylindrical to an oval 
form. Velocity, 1270. 


No. 20/Do, do, |Do. do. Square /|Struck top edge, 
face, turned over, and 
buried itself in the 

‘ earth. Shot not 


broken, but bulged 
out all round the 
head. Velocity, 1260. 
No. 21|Palliser |Do. do. Inclined |Indent, 5} in. 

jchilled face. 
cast-iron 
solid shot. 


No. 22/Do. do |Do, do. Square /Front part remained 


face. in the hole; penetra- 
tion believed to be 
very great, but could 
not be ascertained. 


No. 23/Do. do. |Belgian head. Inclined |Indentation, 4j in. 


face. 
No. 24|Do. do, |Do. do. Square /|Penetration, 8 in. 
face. Point remained in 














plate. 





This terminated the day’s experiments, which had 
lasted from ten o’clock' in the morning until six at night. 

In those cases where the points of the steel shots 
were picked up, they were always found to have 
changed their form by becoming more obtuse; and 
where the points were not recovered, but the indenta- 
tions could be examined, they also showed that such a 
change of shape in the shot had taken place. 

The steel shot No. 20, which only struck the top 
edge of the target, and then buried itself in the earth, 
although it did not split up, was bulged out. 

The shot, No. 19, which was also a steel shot, which 
struck ‘thé inclined face of the target, made only an 
indent therein, and was then deflected to the left; a 
portion of ‘it was broken off and passed through the 
wooden closing of the archway of an experimental 
fort, in which several persons had taken refuge, treat- 
ing it as a sufficient bomb-proof; while the greater 
part of the shot ‘strack the brickwork of the fort 
and fell to'thé grouud, having printed on it a complete 
representation of the bricks with their mortar joints. 

This was the behaviour of the steel shot as to change 


f form. . 
: rag regards the Palliser chilled shot, in all cases 
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where the points were recovered they were found to 
be absolutely unchanged in form, and the indents made 
by them also bore testimony to this fact. 

“A very remarkable circumstance was observed in 
comparing (after the firing had taken place) the con- 
dition of the steel shot and shell with that of the 
Palliser shot and shell, viz. that the steel shot and shell 
were so extremely hot throughout their whole. sub- 
stance as well as on the exterior that they could not 
be handled, while the Palliser shot and shell, even on 
the outside, were only slightly warm, so that there was 
not the least difficulty in holding them in the hand, 
while their interior parts were in many cases quite 
cold, and in no instance were they materially warmer 
than the hand. To my mind this difference in tem- 
perature is a proof of the difference in the behaviour of 
the two kinds of material, and one that might have 
been relied on, even had the shot been in all cases so 
much broken up that their change of form by bulging 
could not have been determitied by the eye. The 
great heat of the steel throughout the very body of 
the shot proves that there had been an amount of 
“ work done” in changing the form of these shot which 
had converted a large portion of their energy into heat, 
while the absence from the Palliser shot of this interior 
heat proves there had not been any energy expended 
in altering the form of the shot, and leads to the con- 
clusion that the whole of that energy had been devoted 
to its proper object, viz. the destruction of the target, 
and not the alteration of the form of the shot. 

In the absence of experiments, I think it would have 
been anticipated that the pointed form of head was 
better adapted for penetration than either the hemi- 
sphere or the flat head; but it also would have been 
anticipated that with any ordinary material this form 
would have been useless, because the effect of the 
impact would be at once to alter the pointed form, and 
a fear would have been entertained that if recourse 
were had to some very hard material, and certainly if 
recourse were had to chilled iron, that the shot would 
be broken into innumerable fragments, and would fail to 

yenetrate the target. Major Palliser, however, proved 
by continued experiments made by him privately, that 
if proper chilled iron were employed, the most effective 
form of shot might be used without risk of alteration 
in shape, on the one hand, or of premature breaking up 
of the shot on the other. 

The only other likely material to sueceed for such 
a purpose as the foregoing is, so far as we now know 
of metals and their alloys, cast steel; but to harden 
this when in large masses is always a_ hazardous 
operation, and these experiments have shown that, 
even when hardened as well as the experience of the 
most eminent makers has enabled them to perform 
this operation, the steel shot and shell, nevertheless, 
yield under the impact and change their shape. 

I think, therefore, that it may fairly be said to be 
established that Major Palliser has, by his use of 
chilled iron, been oulina to produce a projectile which, 
while it is of the best form for penetration, is also 
free from the danger of altering that form on the 
blow being struck, and that he has thus obtained 
results which have never heretofore been approached. 

This, of course, would be a matter of the highest 
importance even had it been arrived at by an increased 
cost ; but in this case a great improvement is obtained, 
not with an addition to the expense, but with a saving 
which can only be reckoned by hundreds of thousands 
in the mere first equipment of our fleet. 

I am, Sir, your obedient Servant, 
Leo. 

P.S. I find I have neglected to say that the plates 
of the target were fastened with bolts made on Major 
Palliser’s plan, which, in Captain Noble’s paper, read 
before the British Association at Nottingham, were 
stated to have been found the best. On Thursday last 
not one of these bolts was started or injured in the 
least; the one or two bolts which were arnt were 
merely small bolts in the backing, and not on his plan. 

London, Sept. 20, 1866. 








Wootwicn ArseNnAL.—The machine plant at Woolwich 
Arsenal is being increased by a number of new tools which have 
been received from Leeds during the past few weeks for the 
purpose of facilitating the boring and completion of a stipulated 
number of the 124 ton guns during the: present financial year, 
ending in March next, and also for the preparation of the Boxer 
cartridges. 

_ THe Iron TrapE.—The quantity of iron ore raised in the 
United Kingdom, during 1865, amounted to 9,910,045 tons, of 
the aggregate value of 3,324,804/, 18s. 2d. The imports of 
foreign ore reached 76,977 tons, of the Custom-house value of 
72,4911. There were 656 furnaces in blast in the whole king- 
dom, and the pig iron produced in England was 2,738,867 tons; 
in Wales, 916,909 tons; and in Scotland, 1,163,478 tons; 
making a total of 4,819,254 tons. 


RECENT PATENTS. 


Tue following patents are all for the present year, 
1866 ; and the year should be given in ordering them, 
at the annexed prices, from the Great Seal Patent 
Office, Chancery-lane : 

(No. 1, 1s.) John Bullough and William Rossetter, 
of Accrington, patent a loom in which two, three, or 
more shuttles are to be held in reserve in case of the 
weft of the working shuttle breaking. A new shuttle 
is immediately to take its place, without stopping the 
loom. ‘The loom is to be driven by a frictional pulley, 
instead of the usual fast-and-loose rigger. 

No. 3, 2s.10d.) | Nathaniel Thompson, of 15, 
Abbey-gardens, St. John’s-wood, patents an extensive 
series of machines for forming the stoppers of bottles. 

(No. 5, 8d.) Thomas Prideaux, of Sheffield, patents 
a furnace for boilers, in which the air, instead of 
coming in from the ash-pit, is made to first traverse 
flues in the hot brickwork. Not new. 


(No. 6, 10d.) William Barningham, of Albert Hill 
Tronworks, Darlington, patents charging blast furnaces 
direct from railway trucks carrying the material, these 
trucks to be drawn by locomotives up inclined planes 
leading to the furnace-tops. Many of the Cleveland 
furnaces are now from 70 ft., 80 ft., and some of them 
100 ft. high, so that viaducts of considerable length are 
required in order to obtain even a gradient no steeper 
than 1 in 12. Mr. Barningham proposes to remove 
the furnace dome or cap by means of a piston worked 
by steam, water, or compressed air. 

(No. 12, 10d.) P. 8S. Bruff, of Ipswich, patents 
fastenings for holding flat-footed rails upon the dangers. 
He has clips of cast or wrought iron, with a lip to 
hold upon the flange of the rail, and projections from 
the under side of the clip into the timber sleeper. 
The clips are to be held down by-bolts or ro wa 
Jagged bolts, where used, are to to have the jags or 
serrations in helical lines around the bolt. 

(No. 16, 3s. 4d.) A. and W. Young, of 119, 
Gower-street, patent type-composing machinery. 

(No. 17, 8d.) Hermann Hirsch, of Paris, patents 
a screw propeller, in which the blades, when viewed in 
the direction of the shaft, are curved back something 
like the vanes of Appold’s pumps. ‘The specification 
is well written, and reads tke an authoritative essay 
upon the principles of propellers. To those especially 
interested in the subject, it is worth sending for, and 
of being carefully read. 

(No. 19, 8d.) James Pilling and Robert Seaife, of 
Colne, Lancashire, patent an improvement in throstles. 
The wharve and flyer are to be formed upon a tube 
which is to revolve upon a fixed spindle. The object 
is to reduce the weight of the flyer, and thus, while 
giving it increased steadiness, to permit of its being 
run at a higher speed. 

(No. 22, 8d.) William Buckley, of Tankersley, 
Yorkshire, patents an apparatus for registering the 
number of signals struck on a mine-signal during the 
absence of the attendent. A dial with numbers on its 
edge, one of which only can be seen through a small 
opening, is made to turn through a small distance for 
each signal given on the bell. 

(No. 24, 8d.) G. 8. Robertson, of Liverpool, patents 
forming telegraph posts of corrugated instead of plain 
iron plate. The post is to be tubular, and to taper as 
now. 

(No. 25, 10d.) B. Blackburn, of York-buildings, 
Adelphi, patents a mode of forcing or drawing the air 
and the products of partial combustion alternately up 
and down through the bed of fuel upon the grate of a 
boiler furnace. We presume Mr. Blackburn had not 
tried the experiment when he filed his specification. 

(No. 30, 10d.) TT. E. Vickers, of Sheffield, patents 
tyre-rolling machinery, which we shall illustrate in our 
next number. 

(No. 40, 4d.) Elias Taylor, of Patcham, Sussex, has 
been allowed a patent for glazing bricks, not, as we 
gather, for any particular mode of glazing, but for this 
mode of protection generally. Such a patent, which is 
really for Dutch tiles, ought not to have been allowed. 

(No. 43, 1s. 4d.) H. D. P. Cunningham, of Bury, 
Hants, patents a light iron single-bar overhead rail- 
way over and around ships’ guns, to enable the shot, 
sponge, &c., to be lifted into place. Captain Ericsson 
employs such a railway in his turrets, and we think 
the plan was well known in England before the date 
of Mr. Cunningham’s patent. 


(No. 45, 6d.) A. V. Newton, of Chancery-lane, as 
the agent of two American inventors, patents an elabo- 
rate system of cisterns, tumbling-pipes, and cocks, 
contrived to get water into a boiler automatically by 
its own gravity. The idea is very old, and the details 





are not, we think, quite new. 





(No. 46, 10d.) H. Ames, of Connecticut, U.S., 
eee securely fixing steel immer tubes within guns 
ormed under his former patent of January, 1865, and 
described in the early numbers of ENGINEERING. 

(No. 47, 1s. 2d.) William Clark, of Chancery-lane, 
patents, as 4 communication, the use of cast-iron hollow 
voussoirs for arched bridges, these boxes to be filled 
with concrete. 

re. 49, 10d.) William G. Beattie, of the London 
and South-Western Railway, patents a lubricator for 
steam cylinders and valves. Although not complicated, 
it would require drawings to explain it. A gauge- 
glass is employed to show the height of the oil im the 
reservoir. 

(No. 56, 1s. 4d.) Archibald Gibb, of Maryhill, 
Lanarkshire, patents a system of machinery for raising 
and sifting founders’ sand, and for ramming it into 
moulds for pipes and other work. 

(No. 57, 1s. 2d.) James Hodges, of Pennyhill, 
Bagshot, and who was engineer to Messrs. Peto and 
Betts, in the construction of the Victoria Bridge at 
Montreal, patents improvements upon his previously 
patented peat machinery, In this machinery an excava- 
tion is first to be made in a peat bog, and, this havin, 
been filled with water, a steam-float is to be eames 
upon it. This steam-float contains machinery for cutting 
out the peat in front of it, thus forming a canal for its 
own progress. The peat is brought in board, cut, 
paisehy and shot off to one side of the canal, where it 
is to be raised and carried off for drying and pressing. 
The float forms quite a factory, having its steam- 
engine, peat-mill, forge, lathe, &c. 

(No. 58, 1s. 2d.) Captain H. N. Penrice, of Witton 
House, near Norwich, patents another tunnelling 
machine. He proposes, this time, to attack the whole 
face of the rock by a series of cutters mounted upon a 
circular plate, or a series of radial arms filling the 
whole diameter of the tunnel, say 24 ft. or so, This 
plate or other support of the cutters is to be driven 
against the rock by compressed air acting upon a 
piston, perhaps 8 ft. in diameter, the piston-rod carry- 
ing the plate and cutters on its outer end. The cutters 
are to be revolved slowly while being struck rapidly 
against the rock, so as to cut circular grooves into the 
working face, the rock to be afterwards broken out 
between the grooves. The débris is to be run out 
beneath the air-cylinder, the hind carrying-wheels or 
rollers on which the machine rests being made to bear 
obliquely against the side of the tunnel, so as to leave 
sufficient room between them for this purpose. 


(No. 67, Is. 6d.) J. M. Macrum, of 36, Hill- 
street, Knightsbridge, patents, as a communication 
from an American inventor, the plan, already patented 
by others, of forcing railway brakes against the wheels 
by means of weights or ry these weights or 
springs being taken off by the o of the engine. 

(No. 78, 10d.) J. Ireland, the well-known found 
engineer, of Manchester, patents, in conjunction with 
Mr. Davies, a construction of railway turntable, so 
that it shall serve as a weigh-bridge. 

(No. 82, 6d.) John Clutton, of Serjeants’-inn, 
patents keys for railway chairs, in which, to save the 
end of the key from being battered up in driving, he 
forms the key with an iron body, and wooden bearing 
strips on the sides. 

(No. 87, 1s. 4d.) C. O. Papengouth, of 46, Russell- 
square, London, in addition to his former patents, 
specifies further details for fastening armour plates 
upon ships’ sides through the intervention of springs. 

(No. 90, 8d.) Henry Dean,@f Wood End, near 
Fareham, Hants, patents an ingenious plotting and 
computing scale for surveyors, but of which it would 
be impossible to give a brief description. 

(No. 92, 1s.) Captain Blakely and J. Vavasseur, 
of Bear-lane, Southwark, patent the employing of two, 
three, or more rings of copper wire around rifled pro- 
jectiles, the wire to be forced into the grooves when 
the shot is fired. 

(No. 94, 8d.) Charles Bartholomew, of Doncaster, 
patents improvements upon his former patent for 
getting coal, by what may be called harpooning it in 
the workings. A hole is made in the coal, and an in- 
strument then inserted, which, as it is drawn back, 
opens a “lewis” at its inner end, within the coal. If 
there is then force sufficient to draw the instrument 
out, and nothing breaks, the coal must come out with 


it. 

(No. 95, 8d.) Robert Matthews, of Leeds, patents a 
mode of forming toothed wheels with cast metal discs 
at the two sides, and intermediate discs of hide, sheet 
metal, or even paper, the shape of the teeth being cut 
in each, and the whole being bolted or rivetted together 





into a single wheel. 
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RETORT-DRAWING APPARATUS: 


CHARTERED GASWORKS.— 











THERE are few kinds of labour more severe than that of 
drawing and charging gas retorts as at present conducted. 
According to the system now generally adopted, the working of 
the retorts is performed by men working in gangs of five each, 
three of the men composing each gang being actually engaged 
in the charging and drawing, and the other two being em eed 
in attending to the fires and in wheeling the come. fn the 
London gasworks the number of mouthpieces allotted to each 
gang varies from forty-two to fifty-six, and the men work 
twelve-hour shifts, the retorts having generally to be drawn and 
charged twice during that time. To reduce the large amount 
of manual labour necessary under this system of working, and 
to render that which is required less severe, the machine of 
which we now give illustrations has been designed. 

This machine, which has been patented by Messrs. Best and 
Holden, has now been tried at the works of the Chartered Gas 
Company, Westminster, for some months, and during the time 
it has been in action it has been subjected to some severe tests 
with very good results. As applied at the Chartered Gasworks, 
itis formed in two parts, one carrying the machinery for draw- 
ing and the other that for charging the retorts. The former 
— is shown by the engravings on the present page, and the 
latter by those on the page opposite. As will be seen by these 
illustrations, each part consists of an under frame formed of 
wrought-iron girders, carried by four wheels running upon rails 

laced 17 ft. a from centre to centre, these rails runnin 

ongitudinally through the retort-house parallel to the ends o 
the benches, and removed a short distance from them. The two 
parts of the machine are placed close together and suitably 
coupled, the motion being transmitted from the charging portion 
(which carries the steam engine and boiler) to the rakin 
machinery by means of a coupling connecting the main shafts 
each, as will be explained presently. 

We will first describe the charging machinery, which, as we 
have already stated, is carried on the same frame as the 
engine and boiler. The motive power consists of a pair of 
oscillating cylinders 6 in. in diameter, and with a stroke of 9 in., 
which are supplied with steam by an ordinary vertical tubular 
boiler, the arrangement being shown by Figs. 1 to 4. The 
slide-valves are worked by the oscillations of the cylinders, and 
the engines are fitted with reversing gear. Near one end of the 
crank-shaft is fixed a pinion, which gears into a spur wheel 
placed upon the main shaft of the machine, which shaft is 
carried by suitable brackets from the maiu frame, and is fur- 
nished at one end with a coupling by which it is connected to the 
Corresponding shaft of the raking machine. Qn the main shaft 
is placed a bevel wheel, which can be connected to the shaft at 
Pleasure, by means of a clutch, the wheel driving another 
fixed upon a short vertical shaft, having at its lower end a 
bevel pinion gearing into a bevel wheel fixed to one of the 
carrying wheels of the machine. This arrangement gives the 
power of traversing the machine backwards and forwards at 
pleasure, the direction of the motion being governed by that in 
= - engine is driven. 

e charging machinery consists ot a series of scoops arranged 
80 that they correspond With the mouthpieces of the oande 











and carried by short shafts attached to their ends, as shown in 


Figs. land 2. In our illustrations, three of these scoops are 
shown arranged one above the other, but it is proposed to 
increase this number to that of the retorts set in ak bench, so 
that the whole bench may be c atonce. The shafts to 
which the scoops are fixed are carried by bearings fixed to the 
front aud back frames of a oa which is itself carried by 
rollers running on suitable rails fixed to the main framing. 
The traversing to and fro of the carriage on these rails is 
effected by a pitch chain coupled to it, and passing over a chain 
wheel on the main shaft, this wheel being connected to the 
shaft at pleasure by means of a friction coupling, which can be 
thrown into action by a lever placed so that it can be conve- 
niently acted upon by the foot of the ine-driver. The 
arrangement is shown in Figs. 2 and 8. As the end of each of 
the shafts carrying the scoops is fixed a pinion, these pinions 
ting into a vertical rack, which slides in guides on the back 
rame of the carriage. The rack just mentioned is formed in 
one piece with another rack which gears into a spur-wheel 
placed on a shaft supported by brackets from the carriage frame, 
this shaft having at its outer end an arm loaded with a heav 
weight. When this weight is raised it is held up by a cate 
which falls into a notch formed in a disc fixed to the shaft, and 
prevents the latter from turning, and by this means the scoops 
are retained in the position shown in the engravings. When this 
catch is released, however, in the manner which we shall describe 
directly, the weight falls and, by turning the shaft to which the 
arm is fixed, moves the racks, and thus turns the scoops over. 
The manner in which this machine is worked is as follows: 
The scoops, when in the position shown in the engravings, are 
each charged with the proper quantity of coal by means of 
hoppers leading from a coal meter overhead, and are then run 
forward into the retorts by means of the pitch-chain gearing. 
When they have thus been advanced the proper distance, a pin 
on the main frame comes in contact with the vertical arm of a 
bell-crank, the horizontal member of which forms the catch 
holding up the weight, and the latter being thus released the 
scoops are turned over and thus made to deposit the coal con- 
tained in them in the retorts. The engine is then reversed and 
the scoops withdrawn, after which the weight is lifted, and the 
scoops returned to the proper position for receiving another 
charge. The raising of the weight is effected by means of a 
inion on the main shaft, which can be connected to the latter 
y means of a clutch, this pinion gearing, when the carriage is 
eee back, into the spur-wheel which we have already men- 


tioned as acting on the racks. 

The machine for drawing the ~~ which is shown by the 
engravings on the present is, like the charging machine, 
furnished with a carriage which can be traversed backwards and 


forwards by means of pitch chains. This carriage supports 
three long bars or rakes, placed in a vertical row at such Fa 
apart that they correspond with the upper part of the retorts. 

ach rake is furnished at its end with a plate, which can either 
be set — angles to the , 48 shown in the figures, or 
le to project ———— as shown by the dotted 


can be 
lines. This adjustment is accompli by means of a rod 





sliding in guides fixed to the main bar of each rake, and having 
a rack at its inner end, which is moved by a pinion fixed upon a 
vertical shaft furnished with a hand-wheel. The pitch-chains 
moving the carriage are worked by chain-wheels fixed upon a 
countershaft at the back of the machine, the countershaft also 
carrying a spur-wheel, which is driven by a pinion placed on the 
main shaft, and connected with it when required by means of a 
clutch. The mode of working the machine is very simple. 
The machine having been ge B pey the rakes are run 
forward into the retorts with the p at their ends extended, 
as shown by the dotted lines, and these plates being then 
lowered to the position shown in full lines, the rakes are with- 
drawn, bringing the charge with them. In addition to the 
plates at their ends, the rakes are furnished at two or three 

ints in their length with teeth hinged their lower’ sides. 
Those teeth (which are not shown in the engraving) are hinged 
to the rake-bars, so that when the latter are run into the retorts 
they close up against the under sides of the bars, but when the 
rakes are withdrawn the teeth drop down and assist the plates at 
the ends in taking hold of the as 

The machine at the Chartered Gasworks has been used to char, 
and draw retorts set ten in a bench, and it has been worked wit 
two rakes and two charging scoops, only the two lowest and two 
highest retorts of each bench being charged by hand. A bench is, 
however, now being set with nine retorts, these being disposed in 
three similar vertical rows, so that 1’ can be all worked by the 
machine. The machine may also, if desired, be arranged to 
charge the whole bench at once, as we have already mentioned. 
At present the retorts at the Chartered Gasworks have only 
been charged from one end by the machine, the other ends being 
charged by hand; but if the new system is fully carried out, 
there will of course be a machine for each end of the retorts. 
The machine is tended by four men, viz., an engine-driver, a man 
superintending the raking-machine, and two men filling and at- 
tending to the coal-scoops, and it is found to be capable of drawing 
and charging a bench of retorts in about one-fourth the time re- 
quired by hand labour. As, moreover, all the severe portion of the 
work is performed by steam power, the machine can be kept yoing 
almost continuously, and it is thus expected that a pair of these 
machines with their eight attendants will replace about eighty 
men working on the ordinary system. When we consider the 
immense amount of labour involved in working the gas retorts 
of the London companies alone, it seems curious that machinery 
for the purpose should not have already been brought into 
regular use, and there seems to be but little reason to doubt 
but that it will eventually be generally —— in some form 
or the other. It is propable also -that machinery will more 
generally be applied for handling the coal before it is supplied 
to the retorts, us well as for removing the refuse coke; and 
indeed at some of the new gasworks now being erected labour- 
saving appliances of this kind are already being introduced. 
The machine which we have above described has so far proved 
very successful, and, in concluding this notice, we should state, 
that its construction has been carried out under the direction 
of Mr. James Dunbar, to whom we are indebted for the 
drawings from which our illustrations have been prepared. 





214 


ENGINEERING. 


[Sepr. 21, 1866. 











THE BELLEROPHON. 
To tue Eprror or ENGINEERING. 


Srr,—In your journal of the 14th instant you were 
leased to respond to my letter of the 12th instant, on 
3ellerophon, \ your editorial article headed “ The 

Dynamic Merits of Steamships.” Now don’t let us lose 
sight of the point at issue, viz., “ the questioned merits 
of Bellerophon,” by ous from it. ati 

In discussing this matter, having already disclaimed 

personalities, 1 regret to find you still place my name 
in antagonism with that of Mr. Reed, who, for all I 
know, regards Bellerophon and Pallas as experimental 
tests of the ram-stem construction, and, perhaps, re- 
udiates the doctrine which you, unauthorised by him, 
oe advanced on his behalf, viz., “ We still think, as 
“we said last week, that, all things considered, the 
“ low constants of Bellerophon and Pallas are marks 
“of success rather than of failure.” The Wyvern, 
which you quote as having given the co-efficient 133, 
has not yet been officially reported in the Admiralty 
returns; but really, if you regard a low coefficient as 
indicative of excellence of type of form for sea-service 
steam ships of war, why don’t you notice Blenheim, 
which, on trial at Stokes Bay, June 5, 1849, achieved 
the coefficient 41.5 ? Such a doctrine is, in my opinion, 
simply untenable, and probably Mr. Reed thinks so 
too. Surely there can be no antagonism between Mr. 
Reed and myself on this point. 
Your account of the demonstration that occurred at 
Portsmouth on the occasion of Bellerophon’s trial is 
indicative, like the excitement on a race-course, of the 
interest taken by the public on the occasion, but not 
of hostile personal feeling. Probably the parties who 
predicted the 13-knot speed, which would have been a 
very fair result for 1000 nominal horse power working 
as usual up to 4000 indicated, were not at all aware of 
the contract stipulation that the nominal 1000 horse 
yower of Bellerophon should work up to 6000 indicated 
os power at the least, which amount of working 
power, calculating by the coefficient of Resistance, a 
shorter ship than Bellerophon by 20 ft., and with a 
less ratio of length to breadth than Bellerophon, ought 
to have realised the speed of 15.35 knots per hour. 
Mr. Reed, therefore, knowing the secret of the power 
to be developed, and, as you say, “standing alone in 
“holding to his promise of 14 knots,” took care to 
stand with a margin of 1.35 knots in his favour, the 
“ wiseacres,” knowing nothing of the capabilities of 
these so-called 1000 nominal horse-power engines, 
were simply reckoning without their host, and the com- 
mander-in-chief, on receiving from the captain of the 
steam reserve the signal, “ Speed of Bellerophon ex- 
“ceeds 14 knots,” was doubtless most blissfully 
gratified. ; 
With reference to your protest, “ we are not dis- 
* nosed to see the reputation of Bellerophon lowered 
« for no better reason than that she gives a low co- 
“ efficient when put into a formula that makes the sole 
“ comparative merit of a ship her bigness,” I beg 
again to remind you that the formula by which the co- 
efficients of dynamic performance are determined gives 
a big ship no advantage whatever over a small one, 
unless it be fairly earned by a superior type of form 
for the development of dynamic effect, as exemplified 
by the coefficient of the Great Eastern, of 25,000 tons 
displacement, not surpassing that of Himalaya of less 
than one-fifth her size. The co-efficient is of course 
affected by any difference in the condition of vessels as 
respects foulness of bottom, or difference of skill dis- 
ylayed in the construction or management of the engine 
, re but, whether the ship or the power be 
small or big, the coefficients very nearly indicate the 
ratio of effective result produced by a given power, or, 
in other words, the effective result produced by a given 
quantity of fuel—a very important > asin as connected 
with the endurance at sea of steam ships of war. Any 
given type of form may be applied to any given size of 
ship as measured by displacement ; but the size of the 
ship to be built, and the type of form to be selected, 
depend on the proposed construction of the hull, as 
respects its weight, the armament to be carried, and 
the service for which the ship may te intended ; for it is 
manifest that moored batteries, harbour guard-ships, 
sea-service ships of war, transport steamers, and sea- 
service dispatch boats, demand each of them a special 
adaptation of type, and a suitable determination of size, 
for fulfilling the special requirements of its destination. 
Mr. Bourne’s letter is quite pertinent on that point. 
Assuming, therefore, that Bellerophon is intended 
for a sea-service ship of war, and that her size, 7230 
tons displacement, has been properly determined, 





ass , moreover, that a high ratio of length to 
breadth is conducive to dynamic merit, and that a low 


ratio of length to breadth is beneficially conducive to 
handiness and other desirable nautical qualities, how 
happens it that the dynamic merit of Bellerophon, of 
which ship the ratio of length to breadth is 5.36, is 
represented by the coefficient 167.3, whilst the dyna- 
mic merit of the shorter ship, Resistance, of which the 
ratio of length to breadth is 5.17, is represented by the 
higher coefficient, 225.1? A ship of 7250 tons, on the 
type of Resistance, propelled by engines of 6400 indi- 
cated horse power, would attain the speed of 15.68 
knots instead of 14.201 knots, and being shorter and 
with a less ratio of length to breadth, she would, on 
your showing, possess nautical properties of a superior 
order to those of Bellerophon, and, for the same reasons, 
the like may be said of befence and Hector. 

You now further inform me that Bellerophon at her 
12-knot speed realised the coefficient 171. Hence, it 
appears that the 12-knot power of Bellerophon was 
3778 indicated horse-power, being very nearly the same 
power that propelled Solferino, a ship of nearly the 
same displacement as Bellerophon, at the speed of 14 
knots. 

Now, the inference I draw from these calculations 
is, either that the ram-stem type of form of Bellerophon 
is at fault, or that the after-body lines may be at fault 
from unsuitable trim, or that the trial at Stokes Bay 
on the 17th August, realising a coefficient of 167.3 
only, has, from some unknown cause or other, not done 
justice to the dynamic merits of the ship, and that, 
consequently, as suggested in my letter of the 28th ult., 
the matter demands further investigation before the 
Bellerophon type of form can be accepted as a model 
for sea-service armoured ships. If these palliations of 
Bellerophon’s low performance in a dynamic point of 
view be not admitted, but her low coefficient still justi- 
fied on the score of her assumed superior nautical 
qualities as compared with other ships, 1 would then 
ask, who are to be the judges in this important matter ? 
[ know of no official authority for such assumption. 
No judgment has yet been passed by any naval officer, 
that I am aware of, admitting the superiority of the 
Bellerophon type, in a nautical point of view, to be such 
as compensates for her low coulis of dynamic merit 
and consequent waste of fuel. The introduction of the 
Bellerophon type is said to have been publicly attri- 
buted to M. Dupuy de Léme, but by his letter to the 
Times, of the 26th April last, he declined to accept the 
doubtful compliment, and I now refer to that letter as 
my authority for the statement put forward by me in 
my letter of the 12th instant, that Solfermo, an 
armoured ship of 7020 tons displacement, propelled by 
3720 indicated horse-power, attained the speed of 14 
knots per hour, thereby realising the coefficient 
270.43. 

You deny the fact, and you rather ungraciously re- 
proach me for bringing it forward ; but seeing that, on 
the authority of our own official returns, Himalaya has 
realised the coefficient 297.4, Perseverance 275.4, and 
Warrior 289.6, I see no reason to doubt, on the 
authority of M. Dupuy de Léme, that Solferino has 
realised the cofficient 270.43. 

I remain, Sir, yours obediently, 
CHarLes ATHERTON. 
London, 5, Whitehall, 8.W., 
September 18, 1866, 


Mee have given insertion to this letter of Mr. 
Atherton, in order that all reasonable opportunity of 
explaining himself might be given to him, but we must 
decline to pursue the subject in our future numbers. 
It must be obvious to those of our readers who have 
perused Mr. Atherton’s previous letters and our replies 
with care, that the real question at issue has now been 
fully discussed, and that Mr. Atherton is now devoting 
his attention to a point with which we have nothing 
whatever to do, viz., a real or fancied antagonism be- 
tween himself and Mr. Reed. It has not been our 
practice, and we do not intend that it shall, to give 
scope to personal questions, and it is obviously most un- 
desirable to discuss the probable opinions of a public 
officer who is not at liberty to take part in the discus- 
sion. 

Having printed Mr. Atherton’s letter, however, it is 
due to our readers to say that his account of the last 
trial of the Bellerophon, in which he represents that 
the proposed indicated horse power of her engines was 
a “secret,” and that, while Mr. Reed knew it, the local 
officers were ignorant of it, is suceptible of clear dis- 
proof; for, in the first place, it had been repeatedly 
stated in the public journals that the Bellerophon’s 
engines were cnpetied to work up to six times their 
nominal power ; and, secondly, the ship had actually 
been tried by the same officers, and at the same place, 
five months before, when an indicated power of about 


6000 horses was actually developed. That a slight ex- 





cess upon this would be obtained on the next trial 
could no more have been known to Mr. Reed than to 
the commander-in-chief or any other officer of the port. 
It will be seen, therefore, that the reflection which Mr. 
Atherton’s statement would be likely to cast upon the 
Chief Constructer, if left uncontradicted, is unde- 
served, and that no secret of the kind suggested 
existed. 

We are not disposed to discuss the general question 
further with Mr. Atherton, pothors" after the ex- 
cellent corroboration which our view received from the 
brief but luminous letter of Mr. Bourne in our last 
number. It is, as Mr. Bourne said, a question of 
weight to be carried, not merely of total weight ; and 
it is partly a question of weight to be carried in the 
peculiar form of armour along the side of the ship, and 
therefore of weight proportioned to the length of the 
ship. What we say is, that it is better to include this, 
and other like considerations, in forming judgments 
upon the merits of particular ships than to confine 
one’s attention only to a formula which utterly neglects 
them. 

We entirely deny Mr. Atherton’s reiterated assertion 
that a ship on the type of the Hector, of 7250 tons, 
propelled by engines of 6400 indicated horse power, 
would attain the speed of 15.68 knots. On the con- 
trary, we showed that at the same speed the constants 
of the Hector and Bellerophon were alike, and it is a 

yure assumption to say that the one ship would do 
better than the other when forced by a much greater 
power. 

We cannot conclude these remarks without adding 
a word upon Mr. Atherton’s last sentence. After 
acknowledging that he has no other authority than 
M. Dupuy de Léme’s letter for his assertion about the 
Solferino, he quotes the constants of the long narrow 
ships Himalaya and Perseverance (both excellent forms 
for speed as troop or passenger ships, but of propor- 
tions wholly unsuited for armour-clads), and slides in 
with them the constant of the Warrior as 289.6. Now 
when, do our readers think, this constant was attained 
by the Warrior? To have the slightest weight in 
support of Mr. Atherton’s argument, it ought to have 
been at a 14-knot speed; but, instead of that, it really 
was realised when she was steaming with about one- 
third only of her full power, and at a knot less than 
the half-power speed of the Bellerophon! It was at 
an 1l-knot speed that the Warrior’s performance 
reached that which is claimed for the gE iferino at 
14 knots. When the Warrior was driven at the latter 
speed, her constant dropped down to 231, thus illus- 
trating the utter fallacy of the complaint that at 
14 knots the Bellerophon’s constant was lower than 
that of some other ships at 11 and 12 knots. All this 
we said substantiall t week, and we must decline 
to pursue further a discussion which has ceased to be 
valuable or even interesting.—Ep. E.] 








LUCIFER MATCHES. 
To THE Eprror or ENGINEERING. 

Srr,—Some years since, when the injuries to the workpeople 
engaged in this manufacture caused inquiries to be made in the 
matter, many suggestions were made, all however requiring the 
personal attention of the operatives themselves, and accordingly 
they have never been adopted. 

One of a most singular kind has been proposed by Dr. 
Wynter, namely, for the operatives to be required to keep their 
mouth constantly shut while in the workroom, which could not 
be of the slightest avail, even if possible, the nostrils having free 
communication with the cavity of the mouth. 

The terrible destruction of the jawbones ‘by the fumes of 
phosphorus can only be prevented by the reversal of the usual 
mode of ventilation, that is to say, it should be downwards 
instead of upwards. In order to obtain this end, the floor of the 
workroom should be pierced with small holes all over the entire 
surface, these holes communicating with an air-chamber beneath 
the flooring, kept constantly exhausted either by mechanical 
means or Dy a high chimney and furnace outside the building. 

Fresh air should be as constantly admitted through a very 
narrow aperture left between the ceiling and the walls of the 
workroom all round, independently of doors and windows, which 
may be kept permanently closed. } 

advocated this system many years ago, and published it in 
the Journal of the Society of Arts, but no result followed of 
course, as such a system entails some additional expense in 
fitting up the workrooms. 
Faithfully yours, 
1, Baker-street, Reading, Henry W. REvELEY, C.E. 
Sept. 15th, 1866. 

[Cannot the disease above referred to be more simply and effec- 

—s eye by the employment of amorphous phosphorus ?— 
D. 








DeMAND For Lasour 1N Brirish CotumBta.—The 
demand for hired labour in the gold-mines of British Columbia 
is now principally confined to good able-bodied men accustomed 
to mining in other countries, and who understand tunnelling, 
blasting, and underground working generally. This class 
commands a higher rate of wages than the navigator class or 
road labourers, and can find employment at the rate of 35s. to 


40s. per diem. 
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AMERICAN MARINE ENGINES. 


Turovucu the kindness of Mr. Isherwood, we are 
enabled to present our readers with drawings and 
specifications of the engines of the new American 
timber-built sloops-of-war; vessels which have been 
built to run off fifteen knots am hour.’ Next week we 
shall give further drawings, including those of the 
boilers, which are of the water-tube variety so éxten- 
sively employed by the American engineers. 

The steam pressure is to be 401b., surface con- 
densers being employed. In addition to the’ four} main 
boilers, having twenty-eight furnaces, two superhéating 
boilers are employed, and these will ‘superheat, “by 
means of tubes in their own, steam chambers, the steam 
which they alone produce, this superheated steam being 
afterwards mixed with the steam from the main boilers. 
The link motion when in full gear cuts off at six-tenths 
of the stroke, and as the eccentric rods are long, we 
judge that the engines are intended to be worked at a 
good degree of expansion, say three or four fold. The 
proportions of the crank-shaft and screw-shaft journals 
will strike our engineers as remarkable: The former, 
13 in. in diameter, are 45 in. long, or 3$ diameters in 
length, the brasses being furthermore recessed and 
provided with pipes and cocks intended to maintain a 
constant circulation of water. The engines have but 
one double-acting air-pump and one double-acting 
circulating pump in common. It is, of course, a 

uestion how much more likely are the engines to be 

isabled than would be the case with separate pumps 
for each cylinder. The slide valyes have a great 
ortion of the pressure upon them taken off by 

Vaddeil’s equilibrium plate, and the rest of the weight 
is borne upon Bristol’s rollers, as now being introduced 
into. England. by Messrs. Daglish, of St. Helen’s, 
and illustrated im our last volume. 

The screw-shafting, besides its ordinary plummer- 
blocks at intervals, es spring bearings: to steady it 
midway between these blocks. The thrust bearing, 
besides the usual collars, has a series of spheres rolling 
between a fixed and a revolving disc, each having a 
circular groove of semicircular section, to receive the 
spheres. Several of the terms employed in the specifi- 
cations are peculiar to American engineers; thus a 
junk ring is called a “ follower;” a boss, a “ hub ;” 
and the “ throw” of the eccentries is given as the double 
throw, that given as 12 in.’ meaning 6 in. in the usual 
English sense. 


ENGINEERING ARCHAOLOGY. 


‘Tue announcement of Queen Anne’s death has, 
within the last century, taken many a rustic by sur- 
prise. But what might wiser men say, were they, on 
the contrary, informed that that estimable sovereign 
was yet alive and in power? The Engineer, in an 
— upon the Waterworks of London, announces 
that 
_ “The next company formed was. the Chelsea, which was 
poy sone in the year 1723, under the title of the ‘Governor 
and Company of the Chelsea Waterworks.’ This company has 
its works on the north-east part of Chelsea Reach, on the banks 
of the Thames, whence the whole of the water is procured. For 
oe +~ .- — did not at-all-remunerate the share- 

olders, but the public reaped great benefit at their expense. 
The filter-bed at Chelsea occupies one acre, and is a splendid 
piece of engineering.” ; 


And that 


_ ‘We have the Lambeth Waterworks Company also, who, in 
1785, were incorporated by an Act of Parliament for supplying 
the parish of Lambeth and parts adjacent in. the county of 
Surrey with water. These works are situated in the Belyidere- 
road, ata short distance from Waterloo-bridge, and nearly oppo- 
site to Hungerford Market.” 

We have despatched nearly our whole staff to Chel- 
sea and to “ opposite Hungerford Market,” but while 
our young men have found ‘no waterworks 'at' the first- 
named place, they have not ‘been’ able to ‘discover 
“ Hungerford Market” ‘at all.~Sdme uf thé ‘older 
inhabitants have assured’ them,’ however, that at'’a 
former period waterworks did exist’ in’ Chelsea, and 
that a market known as Hi: ord was,actuall 
Within an easy distance “of Chatting. Bess. n the 
wap time no difficulty has been found in identifying 
the works of the Chelsea and the Lambeth Companies 
at pe hese and at pa ge Ditton respectively. 

» © are ourselves engaged upon an account, of 
ree our readers have se tic instalments, of the 

aterworks of the ee prepared from authentic 
sources and from pers examination ; but we haye 
quite failed to discover the interesting works in Chel- 
a and “ opposite Hungerford Market.” Our thusands 
pkg 2 resident in London'can assign the exact 
value to the remarkable archwological discovery of our 
Contemporary ; but, for an equal number resident else- 
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where, we may observe that the works so carefully 
described; and even one of the places mentioned, have 
no existence! Engineers who have had occasion to 
lament the transient influence which carefully prepared 
papers sometimes exercise when published in the so- 

led “ scientific press,” may here find a fresh reason 
for the contempt in which it is widely held. 








THE STEAM FIRE-ENGINES AT BRADFORD.| 
To Tue Eprror oF ENGINEERING. é 

Sir,—Will you kindly give me permission to reply to the 
remarks made by Messrs. Merryweather and Sons on the facts 
which I forwarded to you respecting the trials of steam fire- 
engines at Bradford ? , 

n company with several gentlemen, I was t. atevery 
trial made by the engines of both makers, including Saltaire. 

We were there intentionally for analysing, during working and 
otherwise, their respective advantages as steam’ fire-engines. 

The number of strokes or revolutions per minute were taken 
at various times, the sizes of jets attended to, &c. 

My description of valve-gear, which Messrs. Merryweather 
and Sons complain of, was given cursorily, so as to show the 
difference of the two systems of steam distribution as bearing on 
the important question of real work done and steam expended. 

With respect to the valve-levers, I repeat what I stated pre- 
viously, that they were fitted on a round bar so as to revolve 
freely. To make myself better understood—the twisted bar, 
when moved by the crosshead, will not move the levers until a 
partial revolution of the bar is made, and the tappets which are 
set to give the desired lead of valve comes in contact with the 
levers, and gives immediate movement to the valve through the 
lever, and opens the admission. The piston makes a large 
portion of its stroke before the valve requires to be moved again. 

This statical state of the valve is obtained by the middle por- 
tion of the bar having much less twist. until approaching each 
end. This quick twist at the end brings up the tappet for 
giving admission, &c., for the next stroke. 

The levers of slide valve are not acted upon throughout the 
18 in. stroke, nor yet so gradually as is generally understood, an 
opening being left between the two tappets, so that during a 

rtion of the stroke of the piston they may not be acted upon 

y the tappets. I leave your readers to judge whether the slide 
levers are quickly struck or not. Besides, if these levers were 
fixed, and their action more certain and reliable, we should not 
be obliged to see the bolts of the cylinder coyers, &c., destroyed 
so often, as in one case here before the public. 

I am quite at a‘loss to know why-any steam fire-engine 
makers are compelled to make the area of steam two to one of 
water cylinder, when we consider that steam sufficient by either 
engine could be obtained quite as soon as 2000 ft. or more of 
hose could be laid. Leather being used for pipes, the hydraulic 
— is thus limited to, say, 1401b.,a pressure which, I 

lieve, has not been exceeded by any maker. 

With boilers carrying 140 1b. steam, the coefficient required 
ought not, with a good steam action, to be large. The over- 
driving referred to ,! your correspondents was not on the part 
of Messrs. Shand, Mason and Co.’s engine. The latter are 
not governed in speed by their pump, as the water passes 
through without changing its direction, and is uninfluenced by 
the number of revolutions, as shown by the unwavering jet 
thrown. 

The piston speed being only 200 ft. per minute, while each 
cylinder of the double engine of Messrs. Merryweather and Sons 
made 240 ft. per minute, and whose fuel was dancing in the 
grate with the powerful blast. Their fire-door was kept closed 
except when putting on fresh fuel, whilst Messrs. Shand, Mason 
and Co. had their fire-door often standing open, having more 
steam than was required, 

' It is the prevailing opinion here, by those having any know- 
ledge of steam and steam fire-engines, that Messrs# Shand, 
Mason and Co.’s engine is the most suitable for Bradford and 
the country generally. 
I am, Sir, your most obedient Servant, 
Wo. Haaus, Engineer. 
Bradford, York, September 19th, 1866. 








CAST-IRON ABUTMENTS, 
To THE Eprror or ENGINEERING. 

Sir,—In a leading article of one of your contemporaries, The 
Engineer, upon the merits of my invention, in justice to myself 
and its ‘readers, ‘I cannot allow some of the statements there set 
oy to go uncontradicted, inasmuch..as they are at variance 
with m: 

I will, if possible, try to analyse the “ difficulties” and clear 
up the “doubts” there expressed, ‘Ido mot presume to claim 
any. y in nsing screw piles for foundations; but, at the 
same time, the superstructure on my. principle, :heing of such a 
light nature, does not, require the n of piles that would be 
required if a mass of masonry had to be supported, then making 
poe piling even more, expensive than concrete or other founda- 

Ds. he aah 

If we are ta take the sabe of bridges at Bevesat built “ and 

’ with screw piles as any, guarantee of their. efficiency, 
we need. look no further as to pal gaining confidence with the 
engineer, and therefore-do not admit, that, their use is so limited 
as it wishes to represent. a 

My method is applicable to foundations of any depth, and I 
contend that 24 ft. is not an extreme case, as I have seen several 
bridges recently{ constructed on the Thorne branch of the Man- 
chester, Sheffield, and Lincolnshire Railway with a depth ex- 
ceeding that, and in boggy lands it is seldom you get to a good 
bottom with less. 

The article goes on to say that “the abutments violate two 
“ conditions whose fulfilment is indispensable in all cases where 
“ the solid is replaced by a superticial form. One is that the hollow 
“ or superficial substitutions must enclose a space ; the other that 
‘it must have a frame or stiffener, the number depending upon 
“ the extént of the area.” 





Let us see how far I carry these two principles out, In look- 


ing at the design closely, you will see that over each pile there is 
carried up two large vertical flanges; these forming part of the 
plates, being well bolted to the piles, act instead of the continua- 
tion of the pile(which, it acknowledges, would have been perfect). 
Not only does this form one continuous pile, “so to speak,” but 
at every horizontal joint is assisted by tie-rods and horizontal 
flanges, of which I shall speak hereafter. 

‘the use of the large rectangular pillars is not fully under- 
stood. ‘True:they carry the main girders, but this is only part 
of their duty; having great vertical stiffness and solidity, 1 make 
yse of them im'the following manner: 

The plates forming the face of the abutment have not only the 
webs spoken of above, but also main horizontal flanges; these 
act as girders, which have their bearings on the pillars. At the 
intersection with the main vertical flanges they have also ties, so 
that unless the pillars came over bodily, bringing the wing walls 
with them, the face could not possibly give way. Again, not 
only are the plates framed, but have at the back webs or 
stiffeners proportionate to the strain which they have to bear ; 
also the ornamental moulding at the top is cast with a stiffening 
flange, céntinuous from one pillar to the other, to which the 
plates are bolted; this also acts as the top main frame and 

irder. |. 
a?" the:pressure on the tie-rods is always in one direction, I 
cannot see the necessity of adjustment. 

As:to cost; I contend that masonry and brick abutments for a 
24 ft. bank, with way walls, could not be built for 8002 under 
the most disadvantageous ‘circumstances. There would not be 
less than 1000 cubic yards, and, say, even in London, where 
bricks are not difficult to procure, would not be built for less 
than 1/. per yard, saying nothing of the Ashlar to make the 
bridge presentable. There is no difficulty in connexion with 
skew bridges; the relative value remains just the same with 
masonry, either square or skew. I do not think the present 
form the best to display the advantages to be gained by the sub- 
stitution of iron for stone, as I propose to the face of the 
abutment segmental, the thrust being taken by the pillars, 
which are again tied to each other. 

Engineers are well aware how efficacious the system of plating 
is carried out in large water-tanks, and I cannot see how so 
much difficulty should arise in adopting a similar system to 
contain a substance which has so many advantages on its side. 
In conclusion, taking the case where it would be most desirable, 
we have no coffer-dams, no obstruction to navigation, easiness 
of construction, shortness of time compe es in building, general 
appearance. The inventor cannot help thinking that, with a few 
modifications dictated by experience, it will not only be a saving 
in money, but a step in that vast field of improvement where a 
light and elegant structure ‘will take the place of a ponderous 
and unsightly mass of bricks and mortar. 

W. D. Rozornam. 

Doncaster, Sept. 19th, 1866. 

[We have not corrected our correspondent’s extraordinary 
grammar.—Ep. E.] 








NOTES ON STEAM VESSELS. 

Tue price paid for labour in the construction of ships of war 
has been, in some cases, as low as 2I. 12s. per ton. At Wool- 
wich Dockyard, the cost of labour for building the same class of 
vessels was 6/. 17s. 8d. 

The first steamship which made the voyage, under steam 
throughout, across the Atlantic, was the Royal William, in 1833, 
This vessel was of 180-horse power and 1000 tons burthen, and 
was built at a place called Three Rivers, on the River St. Law- 
rence, in Canada. ‘The voyage was made from Pictou, Nova 
Scotia, to Cowes, Isle of Wight. 

Mr. William Bridges Adams proposes to form iron ships with 
double skins, connected, not as in the Great Eastern, but by 
stay-bolts, like the sides of a locomotive fire-box. The inter- 
vening space, only a few inches thick, to be filled with pitch. 

The passenger fare from Bristol to New York, by the Great 
Western steamship, was 45/. By the British Queen it was 50/. 
The highest fare is now 26/. Goods, which are now taken at 
81. per ton, in the Cunard vessels, formerly paid 8/. per ton by 
the same line, 

The cost of maintaining steamship machinery is estimated 
by the best authorities at about 6/ per horse-power per annum, 
being about 12 per cent. per apnuin on the prime cost of the 


machinery. 

The bow of the Great Eastern is 380 ft. long, the middle body 
120 ft., and the stern 220 ft. long. 

The American ship Sava crossed the Atlantic in 1819, 
steam being employed on a part of the voyage. In 1820 the 
Falcon used steam on a ot of her voyage to India, and the 
Enterprise steamed the whole distance to Calcutta in 1826. 

If the screw engines of the Great Eastern are worked ahead, 
and the paddle engines worked with equal power astern, the 
rudder being placed hard-a-port, the ship will be turned almost 
as if upona Ypres the stern going to starboard. 

If a paddle steamer and screw steamer of similar form, and 
with engines of equal gtr are fastened stern to stern, and the 
engines set at work, the screw vessel will tow the paddle. If fas- 
tened head to head, the paddle will tow the screw. The result 
is due to the wave, in each case raised by the screw, which in 
one case presses, by its hydrostatic weight, the screw from the 
paddle, and in the other presses it towards the paddle. 


WAGEs IN THE CLEVELAND District.—A correspondent of 
the, Darlington and Stockton Times has referred to the pay- 
books of a large firm, where the wages have been quite as low 
as in any part of the district, and obtained the followin 
statistics from actual payments made during the past half- 
year: 












Average nett Highest nett weekly 
weekly wages wages earned 
for last during last 
six months. six months. 
£"'s. “ d. zs. d. 
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ENGINES OF THE UNITED STATES SLOOP OF WAR “HASSALO.” 


DESIGNED BY B. F. ISHERWOOD, ESQ, CHIEF OF THE BUREAU OF STEAM ENGINEERING, UNITED STATES NAVY 
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to be built of brickwork, in a cellular form, and are te be carried Merropouitan WATER SurPLy.—Some active steps are 
Embankment between Temple-gardens and Blackfriars-bridge— | up to an uniform level of 11 ft. above datum. The arches will be | at length being taken to procure a better water supply for the 
a length of 855 ft.—for which tenders are now invited, will | thirteen in number, and will be constructed of granite. The | metropolis, and a committee, consisting of Sir John ‘Lubbock, 
differ somewhat in its construction from the remainder of the | form will be elliptical, and the spans will vary, the greatest | Alderman Lusk, M.P., Dr. Andrew Clark, Dr. Jeaffreson, Mr. 
work. It will be supported on a series of arches, giving access | being 80 ft. Where the subway passes the 80 ft. opening, it | Whalley, M.P., Dr. Murchison, and other gentlemen, has been 
to docks which will be formed on the inner side of the road- | will be constructed of wrought iron, and the roadway over it will | formed to obtain by immediate legislative enactment powers 
way; and a subway, 9ft. wide and 7 ft. Gin. high, for the | be carried by segmental arches of brick. The spandril walls | compelling the existing metropolitan water companies, a8 far a8 
and water pipes will be formed within the works. The | of the arches will be of brick, and the interstices in the spandrils | their means will enable them, to afford a constant instead of an 
joun 

iron 


Tux Tuamxs Empanxment.—The portion of the Thames 


dations of the piers for the arches will be formed of cast- | will be filled up solid to the underside of the pavement with | intermittent supply of water throughout the metropolis; to 

caissons carried down 21 ft. below Ordnance datum, and | concrete. The roadway is to be formed of Aberdeen granite | compel them to give water of the purest possible quality by 
filled in with concrete for a height of 15 ft. The parts above | cubes, 7 in. deep by 4 in. wide, and the footway is to be paved | means of improved filtration; to lower the present rate of 
the concrete will be eventually removed, but the lower portions | with York landings, no stone having a less area than 5 square | charges; and to amend the mode by which the rates are levied 
will remain as permanent parts of the work. The piers are | feet. and collected.— Pall-mall Gazette. 
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ENGINES FOR THE NEW AMERICAN 
SLOOPS OF WAR. 


We have been favoured by Mr. B. F. Isherwood, Chief of the 
Bureau of Steam Engineering of the American Navy, with draw- 
ings and the following specifications of the engines of the sloops 
of war now building. The engines are not rated by nominal horse 
power, but by the diameter of cylinder—60 in. with 36 in. stroke. 


GENERAL DESCRIPTION. . 

The Design—There are to be two horizontal back-action 
engines, with the cylinders placed side by side on the starboard 

side of the vessel, and bolted together by suitable flanges. _ 

Slide-valve—Each cylinder is to have on its outer side a 
double-ported balanced slide-valve me ore on its edge, and 
with lap on the steam side to cut off at six-tenths of the 
stroke of the piston when in full pears Waddell’s equilibrium 
plate and Bristol's rollers to be used. 

Valve-chest.—The valve-chest to be cast separate from the 
cylinder and bolted on. A disc stop-valve to be placed at the 
yalve-chest of each engine, so as to completely exclude the 

from it. 
a ot piston is to have two piston-rods, which 
are to be secured to a crosshead moving on guides; and fromthe 
crosshead journal the connecting-rod (both ends of which are 
single) is to be returned to the crank-pin. One piston-rod is 
above and the other below the crank-shaft; the cranks of which 
revolve between them. 

Valve-motion.—The cylinder-valve is to have two stems 
secured to a crosshead, and is to be worked from the crank-shaft 
by means of two eccentrics and a Stephenson link, through two 
arms and a rock-shaft. The reversing gear is to be a hand- 
wheel and worm-screw, together with the necessary links, arms, 
and shaft. : 

Air and circulating Pumps.—Directly opposite the cylinders 
there is to be a single casting containing, for both engines, the 
air and circulating pumps, and the fresh and salt water reser- 
voirs, together with the valve-chambers and channel-ways 
appertaining to them. For the two engines there will be one 
air-pump and one circulating-pump. Each pump is to be 
horizontal and double acting; the air-pump to be at the 
forward end, and the circulating-pump at the after end of the 
casting. The receiving-valves to be at the side of the pumps, 
and the delivering-valves above the top of the pumps. Each pum 
is to be worked direct by an arm on the lower piston-rod, an 
will have the same stroke of piston as the steam-piston. The 
air-pump is to have a check safety-valve placed above the fresh- 
water reservoir, and delivering into the outboard delivery-pipe, 
to act in case the air-pump should at any time discharge more 
water into the reservoir than the feed-pump could deliver. 

Condenser.—Sewell’s surface condenser — for both engines ) 
to be used, with the tubes lying in the fore and aft direction 
of the vessel, and packed at both ends, the refrigerating water 
to pass direct through the tubes. The condenser to have one out- 
board delivery-pipe, which will discharge through an outboard 
delivery-valve. Tt will also have two exhaust-nozzles, a con- 
necting channel, and an opening at the centre of one side. It 
will be placed immediately over the casting containing the air 
and circulating pumps, with which it will connect by vertical 
hollow columns on both sides the crosshead guides. 

Bilge and Feed Pumps.—For the two engines there is to be one 
double-acting bilge pump worked direct by an arm on the upper 
piston-rod of the after engine, and delivering through a check- 

’ valve into the outboard delivery-pipe. There is to be for the 
two engines one double-acting feed-pump, worked direct by an 
arm on the upper piston-rod of the forward engine; the feed- 
pump to draw from the fresh-water reservoir. Both pumps 
will have the same stroke of piston as the steam-piston. 

Crosshead Guides.—The crosshead guides will be upon the 
upper side of the casting, containing the ‘air and circulating 
pumps, and beneath the under side of the condenser. 

Crank-shaft——The crank-shaft is to be forged solid, with 
two pairs of cranks at right angles to each other, and is to have 
three journals, and be provided with a counterbalance and a 
disengaging clutch-coupling for connecting and disconnecting to 
screw propeller line shafting. 

Frames.—There will be three frames, in which will be cast 
the crank-shaft pillow blocks. These frames will be bolted 
to the cylinders and to the casting containing the air and cir- 
culating pumps, by suitable flanges and lugs. 

Boilers.—Boilers to be six in number: four of them to be 
main boilers of Martin’s patent with vertical seamless brass 
tubas, and two of them’ to be superheating boilers of one furnace 
each, with horizontal iron tubes. Boilers to be placed in pairs 
Opposite each other, three on each side of the vessel, the 
superheating boilers to be next the engines. Each pair of main 

ilers to have one fixed smoke pipe, making two pipes in all. 
The superheating boilers are to deliver their products of com- 
bustion into the uptake of the next main boiler. Each boiler to 
be complete in itself, with all its appendages, and capable of 
being used alone on the engines independently of the others. The 
whole of the interior of the boilers to be accessible from, and all 
the operations connected with working and cleaning them to be 
a from, the fire-room. The working steam pressure to 

40 lb. per square inch above the atmosphere. 

Fire-room.—The fire-room is to be dft. 6 in. wide between 
the - a, and is to extend in the fore and aft direction of the 
vessel. 

Screw Propeller.—The screw propeller to be fixed, to have 
an expanding pitch in the fore and aft direction of the vessel, 
and to have its edges, viewed sideways, parallel and curved 
backwards. 


< 7 —A 7 
abaft the engines. 

Space occupied.—Total length occupied in the vessel by the 
engines over eccentrics, 20 ft. Gin. Total breadth occupied in 
the vessel, 24 ft.; total height above keelson, 9ft. 6 in.; dis- 
tance between axes of cylinders, 7 ft. 3in.; height from bottom 
of soleplate to axes of cylinder, 3 ft.6in.; the boilers, includ- 
ing fire-room, will occupy on the floor of the vessel a length of 
56 ft. 6 in., and a breadth of 29 ft. 

Accessibility of Working Parts—All the journals, valves, 
cocks, pillow-block caps, and stuffing-boxes of the whole 
on to be accessible to hand when the engines are in 





ge way to extend along the sides and 


Coal Bunkers.—The coal bunkers to be arranged along the 
backs and forward of the boilers, along the sides of the engines, 
between the boilers and engines, and on the berth deck of 
the vessel, with suitable connecting chutes. 

Steam Pumps.—There will be two large steam pumps for 
auxiliary pumps to the boilers, and they will be fitted for fire- 
engines and for hand pumps. There will also be a steam pump 
for the bilge. 
Detatt DESCRIPTION. 
ENGINES, LINE-SHAFTING, AND SCREW PROPELLER. 

Cylinders.—To be two in number, of the best scrap iron, cast 
as hard as can be worked by tools. Length over all, 6 ft. din., 
metal to be 1g in. thick, with a flange 14 in. thick for back head. 
To be very smoothly bored 60in. in diameter, and a suitable 
length for a stroke of piston of 36 in., with a clearance of ¢ in. at 
inboard end and 3 in. at outboard end. 

Flanges.—To have strongly ribbed flanges, one 164 in. and 
the other 8 in. wide, and 2 in. thick, cast on for bolting to the 
vessel. To have vertical flanges, well ribbed, one 164 in. and 
the other 8 in. wide,. and 1j in. thick, cast on for bolting 
to the crank-shaft pillow-blocks. To have flanges 2 in. thick, 
cast on for bolting cylinders together, and to have flanges 1} in. 
thick, cast on for sustaining pillow-blocks for reversing gear. 
To have flanges 1j in. thick for valve-chest, of which the 
flange at top is to be 64 in. wide, at ends 5in., and at bottom 
4in. wide; the valve face to project 4 in. from flange face. An 
exhaust nozzle 10in. by 30in. will be cast on the top of the 
cylinder with a flange 4} in. wide and 17in. thick, and flush 
with the flange for steam-chest. All flanges to be faced. 

Holding-down Bolts.—Each cylinder is to be secured to vessel 
by’six holding-down bolts passing through the frames, These bolts 
are to be of wrought iron, turned, 24 in. in diameter, with a 
hemispherical head forged on, 5 in. in diameter; head and bolt, 
with the exception of the thread, to be cased with brass y% in. 
thick after being turned; head to be fitted to a brass-cased 
washer 8 in. square by 3 in. thick; nuts of bolts to be tool- 
finished, and of wrought iron. 

Relief-valves.—Bottom of each cylinder at each end to be 
fitted with a 3$in. diameter relief-valve, opening outwards 
against a steel spiral springs the tension of the spring to be 
regulated by a set screw. Valve-seat and valve, with casing for 
spring, to be of finished brass, and accurately fitted up; each 
valve to work independently, or by a handle in the engine-room. 

Starting-valve,—On the top of each cylinder, at each side of 
the exhaust nozzle, will be a slide starting-valve of finished 
brass, covering a rectangular steam port lin. by 8in.; the 
starting-valves of each cylinder to be worked by a handle in the 
engine-room. 

Cylinder Ports.—Steam ports to be 23 in. by 54in. Exhaust 
ports to be 53in. by 54in. Centre of length of ports to be 1 in. 
above the horizontal plane of the axis of the cylinder. Ports 
to be dressed perfectly square and true. Each steam and ex- 
haust passage to be ribbed with two ribs 1in. thick. 

Front Head.—The front head of the cylinder to be 12 in. 
thick; to be cast in, with six flanged ribs 1} in. thick and 8} in. 
deep, flanges 1¢in. by 5in. wide over all; to have two accu- 
rately bored and faced holes, 10} in. diameter, for the reception 
of the piston-rods’ stuffing-boxes; also a manhole of 16 in. 
diameter, which is to be accurately bored and closed with a 
double shell cover of mixed Stirling and Salisbury iron, finished 
all over. ‘The outside shell to be dished inward 3in. ‘Thickness 
of metal of shell 1 in., of flange 1g in., which is to be bolted to 
a flange 1} in. thick by twelve finished wrought-iron standing 
bolts of 1 in. in diameter, with coarse thread, nuts of finishéd 
wrought iron. A finished cast-iron false head, § and 1}in. 
thick, in two parts, to be fitted around the manhole cover and 
the mapped stuffing-boxes, and secured with { in. diameter 
tap bolts to suitable lugs on the ribs of the cylinder head. 

Back Head of Cylinder.—To be of mixed Stirling and Salis- 
bury iron, cast. with double sheli, stiffened by six ribs, and 
finished all over. To have recesses for heads of piston-follower 
bolts and nuts of piston-rods. Thickness of the metal of the 
inside of the shell, 12in. The outside of the shell to be 1 in. 
thick, and dished inwards, 8in. Flanges to be 1#in. thick, and 
faced ; to be bolted to cylinder by thirty finished wrought-iron 
bolts of 1}in. diameter, with coarse thread, and to be standing 
bolts where necessary; nuts to be of wrought iron and finished. 
i double shell to be filled with plaster of paris and soapstone 

ust. 

Manhole.—A manhole, 16 in. in diameter, to be accurately 
bored in the cylinder head, and closed with a double shell cover 
of mixed Stirling and Salisbury iron, finished all over. The 
a to be fiuished to the same form as the one in the front 
head. 

Eye-bolts.—Two eye-bolts of finished wrought iron are to be 
fitted to the cylinder head, convenient for lifting it. 

Piston-rod Stuffing-box. Thread.—To be of mixed Stirling 
and Salisoury iron, and finished all over. To be bored 8in. in 
diameter, and turned 10}in. in diameter. To have faced flanges, 
1gin. thick, bolted to cylinder head by six finished wrought-iron 
standing bolts, 1in. in diameter; nuts of finished wrought iron. 
Stuffing-box to have a square thread, 4# in. long and 4 in. pitch, 
cut on it for screw-gland. Thickness of metal at thread, 14 in. 
Depth of stuffing-box, 14in.; extreme length, 16} in. 

Bush.—To be fitted with a finished brass bush; bush, 2} in. 
deep; thickness of metal, 4 in. 

he ollower.—The stuffing-box to have a screw follower of 
finished brass, 6 in. in extreme length, with a square thread cut 
on the inside to fit the thread on the outside of the stuffing-box. 
On the outside of this follower there are to be cut worm teeth, 
5 in. long, into which is to be geared a finished wrought-iron 
worm-screw of 2gin. diameter, and #in. pitch, with finished 
wrought-iron handle, accessible in engine-room, so that the 
stuffing-box may be easily screwed up with the engine in 
operation. The worm is to be supported by a finished brass 
ge enclosing the screw, and secured to the cylinder 

nge. 

Gland.—Stuffing-box gland to be of finished brass, 6% in. 
long, turned and bored to fit stuffing-box follower and piston- 
rod. 

Valve-chest.—To be of mixed Stirling and Salisbury iron; to 
be 25 in. deep; extreme length, 6 ft.; thickness of metal, 1gin. 
The valve-chest to be carried up above the valve, in the form of 





an arch, and to have an opening 13#in, in diameter in the 





outboard end for the admission of steam. The remainder of 
the arch to be separated from the chest by a partition 1¢ in, 
thick, and used as a passage for the exhaust; it is to connect 
with the exhaust nozzle on the cylinder by an opening of 10 in. 
by 80in., and with the pipe leading to the condenser by an 
opening in the end, 192 in. in diameter. 


Flanges.—The flange for securing the steam chest to the 
cylinder to be 1}in. thick, 6$in. wide at top, and 4 in. wide 
around exhaust nozzle; to be 5in. wide at ends of chest, and 
4 in. wide at bottom of chest. The chest tobe accurately fitted 
around the projecting valve face, and secured to the cylin- 
der by 53 finished wrought-iron standing-bolts, 1} in. in 
diameter; nuts to be of finished wrought iron. The bottom 
edge of chest will also have a flange, 2¢in. thick and 25in. 
wide, for bolting to the vessel. The flange to be strengthened 
by three ribs, 1j in. thick, and of the width of the flange, and 
to be secured to the frames of the vessel by three holding-down 
bolts, the same as those described for the cylinder. 


Bolting to Crank-shaft Pillow-block.—The inboard end of 
chest will be a flange, 1fin. thick and 25 in. wide, for bolting to 
crank-shaft pillow-block. The chest will also have a flan 
1g in. thick and 4}in. wide, for valve-chest bonnet; all the 
fianges to be faced. 

Valve-stems’ Stuffing-box—The valve-stems’ stuffing-boxes 
to be cast on the outboard end of the chest; to have lugs for 
follower bolts, and to be strengthened by brackets 14 in. thick, on 
the top and bottom. Outside diameters of stuffing-box 6# and 
7in., extreme length from end of chest 16in.; to be bored 
4t in. diameter for depth of 16in. To be fitted with a finished 
brass bush 2} in. deep; and a finished brass follower, accurately 
fitted, Gin. long, with two lugs 1in. thick, held each by a 
standing bolt 1 in. in diameter, of finished wrought iron, with 
finished wrought-iron nut. 

Rock-shaft Pillow-block.—The rock-sbaft pillow-block will 
also be cast on the chest, and strengthened at one end by the 
stuffing-box, and at the other end by a bracket 1} in. thick. 

Bearing for ee the bottom flange 
and chest, at outboard end, will bea bearing, 12 in. long, for the 
reversing shaft. Bearing to be fitted with finished brasses, and 
with a finished cast-iron follower; all to be secured by a box 
bracket, bolted to bottom flange and rock-shaft pillow-block. 

Valve-chest Bonnet.—The valve-chest bonnet to be of mixed 
Stirling and Salisbury iron, cast double shell and stiffened with 
three ribs, both vertically and horizontally. Thickness of metal, 
Lin. » The shell to be filled with plaster of paris and soapstone 
dust. Flange 1gin. thick, and faced; to be finished on the 
outside, and bolted to the chest by 36 finished wrought-iron 
bolts of 14 in. diameter; nuts of fisished wrought iron. 

Valve.—Each cylinder to have a double-ported Bristol roller 
valve with a Waddell balance attachment. The valve to have 
a throw of 8}in.; and to be mounted on its edge on twelve 
polished cast-steel rollers 2 in. in diameter and 2}in. long, 
working ona polished steel- track 3 in. thick, fitted in the bottom 
of the valve chest. To have steam my? lz in. wide by 54 in. 
long, and exhaust ge 17 in. wide by 54in. long. To havea 
lap on the steam side of 2fin., and on the exhaust side of 14 in. 
Thickness of metal of face, 14 in.; other parts to be 1} and Lin, 
To have two ribs ‘each, 1 in. thick, and a flange for cover, 1} in, 
thick and 4 in, wide. The cover of the valve to be 12 in. thick, 
faced on the inside, and strengthened by three ribs on the outside, 
each, lin. thick by 24in. deep; the flange to be 14 in. thick, 
fuced, and secured to valve by thirty-two lathe-finished wrought- 
iron bolts and nuts of iin. diameter, The rollers on the face 
of the valve to be hardened cast steel, and polished, thirty-two 
on each side, to be 1din. in diameter by 24 in. long, working on 
polished ‘cast-steel bars, lin. thick, fitted into the valve and 
seat; the channel for rollers to be made in the projecting valve- 
seat, and formed on one side by the flange of the chest. The 
Waddell balance plate to be made of brass, with a bearin 
surface around the edge of 14in. wide. Extreme dimensions o; 
plate, 85 in. by 41 in.; to be 12in. and 14 in. thick, well ribbed, 
accurately fitted, and secured to the bridge by eight lathe- 
finished wrought-iron tap-bolts, 14in. in diameter. The bridge 
is to be cast to the cylinder, and is to have a flange 2} in. thick 
by 8in. wide, stiffened by three ribs, 1} in. thick, on each side. 
All wearing surfaces to be accurately scraped together. The face 
of the valve and the face of the plate to be steam-tight at the 
same time. 

Valve-stems.—There will be two valve stems to each valve, 
and they will be 30in. from centre to centre. To be of finished 
steel, and 23in. in diameter; extreme length, 4ft.2in. To 
have on the outer end a collar 4in. in diameter by 2in. thick; a 
thread 3 in. long; and a 2 in. square head; and on the inner end 
a thread 8} in. long. Stems to be secured to valve by brass 
nuts 6in. square by 3in. thick, let into pockets made in the 
valve. Stems to be accurately fitted to a crosshead, and secured 
to it by a finished wrought-iron nut 23 in. deep. ° 

Piston.—To be of mixed Sterling and Salisbury iron, cast 
double shell, and stiffened by seven ribs, each lin. thick. To 
be accurately turned. Thickness of metal, 1din. Thickness 
around piston-rods, 8in. Face of piston, 14 in.; depth through 
the centre, 12in. Eyes of pistons to be accurately bored to fit 
taper of piston-rod, and to be recessed for the collar and nut of 
the same. The side of the piston, opposite the follower, to have 
a wrought-iron band, 2in. by 14in. in section, bored 56 in. 
diameter, and accurately fitted and sbrunk on. 

Packing.—The packing to consist of cast-iron rings, set out 
by steel springs. Packing space for rings, 1} in. by 92 in.; for 
springs, 8} in. by 1jin. There is to be an outer and an inner 
ring. Outer ring to be in two pieces, } in. thick, to be turned to 
accurately fit cylinder, and then sawn across obliquely. Inner 
ring to be in one piece, and } in. thick, to be turned to accurately 
fit outer ring, and then sawn across obliquely, to be extended by 
ee steel springs set out by screw bolts. All rings to be 
accurately scraped on each other, and on the piston and fol- 
lower, and to be pinned to piston to prevent turning. For one- 
third of the circumference of the piston, and at its bottom, a 
cast-iron bearing piece is to be substituted in place of springs; 
it is to be accurately fitted between rings, follower, and piston. 

.—The follower is to be of wrought iron, accurately 
turned, and scraped on rings and piston. ‘To be 1¢ in. thick by 
9in. wide, with a rim at its outer circumference 1 in. thick by 
8zin. extreme depth. To be secured to piston by fourteen 
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turned steel bolts, 1} in. in diameter and 6 in. long, with brass 
nuts 3 in. deep, and 2§ in. diameter, screwed into piston. 

Main Pillow-blocks.—There are to be three main pillow- 
blocks of mixed Sterling and Salisbury iron, cast with flanges 
to bolt to vessel, to cylinders, and to channel-plate. Bottom 
flanges to be 24 in. thick and 33 in. wide; by them each pillow- 
block is to be bolted to vessel with eight turned through wrought- 
iron holding-down bolts, 24 in. in diameter, cased with brass 

in. thick when turned, and having the same sized nuts, and 
Reed otherwise in the same manner as the holding-down bolts 
already described for the cylinder. Pillow-blocks to be bolted to 
cylinder and valve-chest by a flange, faced, 1fin. thick and 
838 in. wide, with twelve turned wrought-iron bolts, 2in. in 
diameter, in centre pillow-block, and eleven bolts 2 in. diameter 
in end pillow-blocks ; heads and nuts of wrought iron, finished. 
Bolt-holes to be reamed, and bolts body-bound. 

The centre pillow-block to bolted to channel-plate by a faced 
flange, 1{in. thick and 30 in. wide, with four turned wrought- 
iron bolts, 2 in. in diameter. Each of the two end pillow-blocks 
to be bolted to the channel-plate by a faced flange 1 in. thick 
and 234 in. wide, with three turned wrought-iron bolts of 2 in. 
diameter ; heads and nuts of wrought iron, finished. Bolt-holes 
to be reamed, and bolts body-bound. 

The bottom flange for the end pillow-blocks to be at this point 
26 in. wide, and that for the centre pillow-block to be 30 in. 
wide; all to curve to a width of 33in., at a distance of 26 in. 
from channel-plate. The three pillow-blocks to be alike in all 

ts, except the end which connects with the channel-plate, 
as described. Thickness of web of pillow-blocks, 12 in. ; of jaw, 
at back of brasses, Gh in. ; of jaw above and below brasses, 7 in. 
Depth between jaws for reception of brasses, 24in. The top of 
the pillow-blocks, together with two ribs at bottom, on each side 
of the centre web, to be 14 in. thick and 33 in. wide; other ribs, 
on each side of web, between jaw and flange, to be 14 in. thick 
by 7} in. wide. 

Brasses for Crank-shaft Journals.—Brasses for each journal 
of cravk-shaft to be in two parts, and to be screwed up horizon- 
tally, metal to metal, with proper chipping pieces. Extreme 
length, 45 in.; length between flanges, 35 in. To be finished all 
over, bored in place, and accurately scraped to journals of 13 in. 
diameter. To be hollow, and fitted with brass pipes and cocks 
for the circulation of water through them. Thickness of metal 
inside, 2 in.; outside, lin. To have flanges 1} in. thick, project- 
ing 5in., and — collars 1jin. thick. Brasses to have 
planed wrought-iron blocking-pieces at top and bottom, and a 
wrought-iron blocking--piece at the back, which will be «bored 
circular on one side to fit the back of the inside brass, and planed 
fiat on the other to fit the jaw. This piece to be 24 in. high by 
85 in. wide, and to have a minimum thickness of 2 in. It is to 
be set out for adjustment of the brasses by eight finished 
wrought-iron bolts, 2 in. diameter, and tapped through the 64 in. 
of metal of the jaw at back of brasses. Each bolt to be secured 
by jam-nuts. The back brass to be circular on its back, con- 
centric with its journal, to allow it to be removed from the jaw 
without disturbing the crank->haft. : 

Main Piliow-block Caps.—Main pillow-block caps to be of 
wrought iron, finished ail over; to be 4in. thick, 35 in. wide, and 
88 in. long, with lugs 24 in. thick and 1) in. long; to be locked 
over jaw of pillow-block. Each cap to be secured to pillow- 
block with four finished wrought-iron bolts, 3}in. in diameter 
and 24 in. jong inside of head; heads to be 44 in. long, 7 in. 
wide, and 34 in. thick. Bolts to be pocketed into Jaws of pillow- 
block ; nuts to be of finished wrought-iron, 7 in. in diameter by 
Bin. deep, with collar, 7 in. diameter by 1} in. thick, recessed 
their depth into the caps for stoppers, and secured by a finished 
steel set-bolt, 1 in. diameter, tapped into cap. 

Eccentrics.—There are to be two eccentrics for each engine, 
to be of wrought iron, turned and finished all over; to be 304 in. 
diameter, and to have a throw of 12 in.; to be 4in. in width 
between collars, and over collars 5in, in width; to have two 
holes through them, leaving a rim 2} in. deep, and hub 2#in. 
deep, and an arm 231m. thick ; to be keyed on shaft with a head 
eccentric next the brass. 

Eccentric Straps.—Eccentric straps to be of brass, and 
finished all over; to be 4 in. wide on face, and 24 in. thick, with 
rib on back, 1}in. by Sin. Lugs to be 5}in. deep. Straps to 
be held by two finished wrought-iron bolts, 23 in. diameter, with 
finished heads and nuts; straps to be fitted accurately to eccen- 
trics. 

Eccentric Rods.—The eccentric rods to be of finished wrought 
iron, and dovetailed into and bolted to straps, with three 12 in. 
diameter finished wrought-iron bolts, body-bound ; widest part 
of dovetail, 9 in.; narrowest part, 74in. Section of rod at strap, 
22 by 7) in.; at neck, 3g by 3gin. Ends of rods to be forked 
and fitted with brasses, straps, gibs, and keys, and connected to 
a Stephenson link by a pin, 29 in. diameter, increased to 32 in. 
diameter in the link, where it will be accurately fitted and keyed 
fast. Extreme length of pin, 8)in. Forked ends of rods to be 
gin. by 3 in. Brasses to be 23in. long, with collars, 14 in. 
thick 


Stephenson Link.—There is to be one Stephenson link for each 

ine, to be of wrought iron, 3 by 44 in., and finished all over; 

to be 2 ft. between centres «f block-pin for extreme movement. 
Opening to be 6 in. wide and 32 in. long. 

Lugs.—To have lugs 9 in, diameter at each end for connecting 
with ends of eccentric rods; to be on the centre line of link, and 
43 in. from centre to centre 

Bridge and Pin—Bridge-piece for suspending-bar to be 
secured at the centre of the liuk by three finished wrought-iron 
bolts on eaqh side, lin. in diameter, riveted on both sides, and 
body-bound. Bridge-piece to have forged on it a finished 
wrought-iron pin of 3in. diameter, and 2)in. length, for the 
journal of the suspending-bar. 

Bloct.—Block in link to be of brass, finished all over; to be 
Sin. long, and to have one fixed and one loose flange ; 

Rin. wide by 2 in. thick. 

Pin in hock-sha Arm.—Link to be attached to a finished 
wrought-iron pin, having a journal 4¢ in. in diameter and 44 in. 
in length, and kept in place by a collar and a countersunk bolt, 
1d in. in diameter. The part of the pin in the arm to be 43 in. 
diameter, tapering to 4in. diameter; to have a collar 54 in. 
diameter, and } in. thick, forged on, and recessed into arm ; pin 
secured to arm by a finished wrought-iron collar nut, 24 in. deep ; 
collar, 6 in. diameter. 





Rock-shaft Arms for Valve Motion.—The rock-shaft arms, 
connecting with the Stephenson link and the valve-stems’ cross- 
head, to be the best quality wrought iron, finished all over. 
Boss for pin to be 73 in. diameter and 43 in. long, for link-arm; 
and 7} in. diameter and 4} in. long, for valve-stems’ arm; hubs, 
10} in- diameter and 6} in. long; least section of metal, 3 in. by 
52 in.; greatest section, 3in. by 8in. Hub for link-arm to be 
bored 63 in. diameter; for valve-arm, 63 in. diameter. The boss 
of valve-stems’ arm to be bored, tapering 43 in., and 4 in 
diameter ; to have a finished wrought-iron pin, accurateiy fitted 
and secured by a collar 5} in. diameter and 2 in. thick, forged on, 
and recessed into arm; and a finished wrought-iron collar nut, 
34 in. deep; collar, 6 in. diameter. The journal of pin to be 
43 in. diameter and 5in. long; to have a loose collar at end, 
which will be secured by a finished wrought-iron bolt, 13 in. 
diameter, tapped into pin. 

Rock-shaft for Valve Motion.—The rock-shaft to be of the 
best quality fagoted wrought-iron scrap, finished all over. To 
have a turned and polished journal, 6} in. diameter, and 17 in. 
long, extending between the arms; also, a journal fitted in the 
same manner, and 9 in. long inside of valve-stems’ arm. The 
rock-shaft to be accurately fitted and keyed fast to arms. 

Pillow-blocks of Rock-shaft for Valve Motion.—The pillow- 
block for the 17 in. long journal of the rock-shaft to be cast on 
the valve-chest as already described ; to be faced 17 in. long and 
14 in. deep, and to project from chest 16 in.; to be fitted with 
finished brasses § in. thick, having flanges 1 in. thick and 10} in. 
diameter, recessed into pillow-block and cap. Cap to be of 
wrought iron, finished all over; to be 2 in. thick, 17 in. long, 
and 14 in. wide, with lugs 1 in. deep by 1 in. thick; to be locked 
on — of pillow-block. The cap to be secured to pillow-block 
by four finished wrought-iron standing-bolts 14 in. diameter and 
12 in. long. 

The pillow-block for the 9 in. long journal to be of cast iron 
and bolted to cylinder leg; to be faced 6 in. long and 14 in. deep, 
and secured in place by two finished wrought-iron standing-bolts 
1} in. diameter. Brasses to be Jin. thick, with flanges 104 in. 
diameter and 1 in. thick. The brasses of both pillow-blocks to 
be bored in place and accurately fitted to rock-shaft. Cap to 
be of wrought iron, finished; to be 2 in. thick, 6 in. long, and 
14 in. wide, with lugs 1 in. long by 1 in. thick; to be locked over 
jaws of pillow-block, Cap to be secured by two finished wrought- 
iron standing-bolts, 14 in. in diameter, and 10 in. long, with 
finished nuts. 

Valve-stem Link.—The link connecting the valve-stems’ arm 
and their crosshead to be of finished wrought iron, fitted with 
brasses, straps, gibs, and keys; length between centres 24 in. 

The end of link connecting with arm to be fitted with brasses 
4 in. and fin. thick, having flanges 3 in. thick. Strap to be of 
finished wrought iron 4} in. wide, with gib and key 1} in. thick ; 
least thickness of strap 1} in. Section of link 4} by 6 in. 

Crosshead end of link to be forked and fitted with brasses for 
journals 3 in. diameter and 83in. long. The brasses to be 4 in. 
and jin. thick, with flanges 2 in. thick. Straps to be of finished 
wrought iron, 24 in. wide, with gibs and keys }in. thick; least 
thickness of strap $ in. Section of forked ends 24 by 34 in. 

Valve-stems’ Crosshead.—The valve-stems’ crosshead to be of 
finished wrought iron; width at centre 8 in., and at ends 5 in. ; 
thickness of metal 3 in.; to have a boss Gin. in diameter, and 
6 in. in length at each end; boss to be bored 23 in. diameter, 
with recess for collar of valve-stem; to be accurately fitted to 
stems, and secured to them as already described. Crosshead to 
be increased to 34in. thick in the centre, and bored 3} in. 
ae for link-pin; the pin to be accurately fitted and keyed 

ast. 

Reversing Gear.—The shaft of the reversing gear to be of 
finished wrought iron, and in two sections; each section to be 
5 in. diameter and 9 ft. 1din. long; to be fitted with a journal 
12 in, long at the valve-chest end, and one 94 in. long at the end 
between cylinders. 

Pillow-blocks.—The pillow-blocks for the journals between 
cylinders to be of cast iron, fitted with brasses and secured to 
bottom flange of cylinder by four collar bolts 14 in. in diameter, 
tapped into flange; the bolts to extend 3} in. from block and 
serve for the cap. 

Pillow-block Caps.—Cup to be of finished wrought iron 13 in. 
thick, with lugs locking over jaws of block; cap to be secured 
by finished wrought-iron nuts. 

Arms.—The two sections of the reversing shaft to be united 
between the cylinders by an arm having a hub 10 in. long and 
9 in. diameter ; to be fitted accurately to shafts and secured by 
a steel feather. Length of arm between centres 18 in.; least 
section 44 by 3in. Boss of arm to be 6 in. diameter and 33 in, 
thick, and bored 3 in. in diameter for pin. 

The opposite end of each section of shaft to have an arm 
24 in. long between centres, with hubs 9 in. diameter and 6 in. 
long, fitted and keyed fast to shaft. The boss ot arm to be 6 in. 
in diameter and 44 in. long, having a pin, with journal 3 in. 
diameter and 24 in. long, for suspending-bar, rivetted in. 

Suspending-bar of Step link.—The suspending-bar be- 
tween arm and link to be of finished wrought iron, 3 ft. 1 in. 
between centres; the lower end to be 6 in. diameter and 2¢ in. 
thick, and fitted to pin in arm; the upper end to be 24 in. thick, 
and to have a slotted hole 3 in. by 4in. ; diameter of rod at neck 
23 in., at centre 3 in. 

Collar.—Each section of reversing-shaft to be kept in place 
by a collar 2 in. thick, secured on shaft inside of cylinder leg by a 
set screw 1 in. in diameter. 

Pillow-blocks.—'The pillow-block for reversing gear to be of 
mixed Stirling and Salisbury iron; to have legs and sole-plates, 
2 ft. long, athwartship, with a span of 33 in., fore and aft; 
thickness of metal, 1 in.; flanges, 1}in. thick, and secured to 
the flanges or cylinders by three lathe-finished 1} in. diameter 
bolts in each, with finished nuts, 1 in. deep. 

Worm-screw —A brass composition worm-screw 
segment, finished all over, and having an arm cast on for con- 
necting with reversing shatt, will be supported upon the outboard 

illow-block, The segment to be 10 in. pitch diameter; to have 
a pitch of 1} in., and a face of 3 in.; to have a rim 1 in. thick, 
a web $ in. thick, and a hub 10 in. in diameter and 3# in. long, 
bored and fitted with a pin, having j 44 in. in diameter 
and 3 in. long. Pin to be 3in. in diameter in hub, and keyed 
fast. The arm of segment to be 8 in. thick, with a boss 6 in. in 








diameter and 3%in. thick, bored 3 in. diameter for pin; least 
section of metal at arm, 3 in. by 4} ia. 

Journal-boxes for segment to be of brass, 1 in. thick, and kept 
in place by finished wrought-iron caps, 2in. thick and 3 in. 
wide, secured each by two finished wrought-iron bolts, 12 in. in 
diameter, with finished nuts, 1} in. thick. 

Worm-screw.—Above the segment will be a finished wrought- 
iron shaft, 3 in. in diameter and 6 ft. 10}in. extreme length, 
having a worm-screw turned on it, with a pitch diameter of 
1} in., and a thread gin. deep. To havo journals 4 in. long on 
each side of screw, with collars, 6 in. in diameter, fitted for anti- 
friction steel balls, gin. in diameter. The inboard end of shaft 
to have a journal, 134in. long, and a collar, 6 in. in diameter, 
and in. thick. Shaft to be supported in brass boxes, 3 in. thick, 
and secured by finished cast-iron caps, with finished wrought- 
iron bolts, 14 in. diameter, with nuts, 1} in. deep. 

Hand-wheel.—Hand-wheel to be ot finished wrought iron, 
and keyed on end of shaft; to have eight finished spokes pinned 
into rim ; least diameter of spokes, gin. The rim to be solid, 
13 by 1 in., and is to be bored for spokes. Outside diameter of 
rim, 35in. Outside diameter of spokes, 46 in. 

Suspending-bar.—The centre suspending-bar to be of finished 
wrought iron, 7 ft. }in. long from centre to centre; each end to 
be forked, and to have bosses, 6 in. in diameter and 24 in. thick, 
bored 3 in. in diameter, fitted, and secured to arm and segment 
by finished wrought-iron pins of 3 in. diameter. 

Suspending-bar to be 3 iv. in diameter at the necks, and 8# in. 
diameter at the centre; to have a boss near the centre, 54 in. 
diameter and 3}in. thick, which will be bored 2 in. diameter, 
and fitted with a pin having journals, 14 in. diameter and 14 in. 
long, for connexion with counterbalance. 

Counterbalance.—Counterbalance to be between the cylinders ; 
to consist of a lever fitted with a pin, 3§ in. diameter, and having 
journals, 4 in. long, resting in brass boxes, which are secured to 
the centre brackets of cylinders. The lever to have an arm, 
20 in, long, forked at the ends, and connected to suspending-bar. 
The pin at connexion to have thimbles, 24 in. diameter, working 
in slotted holes of 3% in. length in lever. The long arm of the 
lever to be 4 ft. 6 in., and to have a weight of 1400 lb. at the 
end; weiglit to be a cast-iron shell, filled with lead. 

Engine Stop-valve.—T he chest of the engine stop-valve to be 
of mixed Stirling and Salisbury iron; it is to be bolted to out- 
board end of cylinder valve-chest, and fitted with a brass valve 
and stem. Valve opening, 14} in. diameter ; diameter of valve- 
stem, 14 in.; the valve is to work horizontally, and its stem is 
to have a square thread screw, Zin. pitch, working through a 
finished wrought-iron cross-head, supported from the cover of 
the chest by two finished wrought-iron standards, lin. in 
diameter, with finished wrought-iron nuts, 1 in. deep. Hand 
wheel to be of finished brass, 18 in. diameter. Bonnet to be of 
mixed Stirling and Salisbury iron, finished, with stuffing-box 
cast on, and provided with finished brass bush and follower. 

Stuffing-box for Stop-valve of after Engine.—Stop-valve for 
after engine to have a stuffing-box, 10 in. deep, cast on for slip 
joint of steam-pipe. Stufling-box to be bored, 16 in. diameter, 
and fitted with a brass follower. 

Nozzles for Stop-valve of forward Engine.—The stop-valve for 
the forward engine to have a nozzle cast on for connexion with 
steam-pipe between the valves, and one for connexion with 
throttle-valve chest. 

Throttle-valve.—The throttle-valve to be placed in a brass 
chest, faced, 9 in. long, and bored 164 in. diameter; it is to bea 
brass butterfly valve, having a finished wrought-iron stem, 
1} in. diameter. Stem to have a stuffing-box and gland of 
finished brass. The metal of the chest to be gin. thick, with 
flanges Jin. thick, and bolted to stop-valve of forward engine 
with ten finished wrought-iron bolts and nuts, 1 in. diameter. 
Throttle-valve to be connected by finished wrought-iron links, 
arm, and bell-crank, to the handle in the eugine-room. _ 

Steam-pipe between Engine Stop-valves.— The steam- pipe cone 
necting the two stop-valves at engines to be 13} in. inside 
diameter, and made of rolled copper } in. thick. One end to be 
fitted to the stuffing-box of stop-valve for after engine, and the 
other end to be secured to stop-valve for forward engine, by a 
brass collar flange, fin. thick, faced, riveted, caulked on both 
sides, and brazed to pipe; flange secured to stop-valve by ten 
— wrought-iron bolts, 1 in. diameter, with finished nuts, 
1 in. deep. . 

Channel-plate.—There is to be one cast-iron channel-plate in 
common for both engines; to be placed immediately opposite the 
cylinders, and bolted to the three crank-shaft pillow-blocks as 
before described; also, to the vessel by eight through bolts of 
the same dimensions and materials as the holding-down bolts of 
the cylinders and crank-shaft pillow-blocks. Extreme dimen- 
sions of channel-plate, 17 ft. 6 in. long, 7 ft. 3} in. wide over 
facing strips, and 5 ft. Gin. high. Least thickness of metal of 
casting 1}in. Flanges of casting for bolting to vessel to be 
faced and 2hin. thick. The channel-plate is to contain all in 
one casting, the iron barrels of the air and circulating pump 
the receiving and delivering valve chambers (two of each ‘or 
each pump); the channel way for the passage of the refrigera- 
ting water from the circulating pump to condenser; the vertical 
channel way for the passage of vapour and water of condensation 
from the condenser to the air-pump; the fresh-water reservoir, 
and the guides for main crossheads. 

Air-pump.—The 55 will be at the forward end of the 
channel-plate, and is to be horizontal and double-acting ; it 
have the same stroke of piston as the steam piston. Lhe cast- 
iron barrel of the pump to be 1} in. thick, and accurately bored 
to a diameter of 23 in. for the brass lining. Lining to be of 
brass, 4 in. thick, cast in one piece (not made in staves), and se- 
cured in barrel by shoulder and rivetting; to be smoo' 
bored to a diameter of 22 in. and a length of 52 in. 

Circulating Pump.—The circulating pump tobe at the after 
end of the channel-plate, and to be 181m. diameter. Otherwise 
it is to be fitted exactly the same as the o—. the 

Pistons of Air and Circulating Pumps.—The pistons of 
air and circulating pumps to be of brass, with finished brass 
follower secured by finished brass bults, 1} in. Gaas;* ef 
packed with lignum vite for a length of 10in. on the aoe 

iston, and also with hemp between the lignum vite poe | 

ollower. The lignum vits to be held by a small collar “t 
to piston. Face of piston to be 17 in. over all, thickness % 
metal of piston, 4 in, and well ribbed; of follower, 1} in. 
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head of piston, 2 in. Brass part of the piston to be kept ys in. 
= the a so that the bearing may be wholly on the 
Hignam vite. tnele ‘ 

Piston-rods of Air and Circulating Pumps.—The piston-rods 
for each pump to be of finished — iron, 3 in. diameter, and 
covered with brass of } in. finished thickness. Rod secured into 
piston with a collar, and with a brass nut having a closed end, 
and a thread 4 in. deep. The other end of the rod to be secured 
in arm of steam piston-rod by a collar 5in. diameter and 3 in. 
thick, and a finished wrought-iron nut 34 in. deep. 

Bonnets for the Air and Circulating Pumps. Stuffing-box.— 
The bonnets for the air and circulating pumps, at inboard end 
of pumps, to be of cast iron, with faced flanges 1{in., secured 
by fourteen finished wrought-iron standing-bolts, 1 in. diameter, 
with finished nuts. To have a stuffing-box cast on, finished 
and bored 9in. deep and 5 in. diameter. Outside of stuffing- 
box to have a square thread cut on for a screw-gland of finished 
brass, with finished brass follower and bush on inside; thread to 
be cut on inside to suit that on the outside of stuffing-box. 
Worm-teeth to be cut on the outside of gland, into which a 
finished wrought-iron worm is to gear with finished wrought-iron 
handle; the handle to be accessible for easily screwing up gland 
while the engines are in operation; worm to be supported on 
finished brass standards secured to pillow-block. Bonnets for 
outboard end of pumps to be the same as for the inboard end, 
but without stuffing-box. 

Receiving Valves of Air and Circulating Pumps. Seats. 
Guards.—Kach end of the air and circulating pumps will have 
six valves of pure Para gum, 1lin. diameter by 1 and 2in. 
thick, placed in chambers at the side of the pump; to seat on 
faced brass gratings, 13 in. deep, having a net opening of 56 
square inches to each valve; cross-bars of gratings to be 4 
and 3; in. thick, filed out true and smooth. Seats to be bolted 
every 6 in. with 1} in. diameter brass boltsand nuts. Valves to 
have brass guards with openings, to be faced on the seats and 
held by finished brass bolts, 1} in. least diameter, with brass 
nuts. There will also be a rectangular valve, in two parts, 

laced on the side of the chamber opposite the pump, and 
inclined towards it. Valves to be 174 by 14}in., and to seat on 
faced brass gratings 1 in. deep, having openings 1 in. by 12 in. 
with bars }in. thick. Net openings in each valve 82 square 
inches. 

Area of Opening.—Net opening in all the valves of each re- 
ceiving chamber 500 square inches. ; : 

Bonnets of Receiving Valve-chambers of Air and Circulating 
Pumps.—The bonnets of the receiving valve-chambers to be of 
cast iron, with faced flanges 12in. thick, planed and secured 
with eighteen finished wrought-iron standing-bolts, 1 in. 
diameter, with finished nuts. Lach bonnet to have finished eye- 
bolts of wrought iron. 

Delivering-valves of Air and Circulating Pumps.—The de- 
livering valves, for the air and circulating pumps, to be precisely 
the same as the receiving-valves, without the rectangular valves, 
and are to be placed in chambers on the outer ends of channel- 
plate, aud arranged on horizontal seats of brass, with gratings, 
1j in. deep, faced and bolted above the level of the top of the 
pump, and in the same manner as the receiving-valves. 

Guards.—Guards to be of brass, circular, and. with openings ; 
to be held to seat by a finished brass bolt, 1}in. least 
diameter, and brass nut. Openings in seats to be filed out true. 
sal opening through seats, at one end of pump, 336 square 

es. 


Delivering-valve Chambers of the Air and Circulating 
Pumps, and the Hollow Columns connecting them with the 
Condenser.—The delivering-valve chambers of the air and cir- 
culating pumps to be continued in inclined hollow columns 38 in. 
high above the top of the channel-plate, for connecting with the 
condenser. 

Chambers of Fresh-water Reservoir.—The chambers of the 
fresh-water reservoir to be 414 in. long, 32 in, wide at the bottom, 
and 113 in. wide at the top; to be in common with each other 
by an opening, 14 in. in diameter, in the partition between them ; 
and to have an opening, 14 in. in diameter, in the outboard end 

the reservoir safety-valve, and one 5} in. diameter for feed- 
pump valve. The column to have faced flanges on top, 1} in. 
thick by 5 in. and 6 in. wide, for bolting to condenser. 

Delivering-chambers of Circulating-pump.—The delivering- 
chambers of circulating-pump to be of the same dimensions as 
those of the fresh-water reservoir, with openings in the top of 
each, 11}in. by 154in., for channel-ways into condenser. To 
have a faced flange, 13 in. thick by 5in. wide, around openings, 
and around the top of column for bolting to the condenser. 

Bonnets for Delivering-chambers of Air and Circulating 

1ps-—Each chamber of each column, for both air and cir- 
culating pumps, to have an opening through the inclined side, 
364 in. long by 24in. wide, covered with bonnets of mixed 
Stirling and Salisbury iron, having faced flanges, 13 in. thick by 
84 in. wide, and secured by twenty-four standing-bolts of 1 in. 
@ameter, with finished nuts 1 in. deep. 

Vertical Hollow Column from Condenser to Air-pump.—The 
Vertical column, containing the channel-way from condenser to 
air- ump, to be of the same height as the columns at the ends 
of the annel-plate, the inside horizontal dimensions to be 
94 in. by 33 in. To have faced flanges, 1gin. thick by 44in. 
wide, for bolting to condenser. The centre of column to be 
36 in. from inboard side of channel-plate. The flanges of columns 
are all to be faced off in the same horizontal plane, 

Main Cross-head Guides.—The main cross-head guides to be 
cast on the channel-plate, and faced } in. above the top; to be 
_ wide by 624 in. long, with raised ledges 1% in. high at each 


Main Cross-head.—The main cross-head to consist of a finished 
Wrought-iron journal, 9in. diameter and 14 in. long, with suit- 
able arms at each end, having bosses, 9 in. diameter and 9 in. 
long, with eyes bored 4} and 4g in. diameter, for ends of piston- 
rods and counter-bored 6 in. diameter and 2} in. deep, for stoppers 
of nuts. . The —_ at each end of the journal to be 9 in, 
thick and 12 in. long, with lugs, 6 in. thick, projecting 4 in., and 
5 in. wide, for bolting to beidig>-ginees to which the brass sli 
or guide-gibs are attached. 

Bridge-pieces.—Bridge-pieces to be of mixed Stirling and Salis- 
bury cast iron; the face to be 20 in. long and 24 in, wide. Thick- 
ness of metal at face 2 in. To have legs, with flanges at each side, 
Spanning the journals, and forming a chamber for connecting- 





rod head; the flax to be 5in. wide by 2 in. thick, locked on 
the cross-head, and secured by four finished wrought-iron bolts, 
14 in. diameter, with finished wrought-iron nuts, 14 in. — at 
each end of bolts. Web of legs, 1} in. thick, and stiffened by 
- wide on a — lin. my 3 " a ote . 
uide-gibs.—Brass slides or guide-gibs to in. wide, 
27 in. long, and 17 in. thick; to & pas. vor} to bridge-pieces by 
lips 24 in. long at each end, one to be cast on and the other 
secured by three finished wrought-iron bolts, 1 in. diameter, 
tapped into brass. Gibs to be finished all over, and accurately 
fitted to ——— on the channel-plate and on the condenser, 
Piston-rods.—Two piston-rods for each engine. To be of the 
best quality fagoted wrought-iron scrap, polished, of 6in. 
diameter, and 15 ft. 2% in. extreme length. 
Yuts.—To have a brass collar nut, 84 in. diameter and 44 in. 
deep, let into the piston. The piston-rods at’ one end to be 
tapered in the piston-front 54 in. to 5% in. diameter, and secured 
to it by a brass collar nut 9 in. diameter and 5%in. deep, on a 
faced seat recessed to the bottom of follower. The other end 
of the rods to be turned 4} in. least diameter, slightly tapering, 
and drawfiled accurately into the eyes of the cross-head, and to 
have a steel feather to prevent turning. To be secured to cross- 
head by a collar 9 in. diameter, and a finished wrought-iron nut 
4in. deep, with a collar 6in. in diameter and 1} in. deep, re- 
cessed into cross-head for stoppers and secured by a finished 
steel bolt of 1 in. diameter. 
Arms for Working Air and Circulating Pumps.—An arm, 
203 in. long between centres, to be forged on the lower piston-rod 
of forward engine for working the air-pump; and a similar arm, 
18} in. long between centres, to be forged on the lower piston-rod 
of after engine for working the cireulating-pump. Section of 
metal of arms near piston-rods 15 in. by 4 in., least section 6 in. 
by 34 in. Each arm to have a boss 6 in. diameter and 7 in. 
long, with eyes bored 2Z in. and 2% in. diameter, for the ends of 
the air and circulating _ piston-rods. 
Arms for Working reed and Bilge Pumps.—On the upper 
iston-rods, arms, 21g in. long between centres, will be forged 
or working the feed and bilge pumps. Section of arms at 
—— 12 in. by 2}in., least section 3 in. by 2in. Arm to 

ave a boss 4in. in diameter and 4in. long, with eyes bored 
lfin. and 1jin. diameter for the ends of the feed and bilge 
pump piston-rods. All arms to be finished all over. 

Main Connecting-rod.—One main connecting-rod for each 
engine; to be of wrought iron, finished all over; to have T heads 
44 in. thick and 9}in. wide at cross-head end, and 43 in. thick 
and 12 in. wide at crank-pin end. The ends of head and cap at 
cross-head end to be made concentric with axis of bolts, of crank- 
pin end with the axis of rod. Diameter of rod at centre 8% in., 
at necks 7in. Length between centres 7 ft. 6 in. 

Brasses.—The cross-head end to be fitted with box brasses 
having sleeves din. thick cast in for cap bolts. Brasses to be 
1jin. thick at bottom, and to have 4in. finished thickness of 
shell; to be secured to head by a finished wrought-iron cap, 
4in. thick, and two finished wrought-iron bolts, 44 in. diameter, 
with heads 7 in. diameter, and nuts 4 in. deep, with collars 74 in. 
diameter by 1}in. deep, recessed into cap for stoppers and se- 
cured by a steel set-screw lin. diameter. Bolts to be body- 
bound in head brasses and cap. The inside brass to have a 
tongue 2 in, wide and fin. deep, cast on and fitted into a groove 
in head of rod. Brasses to have a filleted collar cast on each 
side and turned 15 in. and 12in. diameter, and fitted over head 
and cap; the remainder of the brass to be finished flush with 
the head and cap. The crank-pin brasses to be 2in. thick at 
bottom, with filleted collars at each side, turned 19}in. and 
16 in. diameter, otherwise fitted in the same manner as cross-head 
end. 

Fi yp and A es.—There will be one double-acting 
feed-pump for both engines, and it will have the same stroke 
as the steam-pistons. The barrel of pump to be of brass, bored 
7in. diameter and fin. thick. Piston to be of brass, with 
finished brass follower secured by a closed nut on the end of 
piston-rod, to be packed with lignum vite for 5 in. on the face of 

iston, and also with hemp between the lignum vite and follower. 
‘ace of piston 11 in. over all. Brass of the piston to be 
kept 3, in. from the pump-barrel, so that the bearing may be 
wholly on the lignum vite, 

Feed-pump Piston-rod. Cover and Stuffing-box.—The pump 
piston-rod to be of finished wrought iron, 2 in. diameter, covered 
with brass fin. finished thickness; rod secured into piston with 
collar, and with a brass collar nut having a cl end and a 
thread 3 in. deep. The other end of the rod secured into arm 
of upper forward cylinder piston-rod by a collar and a finished 
wrought-iron nut 1g in. deep, Cover of pump at inboard end to 
be of brass, with finished faced flanges ?in. thick, secured by 
six finished wrought-iron bolts j in. diameter. To havea finished 
stuffing-box cast on, bored 32 in. diameter and 9in. deep. Out- 
side of stuffing-box to have a square thread cut on for a screw- 
gland of finished brass, with finished brass follower and bush 
on inside; thread to be cut on inside to suit that on outside of 

ing-box. On outside of gland there are to be cut spur teeth, 
into which will be geared a finished brass wheel secured on a 
finished wrought-iron shaft 1 in. diameter, with handle of finished 
wrought iron leading to back of pump, in order to allow the 
gland to be easily screwed up from the passage-way when the 
engines are in operation. 

alve-chest, Valves, and Guards. Safe we. Air- 
chamber. Suction-pipe and Valve, Trycock.—The valve-chest 
to be of brass, jin. thick, with valve-seats cast in. All the 
valves to be . ~~. Para gum, 7 in. ae seat = 

tings lin. deep, having a net opening in eac ve of 214 
Seues laches bars of grating to be }in. thick; openings filed 
out true. Valves to have brass guards with openings, and to 
be held by finished brass bolts of din. least Samet. The 

p to have a balanced poppet sufety-valve 3 in. and 32 in. 
jiameter, with steel spiral spring of —_ section and 12 in. 
length, enclosed in a finished brass cylinder, held to chest by 
two finished wrought-iron stanchions #in. diameter; the 
chambers of the safety-valve cast in chest and arranged to 


ides | deliver into the receiving chamber of the same. There is to be 


an air-chamber made of copper 4 in. thick, to be 12 in. diameter 
and 18 in. high, and bolted to a nozzle cast on the delivering 
end of chest. Pump to draw from the fresh-water reservoir 
through a Stirling cast-iron pipe 4 in. inside diameter and § in, 
thick; pipe to connect witha brass valve 44 in. diameter open- 





ing into reservoir. Valve to be placed 14in. above the seat of 
the delivering-valves of the air-pump, and secured outside of 
reservoir. Valve-chest bonnets to be of brass, finished, with 
fin. flanges secured by finished bolts and nuts ?in. diameter; 

Its not to exceed 5 in. between centres. A finished brass try- 
cock, of gin. diameter, with pipe, to be placed on valve-chest 
between receiving and delivering valves. : 

Bilge-pump.—The bilge-pump to be precisely the same as 
the feed-pump, excepting the air-chamber nozzle, which will be 
placed nearer the cuhty valve in order to clear the air-chamber 
of feed-pump. Bilge-pump to deliver through a check-valve 
into the outward delivery-pipe. Check-valve to be placed on 
chamber of fresh-water safety-valve. 

Note.—The feed and bilge pumps to be made right and left 
to each other, placed side by side, and each, sec to channel- 
~~ by ten finished wrought-iron bolts and nuts lin. in 

jameter. 

Condenser.—There is to be one surface-condenser for the two 
engines, made according to Sewell’s patent. The shell to be 
cast of mixed Stirling and Salisbury iron, 1}in. thick, and 
strongly ribbed on top, bottom, and sides with ribs 4in. deep 
and 1} in, thick. Bottom of condenser to have ribs on the in- 
side, 1} in. thick and 4 in. deep, radiating from air-pump chan- 
nel-way. Ribs on top and sides to be not over 13} in. = 
Length of condenser, 18 ft.; width, 87 in.; height, 53§ in. e 
bottom of condenser at each end, and around channel-way to 
air-pump, to have chipping-strips faced, #in. thick, and corre- 
sponding otherwise with flanges on the columns of channel- 
plate. On the bottom of the condenser will also be cast the 
upper guides for the main cross-head, corresponding with the 
lower guides on the channel-plate. 

Tubes.—Condenser to contain 2800 seamless tubes of brass, 
No. 17 wire-gauge thick; to be well tinned on both sides. Ex- 
ternal diameter of tubes, in; exposed or condensing length, 
10 ft. }in.; extreme length, 10 ft. 32 in. 

Tubeplates. — Tubeplates, eight in number, to be of cast 
brass, and well tinned all over; to be 1% in. thick, 40g in, wide, 
and 24] in. long, planed on one side, and on the other side for 
the width of the bolting-flange, which is to be 1,%; in. thick, and 
secured to faced flanges of condenser, 3tin. Wide and 14 in. 
thick, by brass bolts, 14 in. diameter, placed not exceeding 54 in, 
from centre. At centre of plate a rib to be cast on its back § in. 
thick and 3in. deep. Tubeplates to be bored for each tube 
with a hole gin. diameter, counterbored, jin. diameter by jin. 
deep, and fitted with canvas-wrapped 1 tae The 
horizontal centre flanges for tubeplates to have each a rib 1} in. 
thick and 4 in. deep, fin. long, and brass follower-glands, 4 in. 
long; llower-gienie to be well tinned all over, and to fit, the 
tubes and fill the counter-bore. 

Follower-plates.—F ollower-plates, sixteen in number, two for 
each tubeplate, to be of cast brass, well tinned allover; to be 
fin. thick, 17in. wide, and 18%in. long; to be bored for each 
tube, 3fin. diameter, and counterhored, full § in. diameter and 
fin. deep, for ends of tubes. Followers secured by brass bolts 
and nuts, {in. diameter, placed not exceeding 5 in. between 
“epethag ghete— Then wil sho tenneh 

upporting-plates —There wi 0 be two brass supporting- 
anion well Lomed all over, and gin. thick, placed equidistant 
tween the tubeplates, and resting on the ribs at bottom of 
condenser; supporting-plates to be accurately drilled for the 


tubes to through. Between top and bottom nests of tubes 
three holes are to be made of 64 in. eter for the passage of 
vapour. 


Bonnets.—Each end of condenser to have two bonnets cast of 
mixed Stirling and Salisbury iron, to be finished on flanges, 
which are to t 34h in. wide, 1%in. thick, and faced on the out- 
side. Each bonnet to be secured with thirty finished wrought- 
iron standing-bolts and nuts of 1) in. diameter; bonnets to have 
two ribs each way, lin. thick and 4in. deep. Each bonnet to 
have finished eye-bolts of wrought iron. 

Salt-water Chambers.—The chambers at each end of con- 
denser, between tubeplates and bonnets, to have each a parti- 
tion, 1} in. thick, uniting the centre flanges; the partition be- 
tween chambers at forward end to have an el iptical opening in 
the upper part, of 12 and 17 in. diameters, for the e of 
the refrigerating water to outboard delivery-pipe. The cham- 
bers in after end of condenser to have an opening in the bottom 
of each of 114 by 15}in., corresponding with openings in the 
columns of channel-plate, for the passage of the refrigerating 
water. 

Nozzle for outboard Delivery-pipe—An opening, 15 in. 
diameter, will be made in he cae part o ~ way ode 
chamber at forward end, for the outboard delivery-pipe; the 
opening to have a facing strip, }in. thick by 3} in. wide, around 
it, to which will be bolted the valve-chest for the fresh-water 
safety-valve. 

Nozzles for receiving the exhaust Steam.—On the inboard 
side of condenser will be cast two exhaust nozzles, with open- 
ings, 19% in. diameter, and faced flanges, 8 in. wide; nozzles to 
communicate with inside of condenser by openings through the 
shell of 7 in. wide by 57% in. long, between the upper onl lower 
sets of tubes. A channel-way 32 by 24in. in cross section to 
be rng on outside of shell, connecting the two exhaust 
nozzles. 

Complemental Feed.—For supplying the feed-pump, in the 
event of a deficiency of fresh water, there is to be a brass elbow- 
pipe, of 44 in. inside diameter, connecting the inboard salt-water 
chamber at forward end of condenser with inboard fresh-water 
chamber of channel-plate. The end of the pipe connecting with 
the condenser to be fitted with a finished brass screw-valve, 

ide, stem, stuffing-box, and hand-wheel. Valve-opening to 

4 - in diameter, and to open yo ae. Thickness of 
metal of pipe, } in. ; , Fin. thick, faced, secured each b 
four finished wrought-iron bolts, $in. diameter, d 

Distribution of Water and Steam.—The refrigerating water 
to be inside the tubes, and the exhaust steam around them. 
The Ye — — os = end athe condenser, and 

irect throug tubes into the outboard delivery-pi 
Pears Test.—The tubes to be made tight in ther, Leos, 
and the plates to be made tight in their joints, under a hydro- 
static pressure of 25 lb. per square inch, applied after the con- 
denser is in Ya 

Exhaust Pipes.—One exhaust Pipe 


for each engine, to connect 
with cylinder valye-chest, and wi 


nozzle on condenser; to be 
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of copper, ,*, in. thick, and 19} in. inside diameter; to be felted 
and covered with reeded black walnut, bound with finished brass 
hoo} At each end of pipe there is to be a brass flange, j in. 
thick, faced, and secured by twelve finished wrought-iron bolts 
and nuts of 1 in. diameter. Flanges to be rivetted on, caulked 
on both sides, and brazed. Flanges and pipe to be made abso- 
lately air-tight. 

Fresh-water Reservoir Safety-valve.—The chest of the fresh- 
water reservoir safety-valve to be of the same cast iron as the 
condenser, and 1 in. thick, fitted with a brass poppet-valve and 
seat. Valve to be of 15 in. diameter of opening, and accurately 
fitted to seat. The lower guide for valve to be cast in the seat; 
the upper one to be of cast iron, made in two parts, bushed with 
finished brass, bolted together, and secured to the top of chest by 
four lathe-finished brass bolts of 1 in. diameter. Chest to have 
nozzles of 15 in. inside diameter, with faced flanges, 34 in. wide 
and 1}in. thick, for bolting to condenser and to outboard deli- 
very-pipe, and secured each by ten finished wrought-iron bolts 
of ‘Lie. diameter. The bottom of chest will have a flange, 23 in, 
diameter and 1° in. thick, for bolting to standing-pipe. The 
chest to have an opening at the side, 16 in. diameter, and co- 
vered with a bonnet having faced flanges, 34 in. wide, secured 
by eleven finished wrought-iron bolts, 1 in. diameter. On the 
side opposite the cover will be a nozzle, 4in. diameter inside, 
with suitable flange for bolting the check-valve for ery 

Standing-pipe.-—The standing-pipe to be 14in. inside dia- 
meter, of the same cast iron as the condenser, and 1 in. thick, 
with elbow at bottom, and flange, 21 in. diameter and 1} in. 
thick, secured to fresh-water column of channel-plate by ten 
finished wrought-iron bolts, 1 in. in diameter. The upper end of 
pipe to be secured in like manner to the safety-valve. 

Outboard Delivery-pipe-—The outboard delivery-pipe to go 
from the fresh-water safety-valve to the outboard delivery-valve ; 
to be of copper, tin. thick and 15 in. inside diameter, brazed ; to 
have a brass flange, faced, i in. thick, rivetted on, caulked on both 
sides, brazed, und secured to safety-valve by finished wrought- 
iron bolts, 1 in. in diameter; the other end of pipe to be fitted 
into slip-joint of outboard delivery-valve. 

Outboard Delivery-valve.—The outboard delivery-valve to be 
of 17 in. inside diameter of opening; to be of brass, with brass 
seat, stem, and guides. Valve to work horizontally, to open as 
a check-valve by pressure, and to close on a gum face. Top of 
hole through side of vessel to be a wash at 14 ft. draught of 
water; to be arranged easily accessible from engine-room pas- 
sage, to open with facility by hand, and to have convenient pro- 
vision for securing it open. Shell to be lin. thick, of mixed 
Stirling and Salisbury cast iron, with stuffing-box cast on for 
end of outboard —_-r Stuffing-box bored 17} in. dia- 
méter and Qin. deep. Follower to be of brass, finished, with 
flange } in. thick, and secured by eight finished wrought-iron 
bolts j in. diameter. Flange of chest at side of vessel to be 
faced 1} in. thick by 5 in. wide, and bracketed to shell; to be 
held to side of vessel by sixteen copper bolts 1} in. diameter ; 
bolts secured on outside of vessel by a brass washer 1 in. thick 
and 5 in. wide, and of the same form as inside flange. On the 
bonnet for chest will be cast a stuffing-box for valve-stem, with 
finished brass bush and follower. Stem, 1}in. diameter; 


stuffing-box bored 5 in. deep and 3 in. diameter; follower lugs, 


tin, thick, and held by two finished wrought-iron bolts jin. 
diameter. Cover to be of cast iron, with faced flanges 13 in. 
thick secured to flanges of the same thickness ribbed to chest 
by fourteen finished wrought-iron bolts 14 in. diameter. 

Injection-valve-—The injection-valve to be placed directly 
pone the centre of channel-plate and just above the turn of 
the bilge of the vessel. The valve, its chamber and bonnet, and 
all appendages, to be of brass. Least thickness of metal of 
valve-chamber §in.; flanges to be faced j in. thick. Lower 
part of valve-chamber to have a flange jin. thick and 23 in. 
diameter for bolting to flange of lining of hole in vessel. Dia- 
meter of opening for valve 16in. To be a screw-valve having a 
gum face, which is to be thoroughly secured with brass bolts 
and nuts. 

Valve-stem.—Valve-stem to be finished 1} in. diameter 
exclusive of threads, to revolve independently of the valve, and 
to be secured to it with a brass nut and washer; diameter over 
thread 2} in. Stem to be fitted with a brass hand-wheel 16 in. 
diameter, finished all over. 

Valve-chamber Cover.—Cover of valve-chamber to have a 
nut cast on the inside and fitted with a thread corresponding 
with that of the valve-stem. The cover to also have a stuffing- 
box cast on the outside and bored 3 in. diameter and 5 in. deep, 
with loose ring at bottom. Stuffing-box to have a screw-gland 
with follower inside. Cover to have faced flanges jin. thick, 
secured by finished wrought-iron bolts 1 in. diameter. 

Nozales.—There is to be cast on the valve-chamber, in addi- 
tion to the nozzle for injection-pipe, a nozzle of 6 in. interior 
diameter of opening for a bilge injection-valve, and a nozzle of 
4 inches interior diameter for supplying donkey-pumps. 

Lining of Hole th Vesse!.—Lining for hole through the 
vessel to be of brass, 15 in. inside diameter, the lower end to be 
made bell-mouthed with a flange §inch thick and 2} in. wide. 
The a end to be Lin. thick, and to have a fine thread screw 
cut on for securing washer and flange; least thickness of metal 
of lining ,, in. A brass screw nut and washer to be fitted on 
the upper end. Washer 1} in. thick and 27 in. outside diameter. 
Nut 3 in, deep. A water-tight joint to be made between the 
washer and woodwork. A flange 23in. diameter will also be 
screwed on the upper end of lining, to which the injection-valve 
will be secured by finished wrought-iron bolts 1 in. diameter. 

Strainer.—There is to be a brass strainer outside the vessel, 
of fin. thick metal, dished 5in., and perforated with holes 
whose aggregate area is thrice that of the valve. Strainer to 
be secured to vessel with copper bolts lin. diameter every 
6 in. 

Bilge Injection-valve and Pipe.—There is to be, for a bilge 
injection-valve, a valve-chamber containing a screw check-valve 
of 6 in. diameter of opening, bolted to the proper nozzle on the 
main injection-valve chamber. The chamber, valve, cover, 
stuffing-box, and screw-gland to be of brass of precisely the same 
form and finish as described for main injection-valve, with the 
exception that the stem is to be separate from the valve so that 
the latter will seat independently of the former. Valve to rise 
and fall vertically, and to be guided both above and below. 





Least thickness of metal of chamber 3 in., flanges faced 3 in 
thick, and secured to main injection-valve with finished wrought- 
iron bolts 1 in. diameter. ge of cover gin. thick, faced; 
and secured by Zin. diameter finished wrought-iron bolts- 
Valve-stem 1} in. diameter with finished brass hand-wheel- 
ee bored 4} in. <- and 23 in. ee * 

Bilge Injection-pipe.—Bilge injection-pipe to copper, 
6 in. Deste daneeter tad tin. thick to ip cummed at om 
to injection-valve chamber by a brass flange, faced, ¢ in. thick, 
and secured with finished wrought-iron bolts #in. diameter. 
The other end to be carried to the lowest of the vessel’s 
bilge and inserted in a brass box of jin. thickness of metal, with 
hinged lid; box to be perforated with in. diameter holes of 
thrice the area of the pire in the aggregate, Pipe to be brazed ; 
flange riveted on, caulked on both sides, and brazed. 

ain Injection-pipe.—The main injection-pipe to be made of 
copper, 4 in. thick and 15 in. inside diameter. One end to be 
fitted to a slip-joint bolted to injection-valve; the other to have 
a brass flange, jin. thick, faced, and secured with ten finished 
wrought-iron bolts lin. diameter; flange to be riveted on, 
caulked on both sides, and brazed. 

Stuffing-box for Slipzoint.—Stuffing-box for slip-joint to be 
of brass, Sin. thick, bored 17}in. diameter and 9 in. deep; to 
have flanges jin. thick, secured to main injection-valve by 
finished wrought-iron bolts lin. diameter. Follower to be 
of brass with flange ¢ in. thick, held by ten finished wrought- 
iron bolts j > ry 

Supply-valve for Donkey-p umps.—On the proper nozzle, cast 
on the chasaber of main "Tbstineccie, thers i to be bolted a 
valve-chamber containing a screw-valve of 4 in. diameter of 
opening. Valve to have screw-gland for stuffing-box, and a 
finished handwheel. The chamber, valve, valve-stem, cover, 
stuffing-box, and gland to be of brass, all finished except 
the chamber. Least thickness of metal, 3in.; flanges, § in. 
thick, faced, and secured by 3 in. diameter finished wrought-iron 
bolts and nuts. 

Steam-pipes.—Steam-pipe connecting the stop-valves of the 
two main boilers on each side with each other to be 11 in. inside 
diameter; and the pipes connecting the stop-valves of the two 
after boilers with the stop-valves of the superheating boilers and 
with main steam-pipe to be 13$in. inside diameter. Main 
steam-pipe connecting with stop-valve on starboard superheating 
boiler, and with the throttle-valve chest at engines, to be 15 in. 
inside diameter. All the pipes to be made of copper 4 in. thick ; 
to have brass collar flanges, faced, j in. thick, riveted on, 
caulked on both sides, brazed, and secured with finished wroughtt 
iron bolts 1 in. in diameter, every 5 in. All steam-pipes, excep- 
in bunkers, to be well fitted, and cased with reeded black walnut 
bound with finished brass hoops, or cased with sheet brass. 
Pipes insides bunkers to be well felted, and cased with No. 10 
sheet iron. Pipes to be supported in hangers through the coal 
bunkers, and elsewhere when needed. 

hay | rege feed-pipes to be of Stirling cast-iron, 4 in. 
inside diameter, with metal gin. thick; and to have faced 
flanges 14 in. thick, secured by finished wrought-iron bolts j in. 
in diameter ; six bolts to each flange. Pipes to be arranged with 
suitable slip-joints, and secured from motion by clamps. To be 
single, until necessary to divide to the boilers on each side, and 
whether single or double to have the same diameter. To have 
oe nozzles for connexion with the donkey-pumps. All 
eed-pipes to be well felted, and covered with two thicknesses of 
No. 1 canvas, painted with three coats of black lead and oil. 

Blow-off Valve.—There is to be a screw blow-off valve, with 
an opeulng of 6} in. diameter, placed on the bottom of the ship 
at the forward end of the boilers. 

Pipe for lining Hole through Vessel.—Pipe through vessel to 
be of brass $ in. thick, turned on the outside, and fitted at the 
upper end with a screw for securing washer and flange. 

Vasher.—Washer to be of brass, faced on the lower side for 
joint; extreme diameter 15 in., least thickness of metal 1 in.; 
to be secured bya nut 3}in. deep. Flange for bolting to 
chamber to be jin., least thickness of metal; to have a screw 
3 in. deep, chased on the inside, and to be accurately fitted to 
the pipe, and caulked. 

Valve-chamber.—Chamber to be of brass, least thickness ; in. 
flanges ¢ in. thick. 

Valve-chamber Cover.—Cover to be of brass, with faced 
flanges jin. thick, and ;a finished stuffing-box and follower, to 
be secured by finished wrought-iron bolts é in. in diameter. 

Valve-stem and Hand-wheel.—Valve-stem to be finished 1 in. 
in diameter, and fitted with a finished brass hand-wheel. 

Nozzles.—Chamber to have two nozzles cast on, of 4§ in. dia- 
meter, with flanges faced 3 in. thick; also, a noagle of 8 in. in- 
side diameter, with flange faced i in. thick. 

Blow-off Pipes.—The blow-off pipes, from the main boilers, 
to be of Stirling cast iron, 4fin. interior diameter, except the 
branches leading to each main boiler, which are to be 4 in, in 
inside diameter and § in. thick, with faced flanges 1 in. thick, 
secured by six lathe-tinished wrought-iron bolts fin. in dia- 
meter. The blow-off pipes from su perbenting boilers to be of brass 
2 in. interior diameter and jin. thick, with faced flanges in’ 
thick, secured by four wrought-iron bolts $in. diameter. . 

Crank-shaft.—The crank-shaft to be of the best fagoted scrap 
a ge iron, with two pairs of cranks forged on, Extreme 
length of shaft, 21 ft. 4}in. To have three main journals, rolled 
and accurately finished to a diameter of 13 in. and 45 in. long. 
The two crank-pin journals to be 13 in. diameter and 21 in. 
long; to be rolled and accurately finished, with their axes pre- 
cisely parallel to the axis of the main journals. Cranks to be 
made oval, 34 in. extreme length, and 24 in. wide and 7 in. thick. 
Collars of cranks finished, 16 in. in diameter. Ends of shaft 
for eccentrics and counterbalance to be 13 in. diameter. Shaft 
to be finished all over. 

Line-shafting.—The screw propeller line shafting to be of the 
the best fagoted scrap wrought iron, turned 11 in. diameter, and 
to be in three sections. 

Forward Section.—The section next the crank-shaft to be 

ft. im. long: one end to be finished, 13 in. diameter by 
24 in. long, for disengaging coupling; the other end to have a 
coupling or head, forged on, 23 in, diameter and 4in. thick. 
Near the disengaging coupling there is to be a journal 11} in. 
— and 24 in. long, and a similar journal near the oppo- 
site end. 














Middle Section.—The next sectiontobe ft. in. long, with 
ae aA en ee and 4 in, thick 
Near the after end there are to be forged on the shaft fourteen 
finished collars for thrust bearing, each collar to be 14 in, thick 
and 2in. deep, making their outside diameter 15 in Spaces 
between collars 12 in. wide. 

After Section.—The third or after section tobe ft. in, 
long, with a coupling fo on the forward end 23 in. diameter 
and 4in, thick. The after end to be fitted for the screw pro- 

lier; to be tapered, finished, and slotted for key and feathers, 

‘or a length of in., commencing 3 in. inside the 
screw-propeller hub, the shaft to be smoothly turned and covered 
with a brass casing 4 in. thick, finished size; outside of casing 
to be polished. 

ing Journals.—The forward and middle sections 
to have each a journal 12in. long and 113 in. diameter for a 
spring bearing. 

Finish—All parts of shafts, except journals, to be tool- 
finished. The journals to be rolled. me 

Fastenings of Couplings.—The couplings forged on the ends 
of the different sections are to be united by six turned wrought- 
iron bolts, 2} in. diameter and body bound. Nuts finished. 
Each coupling to have a key 23 in. long, 24 in. wide, and 1} in. 
thick, locked in place by two of the bolts. One coupling of 
each pair to have a projection ? in. long filling a recess in the 
other. 

Thrust-bearing.—The pillow-block for thrust-bearing is to be 
of Stirling cast iron, planed on the bottom, and secured to the 
bottom plate with eight finished wrought-iron bolts and nuts 
24 in. diameter; to bored out and faced suitably for the 
brasses. In addition to the above bolts the block is to be secured 
with suitable keys at each end and sides. 

Brasses.—Brasses to be in halves, top and bottom, finished 
and well locked in block andcap. To be hollow, and fitted with 
brass pipes and cocks for the circulation of water. Least 
thickness of metal 1in.; thickness at collars 14in.; to have 
faced flanges projecting 2 in. 

Cap.—The cap to be of cast iron, bored out and suitably 
faced for brass; to be well locked into brass and block, and to 
be bolted to block with six finished wrought-iron bolts and nuts 
2in. diameter. Least thickness of cap, 3in.; of flange of ca 
4in. An oil reservoir to be cast on the capits whole length, and 
furnished with a neat hinged wrought-iron lid. In this reser- 
voir, and opposite every collar and every intervening space, there 
is to be screwed a brass tube of } in. diameter for a wick. 

Bottom-plate.—The bottom-plate to be of cast iron, least 
thickness 2} in. ; thickness under block, 23 in. Base 
to be well extended, made conformable to the timbers 
of the vessel, and thoroughly secured to them by lugs 
and keys and ten turned wrought-iron bolts and nuts of 
2} in. diameter. Bolts to be cased with brass ,3, in. thick, and 
fitted otherwise the same as the holding-down bolts for cylinders. 
Sockets to be cast on and suitably bored for wrought-iron braces 
of 24 in, diameter. Two braces forward and two aft, sloping to 
timbers and well bolted to them by flat ends having plugs 
forged on and let into timbers. Socket ends to be turned, screw 
cut on and secured by nuts 2}in. deep. No care or labour to 
be omitted to render the bottom-plate immovable on the timbers 
and the block immovable on the plate. 

Line-shaft Pillow-block.—There are to be two line-shaft 

illow-blocks of Stirling cast iron, with cast-iron caps and 
bottom-plates, and fitted with brasses for the lower of the 
journals. 

Bottom-plate.—Thickness of metal of bottom-plate 23 in., with 
lugs 24in. square for keying to timbers. Plate to be bolted to 
timbers with four brass-cased wrought-iron bolts, turned 3 in. 
diameter, fitted and secured in the same manner as the cylinder 
holding-down bolts; to be planed for receiving the block, and 
provided with suitable projections for keying it in. 

Block.—The block to be of cast iron, bolted to the bottom- 
plate with four turned wrought-iron bolts and nuts 24 in. dia- 
meter; also to the timbers by two bolts of the same diameter 
passing through the plate and secured by a large nut let into 
the wood; greatest length of bolts 4ft. Bottom and top of 
block guael; to be turned out and faced at ends for brass. 

Cap.—The cap to be of cast iron, accurately bored to the 
diameter of the journal, recessed and filled with tt’s metal 
in holes of 24in. square. Least thickness of metal of cap, 3 in. ; 
flanges faced and held by four turned wrought-iron bolts of 
2}in. diameter. On the top of the cap and along its whole 
length there is to be cast an oil reservoir with a neat hin 
wrought-iron lid. Reservoir to have six brass tubes of } in. 
meter screwed in for wicks. 

Brass.—The brass for the lower half of the journal only to be 
accurately bored and fitted to it with turned flanges 14 in. thick; 
least thickness of metal of brass, 1 in.; of bottom, 2 in. 

Spring-bearings for Line-shafting.—There are to be two ad- 
justable spring-bearings for the centres of the forward and mid- 
dle sections of the shaft. ‘To consist of a Stirling cast-iron base 
of the form of the frustum of a cone, secured to keelson by a 
faced flange on the bottom 14 in, square and 1jin. thick, held 
by four wrought-iron wood screws of 1}in. diameter and 12 in. 
length, with tool-finished heads. Diameter of top of frustum 
6}in.; to have a recess turned in it for a wrought-iron band 
ot 1} by Zin. section; band to be bored, turned, and shrunk on. 
Least thickness of metal at base, gin. Top of for a depth 
of 8 in. to have a female screw with square thread chased in, to 
receive a wrought-iron screw of 3 in. diameter over threads and 
10 in. length. A six-sided nut, 2 in. dem, to be forged on the 
upper = of screw and tool-finished. Above the nut there is 
to be forged on a cylinder, finished, 2} in. diameter and 3 in. 
long, to support the brass bearin piece, which is to be 14 in. long 
and accurately fitted to a rolled journal of the same length. 
Brass to extend over one-third of the circumference of the journ 
at the bottom ; to be 1 in. thick at bottom at the ends and 2}in. 
thick at centre, topes to 1} in. thick at top. Bottom of brass 
at centre to have a socket bored 22in. diameter by 3 in. deep, 
to receive the supporting cylinder. Top of base to be faced for 
the seat of a wrought-iron tool-finished six-sided jam nut 12 in. 


deep. : 
(To be continued.) 
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SPIEGELEISEN. 


To a practical steel-maker in Sheffield who buys his 
« spiegel” in Hull, or delivered into his own yard, as 
the case may be, nothing appears more clear and simple 
than the precise nature of this material. It is simply 
common pig-iron containing about 6 per cent. of man- 
ganese and 5 per cent. of combined carbon. Ifit con- 
tains more manganese, all the better, because the man- 

ese gives it the value for steel-making; and if it 
contains less than 6 per cent., well, then he will buy 
no more from the same source of supply, and there will 
be an end to further trouble and mvestigation. We 
find less clearness and simplicity, however, whenever 
we refer to any standard work on metallurgy for a 
definition of the nature of spiegeleisen. Some of the 
authorities hold that the presence of manganese is purely 
accidental, and that any iron containing 5 per cent. of 
combined carbon would present the characteristic 
large cleavage planes or crystalline surfaces which gave 
this metal its name, while other writers contend that 
the presence of manganese is essential, and that no 
spiegeleisen can exist without a certain percentage of 
manganese. In support of the former opinion it is 
urged that the percentage of manganese in different 
kinds of spiegeleisen is extremely variable, ranging 
between 34 per cent. and 112 per cent., while 
the percentage of combined carbon is almost sta- 
tionary at 5 per cent., and in defence of the latter view 
it is maintained that no sufficiently reliable analysis of 
characteristic spiegeleisen has yet been found to show 
the entire absence of manganese. 

The circumstances attending the manufacture of 
spiegeleisen, and the facts observed at the blast-furnace 
producing this material, seem to characterise the first 
opinion about its chemical composition as the opinion 
of the maker, while the latter view more closely coin- 
cides with the observations of the consumer. 

Spiegeleisen is made in comparatively few localities 
only, and it requires for its production certain distinct 
kinds of ore, containing both iron and manganese, and 
entirely free from sulphur and phosphorus. The only 
iron ores used at present to produce spiegeleisen are 
spathic ore, and the brown iron-stone formed from the 
same, and the franklinite of New Jersey, in America. 

The principal localities for spathic ore in Europe are 
the Erzberg, or “Ore Mountain,” in Styria, a moun- 
tain of the same name in Carinthia, and the Stahlberg, 
or “ Steel Mountain,” of Miisen, in Rhenish Prussia. 
Brown ore, formed by decomposition of spathic ore, 
exists in the mines belonging to the Georg’s Marien- 
hiitte, in Hanover, and in the vicinity of Schmalkalden, 
in Thuringia. Almost all the “ spiegel” imported to 
England is made in Rhenish Prussia, from the spathic 
ore of the Stahlberg. This ore is found as a hard, 
solid crystalline mass, forming a kind of large seam in 
the primary rock of the mountain; it is worked by 
several different —_— the principal of which is the 
Cologne-Miisen Company, which owns four-fifths of 
the total mine. The workings of this company are 
very extensive. The main working shalt is horizontal, 
being driven into the mountain from its side, and 
below the original workings, which were carried on in 
shafts and galleries commenced in the middle ages and 
worked ever since. The ore is brought to the mouth 
of the shaft in trucks running on rails, similar to those 
employed in coal mines. It is then broken in pieces 





of the size of a fist, and these are carefully assorted by 
hand, according to their contents of copper ore, or | 
pyrites, which, occurring in specks of considerable | 
size, are easily detected and picked out. This labour 
is amply repaid by the copper obtained from smelting 
the copper ore, and also by the improved quality of 
iron produced by the removal of copper. . Almost 
all the ore used’ for making spiegeleisen is calcined 
before smelting. This operation is performed in open 
kilns of a cylindrical shape, about 10 ft. diameter and 
16 ft. high. Alternate layers of raw ore and coke 
cinders, or charcoal refuse, are piled up within the 
kiln, and the whole fired from the bottom. From time 
to time the lowest layers of calcined ore are raked out, 
and fresh charges added at the top, which, in their 
turn, are calcined in the descent, the kiln being in 
Continuous action. There are several other kinds of 
kilns employed for the same purpose in Siegen. The 
calcined ore from the Siegen district is an important 
article of trade in Germany. It is brought by rail- 
ways, canals, and rivers to all parts of Westphalia, and 
particularly to the blast-furnaces in the Rube district, 
where it fetches a price of about 18s. per ton, and is 

ost indispensable for mixing with the inferior ores 
from Nassau and from the Ruhr district, in the pro- 
duction of the better qualities of pig iron. In ex- 
change, coke from the Ruhr is carried to Siegen, to be 





mixed with charcoal in the manufacture of splegeleisen, 


There are some two or three furnaces in the Siegen 
district which use pure charcoal in the smelting, but 
their production is very limited, and as the spiegel- 
eisen is run into broad slabs, which bear no mark, it 
is next to impossible to buy bondfide charcoal spiegel 
iron in the English market. These blast-furnaces appear 
to be more of an exhibition article, since it is obviously 
necessary for parties pretending to sell charcoal iron 
to have at least one furnace in blast wherein pure char- 
coal is employed. 

There is, indeed, no great difference in the value of 
charcoal spiegel and of coke spiegel iron for the purposes 
to which they are now principally employed, viz., in 
the Bessemer process, and the use of coke in Siegen is 
therefore in no way objectionable. It is difficult, how- 
ever, to produce spiegeleisen with pure coke, and 
hence the practice of mixing coke and charcoal. To 
obtain spiegeleisen from a suitable charge of ore, it is 
necessary to protract that part of the smelting process 
which is designated as carburisation, and which imme- 
diately precedes the fusion of the iron, This carburi- 
sation must take place at a temperature which is not 
sufficiently high to reduce silicon from the slag, since 
the presence of a considerable percentage of this ele- 
ment would drive the carbon out of its combination 
and change it into graphite. The iron, instead of 
being specular, would then become grey or mottled, 
according to the temperature in the furnace. If, on 
the other hand, the time for carburisation is too short, 
or the temperature too low, common white iron will be 

roduced, containing only a small percentage of com- 
Lined carbon and very little manganese, which latter 
requires a greater heat for reduction. The whole art 
in making spiegeleisen used to consist in making the 
ore capable of quick reduction by calcination, using 
burnt Se and only a small quantity of clay slate as 
flux, in order to reach the stage of carburisation as 
quickly as possible, applying cold blast and charcoal in 
order to keep down the temperature of the zone of 
fusion, and thereby protract the preceding stage to the 
utmost possibility. With recent improvements and the 
necessity for economy, the ironmasters of Siegen have 
learnt to make spiegeleisen with hot blast and coke, 
with utilisation of waste gases, and a high temperature 
in the zone of fusion. This is done principally by 
keeping out the silicon with an overdose of burnt lime, 
which also assists in preventing the sulphur from the 
coke from acting injuriously upon the iron. 

With all these precautions, however, it is not possible 
to produce spiegeleisen at all times and continuously in 
the same furnace. Fluctuations in the temperature 
and pressure of blast, and similar apparently very slight 
causes, will suddenly change the produce from spiegel- 
eisen into grey or mottled iron, if the heat is ex- 
cessive, or the slag too rich in silica; or the coke too 
much contaminated with sulphur or common white iron 
will be produced, if the temperature gets too low, or 
the burden too heavy. With the best managed blast- 
furnaces, intended specially for making spiegeleisen, 
only 70 to 80 per cent. of the total annual produce is 
iron of that class, the remainder being either grey or 
white, according to the side to which there is a greater 
liability of error with the particular furnace. Attempts 
have been made artificially to increase the percentage 
of manganese in some kinds of iron by adding man- 
ganesic ores to the charge of the furnace. They have 
not, however, proved successful as yet, so that the per- 
centage of manganese in the spiegeleisen may be said 
to be beyond the control of the ironmaster, so far as 
the production in the blast-furnace is concerned. The 
cost of production of coke spiegeleisen in the Siegen 
district is about 3/. 15s. per ton: the transport to Eng- 
land generally takes the course down the Rhine, and 
considerably enhances the price of this material. 








THE TIMES ON OUR NAVAL 
DEFENCES. 
To tue Epitor or ENGINEERING. 

Srr,—Although no one supposes the Zimes to be a 
competent and reliable authority upon engineering 
questions, yet in a matter so much under the control 
of popular opinion as the right construction of our 
ships of war the utterances of a popular journal—how- 
ever intrinsically worthless—constitute a force that is 
powerful either for good or evil, and one which should 
not be abandoned to the unrestrained action of rash 
and ignorant hands. The dissertations of the Zimes 
respecting our iron-clad navy have never been marked 
either by force of argument or by accuracy of fact ; 
but, on the contrary, have exhibited all that muta- 
bility of opinion which is the reflex of the popular| 
ignorance, and is the natural concomitant of a little | 
knowledge. But the suddenness and absurdity of its last | 


——— 


altogether, and in proposing the reinstatement of our 
old wooden ships in the post of honour, merely because 
an 8-inch plate has been pierced at Shoeburyness, has 
revolted even those minds in which a traditional fond- 
ness for antiquity has heretofore been most rampant, and 
has left engineers to wonder where the man, woman, 
or child can have been caught who has given expres- 
sion to this foolish paradox. Because an 8-inch plate 
was pierced at Shoeburyness, we are therefore to sub- 
stitute wood, which is much more easily pierced, and 
which has the additional merit of being easily set on fire ! 
Ordinary minds would conclude that, if an 8-inch plate 
was found to be penetrable by our existing guns, the 
right course would be to adopt a thicker one. The 
Kalamazoo class of monitors has sides of iron 14 inches 
thick, backed by 3 or 4 feet of oak; and it is plain 
that a shot which can just pierce an 8-inch plate will 
be resisted effectuall a plate of twice that thick- 
ness. ‘The analogy w sich the Times seeks to establish 
between the armour of men and the armour of ships— 
and which may render it necessary to discard the one 
on account of its weight as we have already found it 
necessary to discard the other—is quite illusory ; first, 
because we cannot cut down the protected area of men 
as we can that of ships, by the adoption of the monitor 
system of construction, whereby, without any increase 
of weight, we can greatly increase the thickness of 
the armour; and, second, because we cannot manufac- 
ture men, as we can ships, with any sustaining power 
we please, so as to carry any desired thickness of 
armour. Our perspicacity must have been very small 
indeed, if we did not foresee the certanty of 8-inch 
plates being pierced by shot. So, also, we may safely 
predict, will a 16-inch plate be pierced within the next 
ten years. But are we therefore to abandon the use 
of armour? Certainly not. We must only make it 
thicker; and this every competent engineer very well 
knows we can quite well do. The first indication to be 
fulfilled in the design of impenetrable iron clads is to 
reduce the protected area to a minimum, as is done 
in the monitors. We shall thus be enabled on any 
given displacement’ to get sufficient thickness of 
armour to resist penetration, or we shall not; and if 
the thickness of armour that can be carried is not suffi- 
cient, we must then enlarge the size of the vessel until 
the requisite displacement is got to float the thickness of 
armour we desire to introduce. If we want to employ 
side armour fio feet thick, we can do it on the monitor 
system of construction without resorting to any inor- 
dinate dimensions of vessel; and say what we may, to 
the monitor system we must come for vessels of 
every class. ‘This is a destiny which nothing can 
hinder ; and the sooner we recognise it and adjust our 
belligerent expedients so as to harmonise with the 
most advanced engineering science of the age, the 
better will it be for all parties concerned. 

There is one consideration in connexion with this 
question that I should wish to press on the attention 
of your readers, which is, that just in the proportion 
of the importance to the nation of the efficacy of our 
naval defences is the weight of the obligation devolving 
on the engineering community to contribute their last 
aid towards the realisation of that indispensable con- 
dition, ‘The right construction of a ship of war is an 
engineering problem from first to last, and who shall 
hope to succeed in its solution if engineers decline the 
task? Is it a thing to be delegated to the imperfect 
intelligence of smatterers and amateurs? Are writers 
in newspapers and voluble members of parliament to 
prescribe our policy in so vital an affair? Or should 
we not rather invoke the aid of the most eminent en- 
gineering skill which the present age can furnish ? 
Heretofore our naval administration has been too irre- 
solute. Its steps have been too weak and too late. 
Its right policy is now clear enough; and, instead of 
paltering with armour a /i¢t/e thicker and guns a Jittle 
more powerful than any we have now got, and which 
would be sure to be superseded probably before a new 
vessel could be built, the Admiralty should make a 
large step at once, and go for 18in. side armour and 
20 in. guns. That would be a step that would satisfy 
intelligent opinion as to the public necessities, and no- 
thing much short of it can or ought. 

am, &c., 
Joun Bourne. 








Banca Trx.—The annual production of tin in the island of 
Banca in the eight years ending 1865 was as follows: 1858, 
190,000 ingots; 1859, 180,000 ingots; 1860, 164,000 ingots ; 
1861, 172,000 ingots; 1862, 140,000 ingots; 1863, 190,000 





ingots; 1864, 160,000 ingots; and 1865, 138,000 ingots. The 
annual export from the Straits of Singapore and Brcang for 
Europe and America were as follows in the same period: 1858, 
60,000 ingots; 1859, 154,000 ingots; 1860, 150,000 ingots; 
1861, 144,000 ingots; 1862, 130,000 ingots; 1863, 102,000 


gyration in withdrawing its confidence from iron-clads | ingots; 1864, 144,000 ingots; and 1865, 200,000 ingots. 
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HEATING SURFACE. 


Tuere is an anomaly in the fact that a square foot 
of cooling surface will condense a cumnideniile greater 
weight of steam, in a given time, than a square foot of 
average heating surface will generate. It takes less 
surface to get the heat out of the steam than it took to 
get it in. The rapidity of condensation, where the 
heat has to traverse the substance of metal tubes, is 
astonishing. A great cylinder full of steam at a tem- 
perature often as.low as 175°, and seldom as high 
as 225°, is discharged, in a fraction of a second, 
into a surface condenser cooled by water at from 50 
to 80°, and is itself turned to water almost in the very 
instant of its escape. The index of the vacuum gauge 
remains unmoved and apparently immovable. The 
whole difference of temperature between the steam 
side and the water side of the tubes is but from 100 
to 150°, and yet with a rapid circulation of condensing 
water, and with clean surfaces, at least 214 lb. of steam 
are condensed per square foot per hour according to 
Peclet, while Dr. Joule’s experiments have shown a 
condensation of even 100 lb. of steam for the same 
units of surface and time, the quantity varying with 
that of the condensing water. We are not here con- 
sidering the mere rapidity with which steam will con- 
dense, but the rapidity with which heat is conducted 
through the ote of the condensing tubes. In the 
steam boiler we have a difference of temperature, be- 
tween the fire side and the water side of the plate, 
varying from (say) 2700° in the firebox to 300° or more 
near the smokebox, and yet the quantity of heat which 
can be got through the plates and tubes, without injury 
or great waste, is not perhaps one-half that which is 
transmitted by the same area of condensing: surface. 
There are differences, it is true, in the thicknesses of 
the plates and tubes respectively employed, and in the 
case of the boiler the iron may be more or less coated 
on one side with scale and on the other with soot. 
But so, too, the condenser tubes may be more or less 
furred with the greasy deposit which comes over from 
the cylinder. And we are not to forget that the 
currents of steam are much more subdivided in the 
condenser than are 
the furnace and boiler-tubes. 

We have, of course, to bear in mind that the heat 
to be transmitted through the tubes of the condenser 
is not equal in amount to that generated in the furnace 
of the boiler. A portion of the heat is lost by radia- 
tion, and a further portion is transformed into work ; 
yet so low, comparatively speaking, is the thermo- 
dynamic eflicieney of the best steam engine, that by very 
far the larger proportion of all the heat generated in 
the furnace passes through the engine without being 
turned to account in work, and is thrown into the air, 
or into the sea, from the condenser. After making 
every allowance, we shall find that, when we take into 
account the respective differences of temperature’ 
upon the two sides of the heating and cooling plates 
and tubes, the efliciency of the cooling surface greatly 
exceeds that of the heating surface. When we say 
cooling surface, we are aware that even this is really 
heating surface; in other words, the waste steam 
heats the water of condensation, and we may, there- 
fore, state the case thus, that the conditions of con- 
densation are apparently more favourable than those 
of evaporation to the rapid transmission of heat 
through the substance of metal plates and tubes. 

But the difference cannot, we think, be due to any 
difficulty in the reception of heat by water, since we 
know that the temperature of the furnace plate never 
rises sensibly above that of the water, and water may 
even be boiled, for a short time at least, in a paper 
tray, without burning the paper. If there were any 
diticulty in the disposal of the heat as fast as it came 
through the plate, the plate would itself be over- 
heated, just as if we coated it on the water side with 
fire-clay. It is remarkable, indeed, how well, not only 
the plate, but often a considerable thickness of boiler 
scale at the back of it, transmits heat to the water. 
When we consider this, it appears doubtful whether 
any gain would accrue from a repid artificial circula- 
tion of the water over the plate, as has been ocea- 
sionally proposed, especially when we bear in mind 
that, with the exception of the entering feed water, 
the liquid contents of the boiler are of the same 
temperature throughout, and that one particle of 
water at (say) 300° would form no better recipient of 
heat than another of the same temperature brought 
from another part of the boiler. 

The inferiority in the heat-transmitting efficiency of 


boiler tubes as compared with surface-condenser tubes, | 


appears to arise rather from the difference in the re- 
spective conditions under which the heat is presented 
to the metal. In the case of steam in the condenser, 


the currents of heated gases in | 


each particle may be said to collapse, on condensing, 
into perhaps but the g¢yoth or sdyoth part of its 
volume a moment ‘before, supposing, of course, the 
steam to have expanded below the atmosphere. This 
leaves a void into which a fresh particle is shot, with 
almost inconceivable rapidity (about 1500 ft. per 
second), by the expansion of the remaining steam. 
The successive particles of steam thus arrive in turn, 
and with almost lightning-like quickness, upon the con- 
densing surfaces. In the case of the heated air and 
gases in the firebox, however, they are in rapid flight 
| from the fuel to and through the tubes. How far their 
| heat is given off by radiation, and how far by convec- 
| tion, we have no means of knowing; but, in respect of 
|eonvection, they cannot arrive successively upon the 
heating surface with anything like the quickness of 
steam in condensing. Even were a particle of hot gas 
ito be at once cooled from 3000° down to 600°, it 
| would be diminished to about one-sixth of its original 
| volume, instead of synth or so, as in the case of steam, 
|and other particles could not fully take its place until 
| it had fallen by gravity, and against the resistance of a 
| strong upward and onward draught, from its contact 
| with the heating surface. We are not prepared to 
| maintain that any system of mechanical agitation of the 
| heated gases in the furnace would be practicable, and 
none, of course, could be permitted to interfere with 
the necessary rapidity of the draught. For every hun- 
|dredweight of coal fully burnt upwards of 12,000 
cubic feet of cold air are requisite, and this combined 

vith the gases from the fuel, and expanded at a tem- 





| perature of 2500° or 3000°, would form a volume of 


from 60,000 to 75,000 cubic feet, the velocity of 
which can be measured from the openings through 


{ . . . . . 
which it has to pass. In mentioning these very high 


temperatures we are bound to say that they are infer- 
| ential, and have not been measured by a pyrometer ; 


but even if we take 1500°, the speed of the gaseous 
current through the furnace must be very great, and 
so must be the corresponding difficulty in the way of 
this current giving up its heat at once by convection. 

| We may conclude, therefore, that the conditions 
under which, the gases in boiler furnaces arrive at and 
give off their heat to the plates are mechanically dis- 
advantageous, and that for this {reason boiler plates 
and tubes transmit considerably less heat than they are 
| really capable of doing. Without attempting to suggest 
the means, we may observe that could the hot gases 
{be more rapidly brought into contact, particle by 
| particle, with the heatmg surfaces, a less extent of 
| heating surface would in all probability be required 
| for a given rate of economical evaporation. A less ex- 
tent of heating surface implies a boiler of less first 
cost and weight, and thus means for bringing each 
particle of the furnace gases more quickly to the heat- 
ing surfaces than at present would be commercially 
| valuable. 


SEWAGE IRRIGATION. 

However unattractive the question of the proper 
| disposal of town sewage may be, it is already one of 
| the most important in the whole range of professional 
jinquiry. The passage, last session, of the Thames 
Conservancy Bill, whereby, at the end of two years, 
| the sewage of all the towns in the Thames valley will 
| be excluded from the river, together with the certainty 
that a Bill will yet be carried which will extend the 

provisions of this Act to the tributaries of the river, 





stock of his own, and who has sold large quantities of 
grass to cowkeepers, finds that not one case of rinder- 

est has occurred among cattle fed upon his grass, 
Mir. Marriage, the tenant of the larger irrigated farm 
at Beddington, has lost seven beasts from rinderpest ; 
but it appears on inquiry that he employed a number 
of carts, on hire, to bring dead meat, from whatever 
sources, into London, and that he brought back grains 
for his own cattle in the same carts. That he should 
have lost seven head under these circumstances is no 
matter for wonder, for he thus invited, and beyond 
question introduced, unsuspectingly, the plague direct 
from town. As to Laimahel grass, it is a fact that cows 
turned upon a field where they can get at both sewaged 
and unsewaged feed instinctively seek out and keep to 
the former, and it has been fully ascertained at Croydon 
that their milk is equally fit with any for feeding to 
young children. 

The grass from irrigated fields is best fed to dairy 
stock, but if, as has been the case during the last year, 
the dairies have been decimated by pestilence, and there 
is no near market for it, it can only be made into hay. 
For hay-making, sewaged grass must be quickly got 
off the ground and made in fine weather. If it is not 
well weathered, it will, when stacked, heat and take 
fire; and this has happened at Croydon, not because 
of any especial difficulty with sewaged grass further 
than arises from the greater quantity of water con- 
tained it, requiring more than ordinary time to dry it 
out. In seeking for difficulties and disappointments, 
these can always be found, and the mistake lies in 
taking these as the ordinary and necessary attendants 
upon a system of which the principle is unquestionably 
correct. The trick of catching upon temporary or 
minor disadvantages in order to overthrow a broad 
principle is as old as human history, and, whatever its 
temporary success, it infallibly breaks down in the end, 
The broad results of experience at Croydon—and these 
results have been laid open freely to the whole world 
—are unquestionably conclusive in favour of sewage 
irrigation. 

The point which has been especially kept in view at 
Croydon is so to distribute the sewage, that the water 
shall finally run off pure, fit almost for drinking, or at 
any rate unobjectionable to the sight, taste, and smell. 
Where regulated quantities are applied to grass mea- 
dows this can always be efiected, and the nuisance 
which has arisen at places like the meadows near 
Edinburgh have been caused by the unrestricted wash 
of the strongest sewage over a comparatively small 
tract, the sewage being allowed there to run to waste 
in open channels instead of being turned over every 
portion of the grass fields. So perfect is its applica- 
tion now at Croydon, that no trace of smell, unless it 
be in close or rainy weather, when the soil cannot 
absorb it, is perceptible. 








Frencu BreEcH-LOADERS.—The Etendard says that the 
new Chassepot needle-gun has already been served out to the 

ittalion of Chausseurs of the Garde Impériale quartered at 
Vincennes. The following account of this weapon is from an 
able paper on breech-loaders published by M. Xavier Raymond 
in a late number of the Revue des Deux Mondes :—“ As regards 
the rapidity of fire, which appears now-a-days to be the princi- 
pal desideratum, a man with a lot of loose cartridges beside him 
can fire the Chassepot musket 12 times in one minute ; but that 
rate the most skilful and robust soldier cannot keep up beyond 
about 30 rounds ; past that the fire perceptibly slackens. ‘The same 
thing occurs with the Prussian needle gun after the 25th round. 
Che cause is purely physical—i.e., the fatigue of the man, whose 
left arm has often to support unaided the whole weight of the 
weapon. If, instead of having loose cartridges by the soldier's side, 


| 
| and ultimately to all the rivers of the kingdom, renders | he has to take them out of his pouch, the rate of firing declines to 


it a matter of real importance that the whole question 
| be thoroughly examined, and correct conclusions drawn. 
| We gave, last week, a brief account of the sewage irri- 
| gation farms near Croydon, but we could not, had we 
| sought to do so, have conveyed an idea of the opposi- 
| tion against which the engineer of the Croydon local 
|board of health has had to contend. Every st: 

ment that could be made against the principle and re- 


| 
| 
| 


sults of sewage irrigation has, we think, been made in | 


this case. Reports from gentlemen whose opinions 


upon such questions would ordinarily be considered of 


and the worst predictions as to pestilence have been 


very freely indulged in. We have ourselves read, in 


this connexion, public statements as to pretended | 


matters of fact which we knew to be wholly fallacious. 
We have read that cattle fed upon sewaged grass have 
more readily than others taken the rinderpest, and that 
hay made from grass irrigated with sewage had putre- 
fied and taken fire. \ i 
gathered from our own inquiries, to show that sewage 


= weight have been made against the practice, 
| 


given the most satisfactory results. In the case of the 





| six rounds per minute; but it averages seven or eight rounds 


per minute if the man is allowed to take his cartridges from the 
right-hand pocket of his trousers. The accuracy of the weapon 
has been ascertained by making the men fire at targets two 
metres high by two in breadth at a range of 500 metres, using @ 
rest for the rife. At that range a great many men, firing 100 
rounds, lodged 100 bullets in the target. “he point-blank 
range of the, Chassepot musket is fixed at 500 metres, the ex- 
treme range exceeds 1000 metres, and the weapon requires no 
cleaning before 250 rounds have been fired ; 1000 and 1200 shots 
have been fired with the same musket without its sustaining any 
damage. ‘The Chassepot musket may, therefore, sustain very 
advantageously a competition with the needle gun. Its supe- 
riority arises chiefly from the more perfect closing of the breech, 
which is complete, while it is very defective in the zundnadelge- 
wehr. Allthe gases developed by the ignition of the charge are 
utilized to propel the bullet, which adds to its range and pene- 
trating power, while the perfect combustion of the powder 
naturally obviates the necessity of frequent cleaning, which the 
Prussian weapon cannot do without.” 


Wetping Cast Iron AND STEEL.—The following is the 


| mode practised for putting steel faces on cast-iron anvils, or, 


We have, however, evidence, | 


irrigation, so far from being attended with harm, has | 


grass from the highly sewaged farm at South Norwood, | hundred pounds of melted metal to make a two 
the tenant, Mr. Cousins, who has a considerable dairy | anvil. 


rather, putting the anvils on the faces, The plate of steel is 
highly polished and placed in the bottom of the mould, an 
dusted with fused borax. The hot cast iron is then poured into 
the mould, which is so “ gated” as to eause it to pass over the 
plate and out at the other end, until the face is fused, when the 
escape is closed, and the mould filled. It takes about three 
hundred pound 
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GRAIN ELEVATORS. 


Tne American grain elevators, so largely employed 
at the shipping ports on Lakes Erie and Michigan, 
date from about 1843, when Mr. Joseph Dart, of 
Buffalo, erected one there of a storage capacity of 
55,000 bushels, and capable of raising from vessels 
about 600 bushels an hour. At the present time there 
are twenty-four elevators at Buffalo, of an average 
storage capacity of 250,000 bushels, or nearly 7000 
tons, each. The larger elevators will store upwards 
of half a million bushels, and two at Chicago hold re- 
spectively 700,000 and 1,250,000 bushels, the latter 
quantity representing 33,500 tons of dead weight. 
Upwards of sixty million bushels of grain now arrive 
yearly at Buffalo, and the elevators are capable of 
storing, in all, about one-tenth of that quantity, and 
of raising 2,350,000 bushels, or 62,000 tons, daily. 

The elevators are buildings upon heavy pile and 
masonry foundations, some of them covering a rect- 
angle of 200 ft. by 100 ft., and are of a total height of 
nearly 100 ft. ‘The interior is divided into from forty 
to one hundred bins, each about 50 ft. high and 10 ft. 
square, the bottoms of the bins being raised 16 ft. or 
more above the ground level, so as to discharge, if re- 

quired, into railway wagons or carts. The elevator is 
commonly built within from 15 ft. to 30 ft. from the 
face of a dock wall, and the grain is raised from vessels 
by an adjustible Jacob’s ladder, known as the ‘“ marine 
leg,” which carries up the grain to a weighing hopper, 
whence it descends again throngh spouts to one, two, 
or more Jacob’s ladders, known as “house legs,” 
which take it to the top of the building, where a 
system of spouts conduct it to the several bins. 

At Buffalo, near the lake and docks, the foundations 
can only be made in mud and sand. Piles are driven, 
therefore, as close as they will go, and cut off at least 
six inches below the lowest water; upon the heads of 
the piles, carefully levelled, is spiked a course of heavy 
oak planking, upon which ashlar masonry is laid. The 
outer walls are carried up about 16 ft., and above this 
the bins themselves form the walls. The bins are 
formed by the intersections of planks laid flatwise, one 
upon the other, to the full height. These planks vary 
from 6 in, to 9 in. in width, and are 2in. thick, the in- 
tersections being securely spiked together. The planks 
extend along the sides of two, three, and sometimes 
four bins, and are laid so as to break joint. ‘The sides 
of the bins are lined with deals, and the outer sides of 
the rectangle forming the whole series of bins (these 
sides being, in fact, the outer walls of the building) are 
made of extra strength, and are cased sometimes with 
galvanised iron and occasionally with brickwork. All 
the elevating machinery above the bins rests directly 
upon them, no other support being provided. The 
bins are supported upon heavy parallel girders extend- 
Ing across the building from wall to wall, and under 
the corners of the bins—these corners being 10 ft. 
apart each way—the girders are supported upon piers 
of squared oak, resting in turn upon masonry piers 
carried upon the heads of a cluster of piles driven into 
the ground below. Each pier of oak posts is formed 
of three sticks, from 12in. to 16in. square, one placed 
vertically, the others inclined outwards, as they rise, to 
act as struts, an abutting stick, or “straining beam,” 
as the American engineers eall it, being placed between 
the upper ends of the struts of two opposite piers to 
take the thrust. The bottoms of the bins themselves 
are formed of joists, spanning the parallel girders, with 
deal flooring over, the flooring being hopper-shaped, 
or inclined, in two directions, to give increased facility 
for emptying. 

The following description has been published of the 
Sternberg elevator at Buffalo : 

“This building is provided with fifty-six bins, 40 ft. high, re- 
presenting a storage capacity of 350,000 bushels of grain. The 
oundations for the outer wall consist of three hundred and sixty 
pies, driven three abreast, the minimum diameter of piles at top 

ing 12in. The forty-two piers or sets of posts, under the 
corners of the bins, are supported, each, upon nine piles. The 
outside walls are started on the piles 4 ft. wide, and in courses 
of 2ft. thick. These walls are stepped off to a width of 2 ft. 
Gin. in a height of 6 ft. ‘The wall is carried up of that width to 

bottom of the bins, an elevation of 14ft. This wall is 

\ ashlar, laid in courses 2 ft. 4in. in thickness, every 
third stone being a header. The forty-two piers are built of 
large single stones resting upon the piles, the lowest stones being 
4 it. square and 2 ft. thick. These stones diminish in size in a 

height of 6ft., to the capping stone, 12 in. thick, and 2} ft. by 
3ft. The heavy timbers that immediately support the bins are 

a upon, and bear against, the capping stones. The above- 
described lower story is pierced by five heb and seven windows, 
the shutters for which are of wrought iron. The bins are 40 ft. 
high and 10ft. square, built of 2in. plank laid flatwise, and 
Start from the coping of the outer ay and the cross girders 
Supported by the posts on each pier. ‘Ihe planking composing 
the outside walls is 9 in. wide halfway up, and Sin, the otlier 
S are formed of plank, 7 in. wide 
6 in. one-third, and 5in. the other third. All the 


The divisi J 
cnrthind te age of the bins 


planking is nailed together with spikes reaching through two 
thicknesses and lin. into the third. At all intersections or 
crossing of corners, there are three spikes driven as additional 
security. All outside corners are clamped by means of iron 
straps, 4in. by }in., hooked down at the ends and securely 
spiked. These clamps are put at every 18 in. for one-half the 
height of the bins. For convenience of getting down into the 
bins, each bin has a ladder in one corner of round iron. The 
bottoms of the bins are hopper-shaped in two directions, and are 
supported upon joists 7in. apart, except the two nearest the 
centre, which are 12 in. apart, to allow sufficient room for the 
discharge spout with its slide to regulate the flow of the grain, 
The flooring forming the bottoms of the bins is made in two 
courses of inch deals, On the top of the bins a main spout is 
laid, passing entirely through the centre of the building, from 
which smaller ones diverge, so as to reach the several bins. The 
steam-engine is located in a small fireproof building alongside 
the elevator warehouse, the brick chimney being carried up 
beyond the highest point of the building. One bin space is left 
vacant in order to permit the main driving belt to be taken up to 
the band wheel situated on top of the bins. From this point the 
power is transmitted to the belts working the inside or ‘ house 
leg,’ and also the outside or ‘marine leg.’ The whole building 
is made fireproof on the exterior by means of a covering of cor- 
rugated iron. This warehouse has three sets of elevator legs— 
one to elevate from vessels, one to distribute, and one to dis- 
charge.” 

In addition to the elevating, distributing, and dis- 
charging machinery, the elevators have cleaning and 
drying machinery for green, wet, or damaged grain. 
The cleaner is a large wooden cylinder high above the 
tops of the bins, and nearly in the centre when the 
bins are viewed from above. The grain, raised to the 
top of the cleaner by the “ house leg,” falls through. a 
hopper upon the apex of a cone, which regulates the 
discharge of grain upon two inclined surfaces sloping 
one to each side. As the grain flows down these sur- 
faces into spouts leading to the bins, it is met by the 
blast of two powerful fans, one on each side, which 
separate all the dust and chaff, and send it off through 
side openings above. 

The dryers and coolers are placed in separate build- 
ings near the elevators, and into which the grain is 
carried by Jacob’s ladders. The dryer is a lofty fire- 
proof chamber, intersected by a great number of in- 
verted sheet-iron troughs, laid in parallel rows one 
over the other to the height of the chamber. In 
section these inverted troughs are triangular, their 
sides are perforated, and one end of each is closed. 
The grain is shot down among them, and each trough 
brings in at one end a current of hot air, which can escape 
only through the grain itself, the operation being as- 
sisted by ventilating fans.- ‘The grain is afterwards 
cooled in a chamber of the same construction, but 
supplied with a blast of cold air. One of these dryers 
has 16,000 square feet of heating surface, and will dry 
and cool 4000 bushels per hour of wet grain, or 2000 
bushels of new grain. In 1864, the price charged for 
drying and cooling new corn was 2d. per bushel, and 
for wet corn $d. ‘hese prices were considered very 
profitable. The price for elevating grain ix transitu 
through Buffalo was at the same time 3d. per bushel 
and 3d. per bushel for storage, if the grain remained 
in the elevator more than five days. 





Gun Paprer.—A novel invention has recently been brought 
under the notice of the War Departments of several countries. 
It consists in the preparation of paper in a similar manner to 
that by which gun cotton is made, viz., treating the fibre with 
nitric acid. The paper prepared in this manner is made into 
long narrow strips, which are afterwards tightly coiled together, 
forming a compact solid roll or cylinder, which is covered 
on the outside with a film of collodion or other similar 
substance to protect it and ee it from uneoiling. A 
percussion cap being imbedded into one end and the bullet 
fastened to the other, the cartridge is in itself complete and 
suitable for needle or other breach-loading guns, or the whole 
may be inclosed in a copper shell or in the shell covering the 
Boxer cartridge. ‘The gun paper has, of course, the same quali- 
ties and, therefore, the same advantages and disadvantages 
as gun cotton. It ignites with extreme rapidity, and there- 
fore endangers the safety of the gun, causes a considerable re- 
coil, and expends a less proportion of its total explosive force 
upon the projectile. Against this, it is very compact and con- 
venient of transport, and leaves no solid residue after combus- 
tion. The extreme rapidity of combustion is expected to be 
somewhat reduced by preparing the strips of gun paper with 
collodion and silicate of soda, which substances separate the 
different layers of paper in the coil, and thereby have a similar 
effect to Baron Lenk’s method of treating gun-cotton by spin- 
ning it into threads of suitable thickness and passing these 
through a solution of silicate of potash or soda. It 
is supposed that gun paper would be less liable to sponta- 
neous combustion than gun cotton, on account of the greater 
facility of drying it properly and conducting its complete and 
uniform conversion Foe. sll the mass. This, however, will 
have to be proved by experience. 

Sunpay Trarxs.—At the last meeting of the Glasgow and 
South-Western shareholders, Dr. Cowan brought forward the 
question of running trains on Sundays, but after some discussion 
it was stated they were compelled to run mail trains, but they 
might or might nct carry passengers. An action had been 
raised to compel them to carry passengers, and if decided 
against them they would have to carry passengers as well as the 
mails. 








We fear that Sunday travellers have a poor chance. 


STEAM-SHIP VENTILATION. 


In a recent number we briefly noticed the patent of J. G. Wood- 
ward, of St. John, New Brunswick, for ventilating steam vessels 
by surrounding the boilers and chimney with air spaces, through 
which a natural draught is maintained by the ascent of heated 
air, The plan struck us as old, and, at any rate, of doubtful 
advantage. Steam boilers should be protected as far as possible 
from radiation, whereas the plan under notice is best carried out 
by permitting the ready heating and escape of the air around 
the boiler. But it appears that Mr. Woodward's plan has been 
taken up by the leading marine engineers of New York, and a 
company formed, called The National Steamship Ventilating 
and Marine Fire Protection Company. Among the directors we 
observe the names of J. J. Comstock, formerly captain cf the 
Collins steamships Baltic and Adriatic (the latter now owned by 
the Galway Company), Charles W. Copeland, consultin 
engineer, W. E. Everett, of the Novelty Ironworks, George W 
Quintard, of the Morgan Ironworks, &c. The casing has been 
applied to the boilers and funnel of the United States steam 
transport “Karnak,” and the following certificate has been 
published; 

“ Dear Sir,—In reply to your inquiry concerning the opera- 
tion of a ventilating apparatus fitted upon the steam trans~- 
port ‘ Karnak,’ under your direction, we have to report that, pre- 
vious to ox J last, the said steamer was fitted with a boiler that was 
very irregular in its operation, the steam running up and down, 
rendering the speed very uncertain. That great difficulty was 
experienced in regulating the fires, and soft coal was the only 
thing that could be burnt satisfactorily. 

“ The boilers were removed during the past summer, and new 
ones substituted, which were the same exactly as the former 
ones. 

“ That during the time these new boilers were being fitted in, 
your ventilating apparatus was also introduced with the follow- 
ing results :— 

“1, The drafts of the boilers have been rendered excellent, 
and no difficulty is experienced in burning anthracite coal, even 
of the inferior qualities, which we have on occasions received 
from nearly exhausted government depot while carrying troops. 

‘2. The fires require much less attention than before, the 
steam pressure being easily and uniformly maintained. 

“3, The engine-room, instead of being so hot that the engi- 
neers, assistants, and firemen were obliged to come up on deck 
frequently, is now as cool, or nearly so, as other portions of the 
ship. During the very hot weather of the past two months, 
although we have visited Southern ports (Charleston, Savan- 
nah, &c,), the engine-room has been of a temperature of 84° to 
86°, about the same as on deck in the shade, when before it would 
have been 112° to 116°. 

“4, Formerly when the furnace doors were opened the dust 
and heat in the engine and fire rooms were very disagreeable, 
now there is no dust even when the fires are being drawn, and 
extinguished by water thrown upon the incandescent fuel. 

‘¢ We remark that our smoke-pipe is about 5 ft. in diameter, 
and the ventilating-casing around the same is about 6 in. away 
from it, and rises about 4 ft. above the top of the smoke-pipe. 

“In conclusion, we cheerfully recommend your improved 
ventilating apparatus to all persons having to do with steam- 
vessels. 

“F, W. Trang, Master U.S. Transport, ‘ Karnak.’ 
“ G. G. Wiison, Chief Engineer Steamer ‘ Karnak,’ 
“G, Bentxy, 1st Assistant and Acting Engineer. 
“Tomas Bracn, 2nd Assistant Engineer. 

® To John G. Woodward, Esq., St. John’s, New Brunswick.” 








, THE DRAINAGE QUESTION. 


Tue real cause of the death of the Prince Consort may be 
inferred from the statements made in a tract, just published by 
Longmans, by William Menzies, Deputy-Surveyor of Windsor 
Forest and Parks. Writing of Windsor, Mr. Menzies says: 

“ This town was drained twenty years ago. All the former 
surface drainage was turned into the deep sewers. ‘The whole 
passes into the Thames. The main drain is 7 ft. high by 4ft. 
wide. All the rainfall passes off by the main drain. The sur- 
face area is about one square mile. ‘The inhabitants 10,000. 

“The lower parts of the town are upon Thames gravel, which 
is full of water when the river rises. 

“The main drain is about one mile and a half long, and the 
fall along the whole line is 4ft. Gin. The bottom of the invert 
at the mouth is at low summer level of the river. An ordin 
winter flood in the river, however, is 7 ft. above summer level. 
The consequence is, that when the river rises, as it does for 
some months every winter, the whole of the sewage becomes 
stagnant, and cannot possibly pass out into the river. This is 
far from being right.” 

Mr. Menzies’s opinion, which he has advanced on former occa~ 
sions, is that the rainfall should be kept separate from real 
sewage, and that the former should run off by surface drains, 
while the latter should run in deep sewers, and be pumped, 
where necessary, to raise it to any desired level at the point of 
final discharge. As the production of sewage is practically 
constant, a given pumping power would, so long as the irregular 
rainfall was excluded, deal without difficulty, and with uni- 
formity, with all the sewage produced. Mr. Menzies’s remarks 
upon sewer ventilation are worthy of attention: 

‘It should also be observed that, as the houses are hottest 
and highest, and thus suck up the foul air, the gutters and 
holes in the streets act as feeding shafts to keep the current 
going. It is impossible to preserve those gullies perfectly trapped, 
The water in them leaks and evaporates. When the streets are 
hottest the foul air comes up into them, and the holes left to 
supply air to the men who enter the drains cannot be safel 
guarded. I am aware that charcoal is used for preventing this 
gas escaping through these openings; but charcoal ceases to act 
when it becomes wet, and how can it be kept there without 
water getting to it? All these difficulties are so great that the 
London Board, about six months ago, offered a premium of 2601. 
to any one who would design a system of ventilation to meet all 
these requirements. I believe, in the present system of drainage, 


that the accomplishment of perfect ventilation is all but im- 
le.” 
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THE PROPER DEPTH OF GIRDERS. 


In designing an iron girder the first step necessary 
to be taken is to decide upon the advisable depth, be- 
cause this, in its relation to the span, is the ruling 
dimension which settles the proper proportions of all 
portions of the girder. In many cases, limited head- 
way, artistic requirements, or some other extraneous 
circumstance, necessitates the adoption of some given 
depth ; but in the majority of instances the depth is 
entirely optional. In the latter cases, however, as in 
the former, the depth is—if we view the matter in the 
proper light—determined for us in an equally definite 
manner, and can never be justly viewed, as it fre- 
guently is, as a cnapenatbenly unimportant detail in 
which we are to be guided chiefly by the prevalent 
usage. Indeed, the fallacy of accepting the average 
practice as a correct guide to be followed blindly is re- 
markably apparent in the present instance: Thus, in 
1849, at the Institution of Civil Engineers, Mr. Fair- 
bairn advocated strongly the proportion of 7th the span 
for the depth of girders up to 150 ft. span; and with 
the view of keeping the centre of gravity low, and so 
preventing satin, in large girders, he considered 
the depth should not exceed ;th the span. At the pre- 
sent time the depths of such girders would probably 
be made one-half greater, and the increased proportion 
be given to the longer instead of to the shorter spans. 
Now, no one will dispute that the best proportioned 
girder is the one giving the maximum amount of 
strength with the minimum amount of material; and 
that being so, a careful consideration of the subject 
will make it evident that the suitable depth will always 
lie between certain variable limits, the position and ex- 
tent of which will be governed partly by the absolute 
span, but chiefly by the amount of load per foot run 
to be carried by the girder. In the present article, as 
space precludes the exhaustive treatment which the 
subject deserves, it is merely proposed to illustrate the 
truth of the preceding theorem; and in order to do 
this, it will be necessary {o consider briefly the nature 
and comparative amounts of the strains on different 
portions of a girder. 

The laws governing the strains on the flanges of a 

irder are so well detined and easy of application that 
but little variety of opinion has ever existed as to the 
required strength of those portions; but this cannot 
be said with reference to the web, the whole theory of 
which remained in a very unsatisfactory state until it 
was taken up and thoroughly investigated in 1862 by 
Professor Airy, one of the few men competent to solve 
the abstruse problems involved. It is, indeed, true 
that long previous to that date a correct general notion 
of the nature of the strains was common enough, bat 
there existed no theory by which the actual direction 
and amount of the strains in the interior of a beam 
could be expressed and computed numerically. The 
experiments on the model tube for the Britannia Bridge 
indicated clearly that diagonal strains, both compres- 
sive and tensile, occurred in the webs of the tube ; 
the direction was evidenced by the wave of buckling fol- 
lowing an angle of about 45°, and even crossing the 
vertical stiffeners to assume that angle; and since the 

ortion of web firmly rivetted between the top and 
fethden flanges and the verticals remained always in 
effect a parallelogram, and as it is impossible for one 
neal of a parallelogram to be lengthened without 
shortening the other, it followed necessarily that no 
tensile strain could have taken place without involving 
a corresponding compressive strain acting at right 
angles to it. It was a due consideration of these facts 
which induced Mr. Stephenson to advocate so strenu- 
ously the adoption of plate webs in preference to 
lattice; he considered the theoretical advantage of 
the former system to be self-evident, since it is only 
necessary to conceive the bars of alattice web increased 
in number till the edges touch, and we get in appear- 
ance a plate web divided in its functions, one half the 
thickness being devoted to the tensile and the other 
half to the compressive strains ; and, as there is no 
reason to conclude that tension on a plate in one direc- 
tion impairs its resistance to a ‘ompressional strain 
operating at right angles, it follows that only one half 
the section of web would be required if the metal 
were thrown into the form of a sclid plate instead of 
contiguous bars: As the same view of the question 
was taken by Professor Airy, he considered that the 
first step of his investigation should be to prove the 
theorem, that “whatever be the number and Restions 
of the forces of compression and tension, their combi- 
nations may in all cases be represented by the combi- 
nations of two forces at right angles, these forces 
being sometimes both of compression and sometimes 
both of tension, and generally unequal in magnitude.” 
This being demonstrated, the succeeding investigation 








is confined to the consideration of two such forces 
acting at each point of the web from which the strain 
on any particle in any direction is directly obtainable. 
Partionlar attention is called to the special conditions 
under which the end portions of the web resting on 
the piers are placed. In all other vertical sections a 
compressive force taking place in a certain direction is 
opposed by an equal force of the same nature acting 
in the reverse direction, and, as the same thing holds 
good with reference to the tensile strains, it follows 
that although any particle of metal may be crushed or 
torn, there is no great liability to horizontal or vertical 
displacement. At the end portions, however, these 
opposing forces do not exist, and consequently there 
may be a great tendency to movement, both horizontal 
and vertical ; it is, however, proved by Professor Airy 
that there is no liability to Redooutat displacement, 
but that the vertical pressure which a horizontal sec- 
tion of the web over the pier has to sustain is equal at 
the base to one-half the uniform load, and that this 
force is reduced uniformly from the bottom to the top, 
so that at half the depth of the girder it amounts to 
one-fourth only of the distributed load. As our pre- 
sent object is merely to ascertain the most economical 
depth for a given girder, it is unnecessary to extend 
our investigations into the nature and amount of the 
strains on the different members further than is abso- 
lutely required to enable us to determine the weights 
of the two essential portions of a girder—the flanges 
and the web. For the sake of simplicity, we shall deal 
with a distributed dead and rolling load only, although 
of course there is no difficulty in applying the same 
reasoning to other methods of loading. 

Now, the maximum strain on each flange of a girder 
of uniform depth is, by the sim sod grace of lever- 
age, equal to the distributed load multiplied by the 
span and divided by eight times the depth, the strain 
being greatest at the centre and less elsewhere, in pro- 
portion to the ordinates of a parabola; and, as this 
strain on the flange could only have been transmitted 
through the web, a little consideration will make it 
obvious that fora uniform load, whatever the resultant 
strain may be, the total amount on the half web re- 
solved horizontally must be equal to the maximum 
horizontal strain on the flange; or, in other words, 
confining our attention at present to wrought iron, and 
assuming the resistance per unit of area to be the same 
for all descriptions of strains, the horizontalsectional area 
of a plate oe should be equal to double the sectionalarea 
of the flange in the centre, and we may simplify the calcu- 
lation without materially affecting the result by as- 
suming the proper form of the vertical cross section to 
be eciaanher again, according to the principle of 
the parallelogram of forces, the gross section of all the 
bars in a lattice web should be greater in the same 
ratio as the length of a bar exceeds the horizontal dis- 
tance included between the two ends. For a rolling 


load, although the sum of all the horizontal forces | 


on the web is a maximum when the entire load 
is on the girder, the maximum strain at a given 
point of the web takes place when the longer of 
the two segments, into which that point divides 
the girder, is fully loaded, and the other one un- 
loaded. Should the entire load be rolling, this 
would necessitate a strength of web at the centre 
equal to one-fourth that required at the ends; and to 


provide for the greatest stress at each point, the total | 


horozontal section of the half web must be equal to 
14 times the sectional area of the flange at the centre ; 
or, in a word, the weight of a plate or lattice web is 
theoretically one-sixth greater for a rolling than for a 
uniform load. Now, the total weight of a girder is, 
of course, the joint weight of the two flanges and the 
web, and the weight of the first portion will be as the 
mass, obtained by multiplying the sectional area at the 
centre by the span, and by a coefficient representing 
the relative contents of the flange to that ditcind by 
multiplying the sectional area into the span ; theoreti- 
cally, the value of this coefficient is 3, since that is the 
relative area of a parabola—the form of flange required 
—to the enclosing parallelogram ; the practical value, 
however, will always be higher than that fraction. 
Again, the weight of the web will be as the mass 
obtained by multiplying the same sectional area by a 
coefficient of the same nature as the former one—theo- 
retically equal to one—by the depths of the depth of 
the girder if a plate web, or by the square of the 
length of a bar divided by the horizontal distance, in- 


cluded between its ends, if a lattice web; for, as we | 


have already remarked, in the latter case the force 
will be as the length of the bar is to the horizontal, 
whilst the distance over which it acts will also be as 
the length of the bar, and not as the depth simply, as 
in a plate web. 

Expressing the preceding results algebraically, d 


being the depth of the girder, S the span, 7 the 
length of a lattice bar, 4 the A distance 
from end to end, and z and y the coefficients for 
the flanges and web respectively, it appears that 
the weight of a lattice web girder is to that of a 
plate girder of corresponding depth and strength as 


Sr + yn : Se+yd. Should the struts and ties be 


placed at different angles, it would, of course, be neces- 
sary to take each system separately ; and should ver- 
tical struts be employed, as too frequently is the case, 
it is quite clear, without any calculation, that the metal 
so used would be merely so much additional load to be 
carried by the girder, because, as the total horizontal 
strain on the web is a constant quantity, whatever the 
description of bracing applied, and as no portion of 
that strain could be possibly transmitted to the flange 
by a vertical member, it follows that the work done by 
the diagonals must necessarily be the same as it would 
be were no verticals introduced into the construction. 
The proportional amount of metal so thrown away is 
easily ascertained, for we know by the principle of the 
parallelogram of forces that the strains on the vertical 
and diagonal members will be as their lengths, and the 
quantity of metal required will, therefore, be as the 
-_ of their lengths; consequently the total weight 
of the web, in this instance, would be equal to 
y +d 


y ——-. 


It follows, therefore, that if the lattice bars 


be placed alternatively vertical, and at an angle of 45°, 
the theoretical weight of the web would be to that of 
a plate web of equal depth and strength as the sum of 
the squares of the lengths of the two bars is to the 
square of the depth; that is, taking the depth as the 
1’, oras 3:1. It 


follows also, since the absolute value of = is  pro- 


unit of measurement, as 1?+1?+1? : 


portional to the sectional area of the flange which 
varies inversely as the depth, that the weight of a 
lattice web will be the minimum when = is the mini- 
mum; but ?#=d’+-/2, hence taking d=1 as before, we 


have > +h, which will be the minimum when 
0 

A=1,-and be then=2; or, in other words, the most 
economical angle at which the bars can be placed is 
45°, and the theoretical weight of a lattice web would 
then be equal to double the weight of a plate web of 
corresponding strength, which is the same result pre- 
viously arrived at by another method of reasoning. 
Now, since the depth, d, appears on both sides of the 
equation, for the web, it is obvious that that portion of 
a girder will theoretically, within the limits of this in- 
vestigation, be a certain weight whatever the depth 
may be; and as the weight of the flanges is inversely 
as the depth, it follows that some theoretical advantage 
must accrue from every additional increment of depth ; 
practically a limit is placed to this by the variable 
values of the coefficients z and y. Before we can ad- 
vance further in our investigations, it will, therefore, 
be necessary to deduce the value of these coefficients 
from actual examples of girders under the conditions 
usually obtained in practice. 

The degree to which the actual weight of a girder 
will approximate to that indicated by theory is affected 
by a variety of conditions, the most important being 
the amount of load per foot run; because the greater 
‘the weight of the girder per foot run, the smaller will 
be the percentage of loss caused by such portions of 
the metal as would be a constant quantity whatever 
the amount of the load to be carried. It will be con- 
venient to consider first the disturbing influences tend- 
ing to augment the weight of the flanges, because to 
that extent the results will be common to both plate 
and lattice girders. B. B. 

(To be continued.) 














FrEEzING In Deep WATER.—Last winter water was found 
to have frozen around the mouth of the intake pipe of the 
Waterworks at Detroit, U.S., the mouth of the pipe being at a 
| depth of 25 ft. below the surface of the Detroit river. Professor 
| Henry, of the Smithsonian Institute, considers that the freezing 
| was Toe to the fact of the surface water being cooled below the 
| point of congelation, and then sinking by gravity, when the iron 
| pipe or any solid body below would form a nucleus of crystallisation. 
| Professor Douglas, of the Syne of Michigan, points out, 
| however, that so long as the water below was a little above the 
| freezing point, say of a temperature of 39°, it would be of a maxi- 
mum density, and that surface water at 32° or lower could not 
sink in it by gravity. Neither of these gentlemen appears to 
have considered that if any portion of the water pipe near to 
but not in the river was, from exposure, cooled below 32° (and 
the winter temperature at Detroit is often from 30 to 50° below 
the freezing point), the pipe would itself conduct heat from the 
river and thus freeze the water around its mouth, no matter 
how deeply it may have been immersed, 
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Wurst the Great Eastern was lying at the mouth the 
Medway previous to her departure on the Atlantic Telegraph 
expedition, that part of her below the water line was cleansed by 
the aid of an apparatus designed for the purpose, by her com- 
mander, Captain James Anderson. This apparatus, which con- 
sists of a flexible frame capable of adapting itself to the contour 
of the vessel, has been patented by Captain Anderson, and we 
now give illustrations showing one arrangement of it, which will 
enable its construction to be understood. Fig. 1 isa perspective 
view of a portion of the apparatus as applied to the side of a 
vessel; Fig. 2 is an inside view of one of the sections of which 
the apparatus is composed; Fig. 3 is a plan, and Fig. 4 a front 
view of a section; whilst Figs. 5, 6, and 7 are respectively an 
elevation, plan, and end view of one of the shields protecting the 
joints of the sections, 

The framing consists of a series of horizontal ribs or bars, A, 
which extend across the breadth of the apparatus, and the 
ends of which are bent inwards at right angles as shown in Fig. 
3. These ribs are backed (by preference in pairs) with planking, 
B, or with canvas, sheet aS or other suitable material; and 
each pair of ribs so backed constitutes what is termed by Cap- 
tain Anderson a “section.” The number of sections employed 
depends upon the depth of surface to be covered, and every sec- 
tion carries at each end a quadrant-like plate, C, which is bolted 
or otherwise connected to the rib, A. The lower part of each 
of the plates, C, overlaps the upper portion of the next plate, C, 
which is fixed to the adjoining section ; the two adjoining plates, 
C, being connected by a pin at D, to admit of the sections being 
free to turn inwards or outwards, and thus allow the frame to be 
bent to the required form. The space between each two adjoin- 
ing backing plates or sections, B, is covered and protected by a 
shield or secondary plate, E, which overlaps and fits closely to 
the surface of the backing plates, B, and each shield, E, carries 
at each end a plate, F, which is bent inwards so as to lie parallel 
to the sides of the apparatus and overlap a portion of each of 
two adjoining quadrant-like plates, C. A hole is formed in the 
upper part of each of the plates, ‘F, through which a pin or 
screw, G, is passed, this pin also passing through one of the 
a C. The plates, F, are also formed with a vertical slot, 

, in which a pin, I, on the other quadrant plate, C, which the 
plate, F, embraces, rides, moving therein according as the 
apparatus is bent to the contour of the ship. K, K, are stays 
which are fastened to the ribs, A, and extend inwards to the 
ship, or nearly so; each stay is fitted with a nut, K*, by which 
the length of the stay is adjusted to resist the external pressure 
of the water on the apparatus; or instead of this arrangement 
the inner ends of the stays may be flattened and bent at right 
angles to give a sufficient bearing surface. L, L, are horizontal 
bars hinged or rivetted to the stays, K, and extending to the 
sides of the ribs, A. The lowermost of the sections, A, has 
fixed to its lower edge a horizontal plate which forms a bottom 
to the apparatus. M, M, are blocks of wood, having fitted be- 
hind them springs, M', which are secured either to a secondary 
block of wood or to flanges of the ribs, A, as shown, so as to 
form a pliable spring facing. The blocks, M, are covered with 
thrummed canvas, sheepskin, or other material, M'', adapted 
for making a water-tight joint when brought into contact with 
the foul or irregular bottom of the ship, and the security of the 
the apparatus is increased by a waterproof covering, N, of can- 
vas or other material, shown in Fig.3. A hem is sewn in the 
canvas to admit of a rope, N!, being rove through it, anda 
sufficient margin or breadth of canvas is left beyond this hem 
to admit of a row of blocks of wood, O, which press it against 
the vessel’s bottom. Each block, O, Fig. 1, is jointed to the 
forked ends, P, of a frame, by which the ble ks, O, are connected 
in pairs ; the forks, P, being jointed to a rod or bar, P!, which 
connects them to a stud or screw, P™, on each of the backing 
plates, B. Q,Q, are wire ropes which are passed down be- 
tween each side of the apparatus and the blocks, O; these ropes 
are carried under the ship’s bottom and hauled taut; they are 
connected at the bottom of the apparatus by a rod which ex- 
tends across the bottom, and is formed with eyes for the ropes 
to pass through. A series of sheaves, S S, are fitted to the wire 
ropes, Q, and to the rod last mentioned ; and over these sheaves 
pass ropes, T, by means of which the edges of the apparatus and 
the blocks, Q, are brought in close contact with the covering, N, 
and this latter forced into close contact with the ship’s side, so 
as to effectuallly exclude the water from the interior of the ap- 
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CAPTAIN ANDERSON’S FRAME FOR SCRAPING THE 
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paratus. One end of each rope, T, is made fast to the wire ro 
or to the rod at the bottom,'and is carried over a sheave, U, 
fitted on each of the rods P!, then under two of the sheaves, 
S, over the next of the sheaves, U, under the next of the 
sheaves, S, and is then carried up to the deck, where it is made 
fast. In this way each rope, T, acts upon two pairs of the 
blocks, O, except at the bottom, where two ropes produce the re- 
quired pressure on three pairs of blocks. In some cases, Cap- 
tain Anderson empioys a slightly different arrangement; but it 
is not necessary that we should describe the various modifica- 
tions of his system here. The mode of using the apparatus 
which we have described, will be readily understood. After it 
has been placed in position and properly adapted to the contour 
of the ship, the water is pumped out, and men can then descend 
and examine, clean, or repair the vessel; and when one portion 
of the bottom has been thus treated, the apparatus can be 
shifted to another part, and so on. 








THE NEEDLE LATCH AND LOCK. 

WE give, with the present notice, a sketch of the one form of 
the “needle” door-lock, which is now being introduced by the 
Patent Unpickable Lock Company. The object of the company 
has been to produce a secure yet simple door lock or latch, 
which can be manufactured at a cheap rate; and with this view 
they have substituted for the ordinary tumblers and springs a 
series of steel wires or needles of the shape shown in the.dia- 
gram. ‘These needles are strung together upon two stumps at- 
tached to the running bolt, and they require to be lifted by the 





key to such a position as to admit of their being passed through 
certain holes formed in a brass fence-plate. When they are thus 
passed, they carry the running bolt with them, and this carries 
the real bolt. The needles are elastic in themselves, being made 
of the best steel thoroughly tempered; and from their position 
on the stumps this elasticity is increased. Unlike levers, 
which have only an up and down movement, and which 
always move to a point direct to the lever stump, the needles 
are movable obliquely, perpendicularly, laterally, and indeed in 
any direction ; and hence without the key there would be t 
difficulty in raising all the needles simultaneously to their re- 
— positions. This difficulty is increased by a number of 
alse holes being pierced nearly halfway through the fence- 
oe of the exact size to fit the needles. In the more expensive 
atches there are protectors and detectors: for instance, No. 3 
latch is constructed in such a manner that if an instrument 
other than its own key is brought into contact with the runnin 
bolt, or even raises any one needle higher than its own hole, it 
upsets the fence plate, which, on being upset, lays hold of the 
running bolt, and thus completely prevents any further attempt 
to unlock. Moreover, in the best locks, by introducing the latch 
key, and turning it the reverse way, the lock is thrown out of 
gear, the needles being set loose, the fence plate capsized, and 
the bolt seized. By the introduction of the key, however, aud 
by moving it in the direction of the needles, the fence plate 
starts up, the needle are arranged, and with the greatest pre- 
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Sawixe Timper.—A correspondent of the Scientific Ameri- 
can, who claims to have had many years’ experience in setting 
up and running circular saw mills, says that the ‘end play 
delusion is still cherished by many in the Middle States, but in 
New England it is rejected. He says he is running a saw 50 in. 
in diameter, at 800 revolutions per minute, sawing spruce and 
hemlock, some of it very knotty, on 1} in, feed; and most of the 
timber is sawed so smoothly that it is difficult to tell, by the 
appearance of the boards, how much the saw cut at each revo- 
lution. He thinks it would he impossible to run a 50 in. saw 
800 revolutions where “end play” is permitted. If the power 
is limited, the speed should be reduced. It is better, he says, 
to run 400 revolutions per minute on 1} in. feed than 800 at g in. 
feed. It dulls a saw as much to saw 500 ft. of lumber on 2 in. 
feed, as to saw 1000 ft. on 1} in. feed, and requires almost as 
much power, if the saw is in proper order. 

Prooress oF THE Pactric Ratpway.—The western end of 
the Pacific Railway is in operation to within 20 miles of the 
summit of the Sierra Nevada mountains. Trains run 84 
miles east of Sacramento, an extension of 42 miles since 
July, 1865. Some of this work lies through the most difficult 
portions of the mountains, and is very expensive. Ten thousand 
men are kept at steady work, which will be retarded only by the 
heavy snows. By the next season Virginia City will be nearly 
reached. Then comes Salt Lake City. On our side, the Union 
Pacific Company are pushing up the Platte region, and within the 
next three weeks the track will be completed to Fort Kearney, 
200 miles west of the Missouri. By the middle of June, 1867, the 
road will have about reached Denver City. A contract has 
been made for the extension of the road two hundred and fifty 
miles west of Fort Riley, to be completed in January, 1868.— 
American Railway Times. 

SrEAM-ENGINES ExporteD.—The value of the epee on 
exported from the United Kingdom in the first seven months of 
this year has somewhat declined, having been 806,896/. as com- 
pared with 1,130,591/. to the corresponding date of 1865, and 
881,6142. to the corresponding date of 1864. In the last fifteen 

ears, however, the value of the British steam-engines exported 

as largely increased, having been 403,637/. in 1851, 838,222/. 
in 1852, 458,876/. in 1853; 566,768/, in 1854, 883,370/. in 
1855, 819,067/. in 1856, 1,069,249/. in 1857, 1,097,278/. in 
1858, 973,340. in 1859, 1,238,383. in 1860, 1,258,1642. in 
1861, 1,624,8762. in 1862, 1,595,086. in 1863, 1,617,1172 in 
1864, and 1,952,6587. in 1865. It will be seen that the exports 
attained their maximum last year. The exports of steam-engines 
to British India have, however, increased this year, as the 
steam-engines we sent to that part of the world to July 31 this 
year were valued at 174,871/. as compared with 189,148/ in 
1865 and 155,829/. in 1864 (corresponding periods). 

An AMERICAN STEAM FIRE-ENGINE.—A correspondent of 
the Scientific American gives the following remarkable but some- 
what incomplete iculars of a steam fire-engine which was 
put to work in Cincinnati, in 1853: “This is the oldest engine 
in use in our city, and has been in use thirteen years. Time of 
raising steam 8 minutes and 40 seconds from the time the torch 
is applied until water is thrown from the nozzle; size of nozzle, 
1} in. ; distance thrown, 310 ft., measuring from the end of the 
nozzle to the place where solid water fell ; size of steam cylinder, 
10in. bore, 24in. stroke; pumps, 6 in. bore, 24 in. stroke ; double 
engine cranks at right angles; large air-vessels, connected 
together; length of hose, 100 ft.; steam, 100 pounds to the 
square inch; pressure on water cylinder, 240 pounds to the 
square inch; speed of engine, 110 revolutions; 220 strokes of 
pumps; grate surface, 16 ft.; heating surface 560 ft.” 

PALLiseR Guys.—A 9 in, 124-ton gun, on Major Palliser’s 
oo has arrived at Woolwich from the Elswick Ordnance 
Works at Newcastle-on-Tyne, and has been successfully proved 
previously to being rifled. It has fired 18 rounds with charges 
of 43 lb. of powder and 250 lb. shot each, and two rounds with 
charges of 55 1b. of powder and 250 1b. shot each. The first 
charges are similar to those employed in the 12}-ton Wool- 


wich gun, which lately did so much execution when firing Major 
Palliser’s chilled shell at the 8in. plated target. The gun is 
made of cast iron, which is cast round an inner tube or barrel of 
coiled wrought iron. The gun is to be returned at once to the 
Elswick works to be rifled and finished off. Five hundred 
rounds of 2501b shot and shell have been prepared for its 





cision passed each through its own aperture. 
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EXHAUST OPENINGS. 


Mr. Frepexic J. Stave has contributed to a recent 
number of the Journal of the Franklin Institute an in- 
teresting article on the actual and effective area of the 
exhaust openings of various classes of steam-engines, 
the effective areas being calculated from the data given 
by indicator diagrams. In making the comparison be- 
tween the effective and the theoretical areas, Mr. 
Slade calculates the apparent actual discharge of the 
steam in the following manner ;—Let C = contents of 
space from the piston’ to the end of eylinder in cubic 
feet ; C, = contents of space from the piston to the end 
of cylinder in cubic feet, after the former has moved 
thrugh a distance z; P = pressure above a vacuum in 
space C; P, = pressure above a vacuum in space C, 

(1.) Then C P—C, P, 

; +P, 


9 
« 


= apparent actual discharge 


Dp , 


of steam in cubic feet at the mean pressure *. 


On the other hand, the discharge which ought 
theoretically totake place through an exhaust opening of 
am area may be approximately calculated by the fol- 
owing formula :—Let A=smallest area of exhaust open- 
ing in square feet; ¢,= time, in seconds, occupied by the 
piston in reducing the contents of the cylinder from C 
to C,; p=the atmospheric pressure or pressure in 
condenser ; e=number of ols feet of steam of pres- 

>» >» 
sure P+! 


S 
~ 


‘ i ) iw 1 - “ 
(2.) Then \-( +e:—p) < 96 x ¢,.A=theoreti- 


cal discharge of steam in cubic feet, in the time ¢,, 
and the result obtained by the first formula divided by 
that given by the second gives the relation between 
the actual area, A, and the effective area. 

In the case of a high-pressure engine having a cy- 
linder 12 in. in diameter 18in. stroke, taking the 
steam at a pressure of 43 lb. per square inch through the 
whole etka, and making 95 revolutions per minute, the 
exhaust being led through a long and tortuous pipe, 
it was found that the apparent actual discharge was 
only about x of that due to the exhaust opening. 


. weighing one pound. 


me - 
Che term apparent actual discharge is used because 
the actual discharge itself must necessaribly be greater 
than that caleulated by the first formula, on account 


of the leakage of the valves and the re-evaporation of 


the water in the cylinder. 

Some diagrams taken from locomotive engines on 
the Erie Railroad show a much better result than that 
given by the last example, the exhaust passages being 
in these cases short, and nearly the whole of the 
passages being considerably larger than the smallest 
part—the blast orifice. In the case of No. 204 engine, 
the cylinders were inside, and were 18 in. diameter by 
20 in. stroke, the steam ports being}15} in. by 13 in., 
the exhaust ports 15$in. by 23im., and the blast 
nozzle 3}in. in diameter. The results obtained from 
the diagrams of this engine were that the apparent 
actual discharge was .444, or yi of that theoretically 
due to the exhaust openings, the greatest discrepancy 
between the two amounts being at the commencement 
of the stroke, when it might be reasonably supposed 
that considerable re-evaporation and discharge of water 
from the cylinder was going on. The diagrams of two 
other engines on the same line show very similar 
results, the apparent actual discharge being in the one 
case 744% and in the other 74435 of that which should 
theoretically take pl we. 

Another engine, from the diagrams of which Mr. 
Slade makes some deductions, is a stationary one, with 
a cylinder 26 in. diameter by 30gin. stroke, the ex- 
haust port being 9fin. by | and the amount of 
the opening of the latter being the smallest part of the 
exhaust In this case, however, there was 
leakage into the cylinder through the steam 
and this reduced the apparent discharge to yuu 
one, notwithstanding the free passage 
Another stationary 


passage. 
some 

valves, 
of the theoretical 
( xh ust 
engine, having a 10 in. eylinder and 20 in. stroke, gave 


given to the steam. 
when working at 60 revolutions an a parent discharge 
of only yess of that theoretically attainable, the exhaust 
port being but 4.25 in. by 0.68 in. Tac least sectional 
area of the exhaust passage was, however, at the valve, 
the pipe being 2} in. in diameter. The result above 
mentioned was obtained when the engine was exhaust- 
ing into a condenser in which a 174in. vacuum was 
maintained. Another diagram, taken from the same 
engine when exhausting into the atmosphere through 
a pipe about twice as long as that leading to the con- 
denser, showed a greater apparent discharge. As we 
have already stated, the diflereuce between the theoreti- 


cal and actual discharge through a given exhaust open- 
ing is no doubt to some extent less than that shown 
by the above calculations; but there is no doubt but 
that it is considerable, particularly in cases where 
sufficient care is not taken to obtain a short and 
straight exhaust pipe and a free passage for the 
steam. 








THE MESSAGERIES IMPERIALES. 


Tuts great French maritime enterprise has been 
steadily growing in importance of late years. At the 
close of 1865, the total value of the company’s plant, 
as well afloat as in the builders’ hands, was estimated 
at 3,347,3432., being an increase of 77,003/., as com- 
pared with the corresponding estimate made December 
31, 1864. At the close of 1865, the. company’s fleet, 
as well at sea as in the builders’ yards, comprised 63 
ships, propelled by engines representing an aggregate 
force of 18,640 horse-power, with an aggregate 
burthen of 112,146 tons. Three ships were in course 
of completion in the Ciotat yard at the commence- 
ment of this year, viz., the Niemen, the Tibre, and 
the Eridan, of 280 horse-power each. To these ships 
must be added the Rion, purchased with a view to a 
special service in the Black Sea. At the present 
date, all the four new ships named are ready for 
service. The stores of every kind collected for the 
company’s use at Marseilles, the Ciotat yard, Bordeaux, 
Suez, and the agencies of the various lines, were 
valued, at the close of last year, at 523,7872., in which 
sum tools figured for 149,195/. Besides the ship- 
building operations in which the company engaged 
last year, it constructed a working “quarter ” at Suez 
for its European employés, besides rendering a similar 
service to its Arab assistants. It also constructed coal 
stores at Yoko-Hama to meet the exigencies of a 
Japanese line just organised, while it further engaged 
in other works at Saigon (Cochin China) and Shan- 
ghai. 
In 1865 no material change was made in the postal 
services carried out by the company. The Japanese line 
was inaugurated September 12, 1865 ; and the Batavian 
line, the last which remained to be commenced, was 
opened at the commencement of the current year. The 
distances traversed in 1865 comprised 472,215 marine 
leagues. The average speed realised (deducting ships 
employed in auxiliary transport services) somewhat 
exceeded 94 knots per hour. On the great lines the 
voyages were made with fair expedition. Thus the run 
from Yoko-Hama to Marseilles was completed in 
43 days, 32 days of which were employed in actual 
navigation, while 11 days were spread over various 
stopping-stations. Before the opening of the new 
postal service, the most rapid voyage from Yoko- 
Hama to Marseilles had occupied, if we are rightly in- 
formed, 52 days. ‘The steamers engaged on the Brazil 
line have also attained increased speeds since they have 
received new boilers.. In 1864 the general parcours 
embraced 465,582 marine leagues, so that 1865 had to 
sustain the charge and burthen of an additional distance 











of 6633 marine leagues. In 1864 only two voyages were 
‘made on the Mauritius line, and-the distance traversed 
upon it did not exceed 5063 marine leagues. In 1865 
this service was carried out more fully, and represented 
a distance of 30,413 marine leagues. The Japanese 
line also placed a distance of 2070 marine leagues at 
the charge of 1865, while the extraordinary despatch 
of two steamers, to replace the Bearn and the Saintonge, 
increased by 2871 marine leagues the normal distance 
traversed on the lines of the Atlantic Oeean. In the 
Mediterranean, on the other hand, the distance run last 
year was reduced as compared with 1864, in conse- 
quence of the diminution in the number of regular 
voyages between Marseilles and the various ports of 
the Italian coast. 

In 1864, the average distance run by each steamer 
was 7209 marine leagues, while in 1865 it was 7812 
marine leagues, so that last year each steamer was 
utilised to the additional extent of 8.36 per cent. In the 
172,215 marine leagues run last year, the obligatory or 
permissive voyages which the company’s steamers 
executed figured for 464,644 marine leagues, and the 
balance of 7568 marine leagues arose from extra- 
ordinary voyages necessitated by accidents, &c. The 
ordinary distance of 464,647 marine leagues was 
allocated as follows between the three great divisions 
of the company’s services :—Mediterranean and Black 
Sea, 304,526 marine leagues ; Atlantic Ocean, 55,971 
marine leagues; and Indo-China, 104,150 marine 
leagues. {In the total referring to the Indo-China line 
we have not comprised a distance of 11,264 marine 
leagues annually required in the Mediterranean by a 
service of correspondence in connexion with the main 





line to China. This distance figures in the total repre- 
sented by the company’s general Mediterranean 
voyages, although, by the terms of a convention con- 
cluded in 1861, it may be said to form part of the 
Indo-Chinese operations then undertaken. The general 
working, &c., expenses, which the company had to 
sustain last year, amounted to 1,528,586/., showing an 
increase of 25,940/. as compared with 1864. This 
augmentation is justified hy the increase in the naviga- 
tion performed, and which has been of a more onerous 
character than that hitherto carried on in the Mediter- 
ranean. Thus, in 1865 28,798 more marine leagues 
were traversed in the extreme east, and 2871 more 
marine leagues in the Atlantic Ocean. The working 
expenses would have experienced a more serious in- 
crease if considerable economies had not been realised 
in several departments. 

As regards the traffic accommodated by the com- 
pany last year, it may be summed up as follows. . The 
number of passengers carried was—civil, 123,081; 
official, 30,192; making a total of 153,273, or 10 per 
cent. less than in 1864. The quantity of goods carried 
in 1865 was 168,437 tons; and of State plant, 1420 
tons; making a total of 169,857 tons, or 7 per cent. 
more ‘than in 1864. The quantity of specie carried 
was 13,784,589/., or 154 per cent. less than in 1864. 
These data show that in two great divisions of business 
the company’s traffic has given way. The augmen- 
tation in the quantity of goods carried did not involve 
cithgr a proportionate improvement in this part of the 
receipts, the nature of the goods conveyed necessarily 
exerting its influence on the result, while, on the other 
hand, freights have an almost continual tendency to 
fall in presence of the development of competition. 
Compared with the results obtained in 1864, the re- 
ceipts realised last year upon the company’s lines 
showed a decline, upon the whole, of about 3} 
per cent. The falling off in the revenue from passen- 
gers was very small, and it was in the freight derived 
from goods that the diminution almost entirely arose. 
The cholera appeared in Egypt at the commencement 
of June, 1865, and promptly invaded the whole eastern 
basin—from Beyrout to Smyrna, and from Marseilles 
to Constantinople—as far as the bottom of the Black 
Sea, and then the western basin, Italy, Spain, and the 
African littoral. The effects of this disastrous visi- 
tation made themselves felt until January, 1866. In 
Sicily and Greece business relations were almost wholly 
suppressed, and for several months the company’s 
ships were rejected from the ports, while at other 
points the operations of the company were considerably 
reduced. In the Straits of Messina, before Palermo, 
the Pireus, Valence, and even before Algiers, the 
company’s steamers were obliged to keep in the open 
sea, where they were exposed to serious dangers. 
From those dangers they were protected by the vigi- 
lance of their captains, but, conducted under such con- 
ditions, maritime transport industry must be regarded 
as subjected to a veritable crisis. 

Upon the whole, comparing 1865 with 1864, we 
find that the company lost nearly 15 per cent. of its 
Mediterranean traflic, two-thirds of this loss. arising 
under the head of goods. The loss particularly affected 
the Constantinople line and the network of annexed 
lines. Since January, 1866, the traffic of the Mediter- 
ranean and Black Sea lines has revived, although some 
uneasiness has been occasioned by the late conflict 
between Austria and Prussia, which has somewhat 
deranged the ordinary course of trade. The earnings 
of the Brazil and La Plata lines last year showed a re- 
duction of 2 per cent. as compared with 1864. During 
the current year, however, more satisfactory results 
are expected to be established, as the confidence of 
the travelling public appears to have been acquired, and 
the goods traffic is making progress. The principal 
branches of the Indo-China network also showed some 
progress last year, and the improvement would have 
been more marked but for the bringing into operation 
of the Mauritius line. The total receipts of every 
kind in 1865 amounted to 1,761,868/,, and the total 
working expenses, properly so called (including in- 
surance and provision for depreciation), having been 
1,494,8072., it follows that the net profits of the year 
were 267,061/., reduced to 233,281/. after payment 
of the charges for interest, &c., accruing on the 
company’s bonds. After applying 5 per cent. of the 
net profits to the statutory reserve fund, the balance 
of profit was further reduced to 221,617/. Out of 
this amount the directors declared a dividend of 
2/. 16s. per 20/. share, which absorbed 220,000/., leaving 
16177. to be carried forward to the credit of 1866. 
We may, perhaps, enter into some further details with 
reference to the company’s new services in another 
article. 
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THE SUEZ CANAL. 

[M. Levaxzey, the engineer of the Suez Canal, has 
lately given an elaborate account of the works to the 
French Society of Civil Engineers. Our correspondent 
has supplied us with a special account, for which he 
has had many facilities afforded to him. ] 

To tHE Epitor or ENGINEERING. 

Sm,—Among the gigantic modern undertakings 
with which we have become so familiar, the Isthmus of 
Suez Canal has attracted a great degree of interest'in 
all parts of the world, both on account of its immense 
importance and from the contradictory opinions which 
men of the highest professional standing have. ex- 
pressed upon the subject. It is gratifying, therefore, 
to know that this Herculean work is rapidly advancing 
towards a successful completion. To exhibit the in- 
genious processes by which this result has been attained, 
and to give a summary account. of the actual state of 
the works, is the purpose of the present letter, which, 
I trust, will meet with a Sreenile reception from the 
majority of your readers. 

A few years ago a sandy desert extended for 135 miles 
from the shores of the Mediterranean to the Red Sea. A 
few marshy flats were distributed over this vast extent 
of country, which exhibited the desolate aspect of re- 
gions deprived of water, stripped of all vegetation, and 
unenlivened by the presence of man. But, in these 
days, the power of capital works wonders, which in 
former ages would have been attributed to’ supernatu- 
ral agency; and the traveller who now crosses these 
formerly desolate plains discovers not only extended cul- 
tivation, but numerous hamlets ‘and villages inhabited 
by thousands of souls, and his eyes rest with astonish- 
ment upon the works suddenly taised in the midst of a 
solitude by the most powerful machines which science 
can design, and practical ability construct. 

The first part of the channel for the Suez Canal 
was excavated wholly by manual labour—that of the 
Egyptian contingents levied by the Pasha. But the 
well-known freshwater channel absorbed the greatest 
part of their labours; and at the moment when their 
assistance was withdrawn from the company a small 
portion only of the main work of the canal had been 
executed. The contractors, therefore, had to apply 
steam power and elaborate mechanical contrivances in 
the further prosecution of the undertaking. 

According to the plan adopted by the company, the 
line crosses three districts of distinct topographical 
character, each of which required a different method 
of excavation and special tools suited to the special 
difficulties of the ease. About fifty miles of the canal 
is cut in the marshy soil which lies nearly level with 
the sea, principally on the Mediterranean side. A 
second portion is situated on a higher level, on the 
table lands of El Ferdane, the Serapoeum, Chalouf, 
&e. A third division occupies the depressions of the 
soil which lie from 20 ft. to 30 ft. below the level of 
the sea, and which are known under the improper 
name of lakes (Lake Timseh, salt lakes, &c.), although 
at the present moment they would be more correctly 
designated as marshy ground. The geological nature of 
the soil is nearly the same at all these points ;- it con- 
sists of clay, sand, and argillaceous mud. 

_ The first operation was to open a harbour at Port 
Said, and the first small dredgers began by excavating 
a few channels, and the spaces necessary to float the 
large dredgers which were to be sent from Europe 
and fitted up on the spot. The sandy bank which 
separates the harbour from the sea was next attacked ; 
and a long channel was also dug on the shore, which 
slopes gently to the sea, and which will yet 
allow ships of heavy tonnage to reach Port Said with- 
out grounding. This channel is nearly four miles and 
ahalf long. At the same time Messrs. Dussaud, the 
Contractors for the stone embankment, were actively 
pushing their part of the works, and this channel is 
now protected from sand drifts in the most satisfactory 
manner. At the present moment seven large dredgers, 
attended by fifteen steam barges, continue this part of 
ue work, and about 200,000 tons of material are ex- 
ted every month. The construction of these 
ines does not offer any remarkable peculiarity, 
it 1s not necessary, therefore, to give a full de- 
ion of them, 

te canal itself was excavated at first by small 
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‘redgers, but 1t- was soon ascertained that it was difli- 
cult to employ barges in this case. In the harbour 
the stuif brought up could be discharged into the sea 


> rhil a7 } . : 
further out, while in the canal it had to be deposited 
on ~ banks. It was then ascertained that sand and 
mud, when mixed with a sufficient quantity of water, 


a easily slide down the lateral shoots of the 
edgers, which were already 54 ft. long. Coun. 





terweights, fixed upon beams connected with the 
dredgers, maintained the equilibrium ofthese troughs, 
and their stability was also increased by fastening 
two wooden lighters, 9 ft. by 36 ft., to the sides of the 
dredgers. 

At a later period it was ascertained that sand mixed 
with an equal amount of water would readily slide down 
a shoot the inclination of which did not exceed 4 or 
5 per cent.,‘although a higher degree of inclination was 
necessary for clay (6 to 8 per cent.). At the same time 
it was noticed that water set in motion by the wind, or 
by the passage of steam-boats, affected the embank- 
ments, which washed down to a gentle slope, on 
which the waves spent themselves gradually : this 
protection was found to be fully sufficient for pre- 
serving the sides of the canal. The company, in view 
of ‘these''facts, decided to considerably extend the 
limits of its former plans, and to give at once a width 
of more’ than 325 ft. to the water level, instead of the 
former dimension of 180 ft., so as to allow a slope to 
be formed'on each side. For the new width the appa- 
ratus hitherto employed was utterly insufficient, and.it 
thus became necessary to design and ‘construct the 
enormous dredgers which are now employed. 

The height of the frame from the water level to the 
tumbler shaft is about 43 ft., and the lateral shoots 
are about 220 ft. long, this distance having to be 
crossed between the axis of the canal and the inner 
ridge of the embankment. An inclination of about 
8 or'10 per cent. had to be maintained upon the whole 
length, giving a vertical fall of from 16 to 22 ft.; and 
as the embankment (which was intended to contain 
400 tons of materials per metre forward) was already 
of a respectable height, it became necessary to raise 
the axis of the tumbler shaft to the point just 
mentioned. ‘In order to steady an apparatus the 
lateral shoot of which was so extended, the old 
methods were quict insufficient, and accordingly M. 
Lavalley, the able engineer of the company, assisted 
by M. Lecointre, ingeniously contrived the following 
plan: The lateral shoot rests upon a special lighter 
placed at one-third the length of the shoot from its 
upper end, and which receives the weight through a 
pillar of iron lattice-work. The shoot is supported 
yesides by two strong iron frames. ‘This seca barge 
is firmly fixed to the dredging-machine by similar iron 
frames, and the whole system is as solid as if it was made 
upon a single large vessel. For further particulars I 
beg to send you, next week, tracings of the machines 
for insertion in your journal. 

The absolute necessity of an abundant supply of 
water has been so fully ascertained that, in order 
to secure success by all possible means, each 
lighter carries a special engine with pumps capable of 
discharging at the top of the shoot over 33,000 gallons 
per hour, this water being brought up by a long pipe, 
so that by boring at different points the water may be 
let into the shoots whenever it is wanted. 

The buckets are large, so as to prevent the stuff 
from sticking, and their form is conical, widening very 
much towards the mouth, so as easily to discharge 
their contents. The mode of working the dredgers 
varies with the nature of the ground. Nevertheless, 
the bucket ladder is always ahead of the vessel herself, 
so as to maké way for her. In sands, the whole depth 
is taken at once, and the soil, being of a ‘very loose de- 
scription, tumbles of itself into the buyekets. In 
alienines ground the bucket ladder, is so adjusted 
that the buckets peel off the earth, the ladder being 
lowered at each turn. 

The work has been progressing steadily now for 
many months, and upwards of 2,000,000 tons have 
been disposed of. I am happy to inform your readers 
that one of the difficulties which had been suggested 
as the greatest impediment to the completion and 
maintenance of the canal, viz., the filling up of the 
section by the sand blown upon it, appears to have been 
very ae overrated. The depth of the canal being the 
standard by which the contractors are paid, it has 
been carefully measured and examined many times, 
and'no perceptible change has been met with, except 
at certain exceptional points, between Lake Ballah 
and Lake Timsch, a distance of a little over twenty 
miles. ‘ 

We must bear in mind that the canal crosses -suc- 
cessively the Lakes Menzaleh, Ballah, Timseh, and 
the salt lakes, and that no sand-drifts, of course, are 
to be apprehended on those points, and that between 
the salt lakes and the Red Sea its course runs parallel 
to the well-known channel of the Pharaohs; and 'the 
fact that this latter excavation is yet open is of itself 
a sufficient proof that no difficulty will be found in main- 
taining the southern extremity of the actual works in 
proper order. We have therefore only to consider 





the amount of sand which might accumulate on the 
points situated between the lakes, ‘a quantity not likely 
to exceed 4000 or 5000 tons per annum. One dredger 
would thus be quite sufficient to keep the channel clear. 

We come now to the second part of the works, which 
have to be cut through much higher ground. Here 
the section to be excavated increases so rapidly that 
it soon becomes impossible to dispose of the material 
on such embankments as can be made by the large 
dredgers just described. It would therefore be 
necessary, in order to continue the direct system, to 
construct much larger ‘apparatus, and to raise the 
central frame fr 3 ft to 60 or 70 ft. It has been 
deemed imprudent to build at once and without data 
such large mackinés, and to try so great an experiment 
in a distant country, where mechanical aids are mostly 
wanting gyand it.was therefore decided to go on with 
the old,syetem of carting, taking out the stuff in large 
shellsy.and raising these by cranes of 30 ft. reach, and 
then taking, them away in wagons drawn by loco- 
motives, or in some cases by mules.» But insuperable 
diffignities were met with, the embankment being too 
weak from its. argillaceous and sandy nature, while it 
was, moreoyer,-soltened by the large amount of water 
whieh it absorbed from 'the excavated: material. Thus 
the banks could stot, bear the weight of the wagons and 
engines, and the rails had to be constantly replaced. 

When the enlarged ong if of the “m7 was a 
it ‘found impossible to comitinue the use of the 
olen they Sere not ise reach the barges ; and, 
after much Consideration, the following system was 
adopted : A triangular iron. frame of large dimensions 
was constructed ‘from the ¢anal side to the embank- 
ment ; its span was 140 ft., and its highest point was 
about 45 ft. above grotind Tevel. The upper side of 
this frame was inclined at the rate of 23 per cent., and 
the lower part stood about 9 ft. above the water. It 
was supported in the canal by a barge, on which it was 
firmly fixed by a universal joint, and the land end was 
carried by a strong trolly, running upon rails, laid, not 
upon the unsafe embankment, “put upon the hard 
primitive soil. Free play was given to one of the axles 
of the trolly, so that the apparatus admitted of con- 
siderable range of adjustment. When the barges come 
in, with the shells or cases filled with stuff, these are 
hauled upon the incline, and each of them run up to 
the top of the frame, when, the stuff having been dis- 
charged upon the embankment, the case runs down of 
itself, to be succeeded by another, and so on. All these 
motians are nearly self-acting, and the whole system 
appears to be decidedly successful. 

he cases contain six tons each, and the side-port 
hinges are on the top and not at the bottom of the 
door, as is generally the case. The refuse is trans- 
ported in rather shallow water, and instead, therefore, 
of employing steamers or ships, MM. Borel and 
Lavalley fave adopted floats. ‘Two longitudinal air 
tanks support an open iron lattice-frame, by which the 
cases are carried floating freely in the water, their dis- 
placement materially reducing their weight. The large 
iron triangles, which are commonly termed elevators, 
move easily enough along the canal, and are generally 
shifted once for each three turns of the dredgers. The 
tools at work on the high-level part of the canal are, 
in the first instance, dredgers: with side shoots 76 ft. 
long, these making the outer excavation; then, for 
the inner portions of the canal, dredgers with the 
shoots 220 ft. long, and finally, for the higher parts of 
the embankment, the elevator above described. It is 
always possible to increase the contents of the outer 
part of the embankment by a more abundant supply 
of water, which diminishes the outer slope, and no 
fears are therefore to be entertained as to the possibi- 
lity of disposing on both sides of the channel of the 
enormous amount of earth which has to be excavated 
(about 80,000,000 tons). 

One of the difficulties to be overcome was to bring 
the dredgers from the fresh-water canal into the salt- 
water canal, these having different water levels. This 
difficulty has been overcome by the erection of proper 
sluices between the two canals, The barges, on ac- 
count of their length exceeding that of the sluices, 
are made in two pieces, one 21 ft. and the other 9 ft, 
long. ‘They arrive entire at Port Said, and are cut in 
two at that. place ; they are then carried along the first 
part of the.canal and along the fresh-water canal, and 
are then refitted. The machinery now in use consists 
of ten dredgers with steam barges, five elevators, and 
twenty-five large dredgers with long lateral;shoots. 

In my next letter I will: describe the process by 
which the higherJevels are excavated, and the still 
more important operation by which the sea-water 1s 
conducted into the lakes, 

Paris, Sept. 27th. Cu. Batt, C.E. 
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STEEL TYRE ROLLING MACHINERY. 


BY MESSRS. NAYLOR, VICKERS AND CO., SHEFFIELD. 


WH It 


Mr. Tuomas E. Vickers, of the well-known firm of Naylor, 
Vickers, and Co., of Sheffield, has recently patented the arrange- 
ment of rolls for rolling hoops or tyres, of which we give illustra- 
tions above. According to this plan, those parts of the rolls 
between which the work is performed overhang their bearings, 
whilst the remaining portions, instead of being placed side by 
side, or one above the other, as is generally the case, are extended 
in opposite directions, and are supported by separate frames. 
Thus, in our engravings, A is the upper and B the lower roll, 
the former being carried in bearings on the fixed frame, D, and 
the latter by others on the moveable frame, C, this frame being 
in its turn supported upon the ram, G, of the bydraulic press, 
F, situated below. 

The overhanging portions of the rolls, A' and B', are fur- 
nished with broad flanges, a and 6, between which the hoop or 
tyre which is being rolled is confined, the faces of these flanges 
being arranged so that when they are at work each of them is 
in contact with the end of the opposite roll. The position oc- 
cupied by the rolls when acting upon a tyre is shown by the 
dotted lines in Fig. 2, from which it will be seen that under 
these circumstances the face of the flange, 5, of the lower roll 
} come against the end of the upper roll, A, the face of the 

lange, a, of that roll at the same time bearing against the end 
of the roll, B. Each roll is furnished witha collar, c, by means 
of which the end adjustment can be effected, washers being 
placed behind these collars and tightened up, when required, by 
means of the caps, d, and cotters, e. 

The working part of one of the rolls is made of small dia- 
meter, as at A', so that it can operate upon a ring as 
hole of, say, only 6 in. or 8 in. in diameter, in the centre, whilst, 
from the other roll being moveable, the outside diameter of the 
ring may be three or four times as much. The lateral spread- 
ing of the hoop whilst undergoing the operation of rolling is 
prevented by its being confined between the flanges a and }, and 
the amount of compression exercised is regulated by the 
hydraulic press, G, or by equivalent means. When a hoop has 
to be placed in the machine, the lower roll is lowered into the 

ition shown by the full lines in Fig. 2, and then, when the 
noop has been placed upon the end, A’, of the upper roll, the 
lower roll is raised by pumping water into the hydraulic press, 
F, the upper part of the frame, C, ing the lower roll being 
steadied by guides formed on the front of the frame, D. 
Owing to the difference between the inner and outer diameters 
of the hoops to be rolled, it is necessary that the upper and 
lower rolls should be driven at different speeds, and this the 
arrangement of the rolls upon separate frames allows to be readily 
done by applying independent driving power to each. The 
gearing employed for driving rolls arranged on this plan does 
not differ from that usually employed. 





Frencn Rartway Spreep.—The following wonderful para- 
graph has been goin 
French Railways.—The Anglo-Indian mail is conveyed from 
Calais to Marseilles at the rate of more thana milea minute. The 
distance is 863 kilometres (§ of a mile each ), and the time occupied 
8 hours 38 minutes, which gives 624 English miles per hour.”— 
Gali. i. The distance from Calais to Paris is 203 miles, and the 
time occupied by each of the two daily express trains is 5 bh. 50 m., 

iving an average of 34.8 miles an hour. The distance from 

aris to Marseilles is 5344 English miles, and the time occupied 
by oot pe any express is 16 h. 15 m., giving an average speed 
of 82.85 miles an hour. There is a minimum detention of 
1h. 45 m. in Paris, so that the whole distance of 737} English 
miles cannot be made in less than 23 h. 50 m., giving an average 
speed of 30.93 miles an hour. 


details of an arrangement of link motion designed by Mr. George 


the round of the press:—“ Speed of 
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JAFFREY’S VALVE GEAR. 
Weillustrate, in the accompanying engravings, the constructive 


W. Jaffrey, of the Hartlepool Ironworks, Hartlepool, and which 
is now being employed by him. The object of Mr. Jaffrey’s mode 
of constructing the valve gear is to furnish each joint with an 
adjustable bearing, so that any looseness caused by wear can be 
readily taken up; and it will be seen from the engravings that 
this end is very completely and aX attained. The expansion 
link used is of the “double bar” form, the block, which is 
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eae gun metal, clipping the outsides of the bars as shown in 


Fig. 

‘The block is made in two pi which are embraced by a cup 
fixed to the end of the ad spindle, this cap fitting into a 
V-shaped groove turned in the block at the centre of its width. 
The two parts of the cap (which are tightened up by bolts in the 
ordinary way) have brass liners interposed between them, and 
other liners are also placed between the two parts of the block; 
by easing the last mentioned liners the two s of the block 
can be c. upon the bars of the link, whilst the reduction of 
those first mentioned permits the cap to be — upon the 
block. The ends of the eccentric rods and lifting links are 
titted with caps and brasses in a similar manner to the end of 
the valve spindle, the arrangement being clearly shown in our 


engravings, The particular valve gear represented is of the 





Ui 5 


N | 


Nyy 
Nyy 


Wa 
\_ i] 


LZ 
t) 





N 
\ 
N 

A \ 











\ 








tA 


gjjjpdddddiidte 


5 LS 
PASI ZZ 


CEE CSS 


N 


Ze 


« * oe 
Sa bansw™ 
Nm! 


Yuu 


Yttddddddddiidédlidédzécs 


y Ss N 


\ 


Ylllildbat:+ 


Yl 
Vita ptt: 


\\ 
: QQQqaG 


_ 
ANY 
\\\ \\ \ 

following dimensions: Length of link between end centres, 
3 ft. 7 in.; bars of links 4in. wide by 1}in. thick. The block 
is 10 in. long, and the central part, where it is clipped by the 
cap at the end of the valve spindle, is 6in. in diameter at the 
bottom of the Y groove. The valve —- is 34 in. in diameter, 
and the two bolts of the valve spindle cap are each 1f in. in 
diameter. The eccentric-rod bearings are 24 in. in diameter and 
4 in. long, and the lifting-link bearings are 1} in. long and 2in. 
in diameter. Our engravings of this valve gear are to the scale 
of 1 in. to the foot, and have been prepared from a tracing witk 
which we have been favoured by Mr. Jaffrey. 
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Ayr Harsour.—A wet dock and breakwater are to be made 
at Ayr. The Glasgow and South-Western Railway Company 
are empowered to subscribe 10,000/. towards the cost. - 

New Ramway Sration in GLascow.—The Glasgow 
South-Western arena a resolved to erect a large 
station in St. Enoch-square, f° 

Catais To Boutocne.—These two French ports are wy 
now about to be connected by om 3 The line is expected 
be opened on the 15th of next month, sila 

ITaLtan Ports.—It is proposed in France to form a com” 
pany to make artificial harbours on the Italian coast. rail. 

Arrican Rartway Iron.—It is now proposed to make 
way bars from native iron, in works to be built in South Eastern 
Africa. The manufacture is no poet but we presume 
the rails are expected to cost 20/. or 30/. per ton. 
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SECTIONS OF FILTER-BEDS AND RESERVOIRS AT BARNES. 
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THE WEST MIDDLESEX WATERWORKS. 
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THE WATERWORKS OF LONDON. 
No. I11.—Tue West Mrippiesex ‘Water Company. 

Havre in our previous articles given an account of 
the two water companies which obtain their supply 
from the River Lea and from springs in the neighbour- 
hood of its source, we shall now proceed to notice 
the works of those companies which draw their water 
from the Thames; these being the West Middlesex, 
the Southwark and Vauxhall, the Grand Junction, the 
Chelsea, and the Lambeth Companies. The three 
companies first mentioned take their water from the 
Thames at Hampton, whilst the Chelsea and Lambeth 
Companies obtain theirs at Seething Wells and Thames 
Ditton respectively. As we stated in a. previous 
article, the drainage area of the Thames above Staines 
amounts to 3086 square miles, and its mean annual 

100,000 cubic feet per minute, or 
900,000,000 gallons per day. In 1852, when, in con- 
sequence of the unsatisfagtory nature of the supply 
then obtained, the Thames water companies shifted 
their points of supply higher up the river, the minimum 
quantity of water passing Hampton was estimated at 
$62,000,000 gallons per day, and various Acts were 
passed authorising the withdrawal altogether 
100,000,009 gallons per day by the water companies. 

The first Thames waterworks of which we shall give 
an account are those of the West Middlesex Company. 
These works were proposed about the commencement of 
the present century by Mr. Dodd, and, an Act for their 
construction having been dSbtained in 1806, the works 
at Hammersmith were begun in the following year by 
Mr. Nicholson, who succeeded Mr, Dodd as engineer 
to the company. In 1852 the company commenced 
the removal of their source of supply from Barnes to 
Hampton, six miles above the influence of the tide, and 
they now have at the latter place two direct-acting 
Cornish or Bull engines of 105 horse power each. These 
engines have each a cylinder 64 in. in diameter, with a 
stroke of 10ft., the diameter of the pump plungers 
being 45 in., and their stroke, of course, the same as 
that of the steam cylinders. They pump the water 
direct to Barnes through a 36 in. main 8? miles in 
length, passing through Twickenham, Richmond, and 
Mortlake, this main being laid in duplicate where it is 
taken under the Thames near Riehmond-bridge. 

At Barnes are situated three subsiding reservoirs, 
havinga combined area of about 20}acres, and capable of 
containing about 55,161,768 gallons, these being arranged 
as shown in the general plan of the Barnes and Ham- 
mersmith works, Fig. 1, page 232. When the supply 
was obtained from the Thames at Barnes withou 
pumping, a limit was imposed upon the height at which 
the reservoirs could be constructed, but now that the 
water is supplied from Hampton and is raised by 
engine power, the reservoirs can, of course, be 
placed at a higher level. Advantage has been taken of 
this in the construction of the new high-level reservoir, 
which is that furthest from the river, and the sides of 
which are carried 5 ft. above those of the older reser- 
voirs ; and by the use of this reservoir a higher water 
level can be maintained in the new filter-beds, and 
consequently a greater head obtained in the main 
which conducts the water across the river to the 
pumping station at Hammersmith opposite, this in- 
creased head, of course, increasing the conducting 
power of the main, We give, in Figs. 20 and 21, 
age 229, sections of the embankment of the high- 
evel reservoir which will explain its construction. The 
first-mentioned section, Fig. 20, shows the manner in 
which the 36 in. main from Hampton is led into the 
reservoir, and from it it will be seen that the end of the 
main is bent upwards and carried above the ordinary 
water level, the mouth of the pipe being about 12in. below 
the level of the top of the sides of the reservoir. This 
arrangement of the entering main does away with the 
necessity for a valve at its end, and prevents any water 


discharge is 


from flowing back from the reservoir in the event of 


an accident cy to the main. Where the main 
passes through the bank of the reservoir it is well 


puddle d, and the bottom of the reservoir is protected 
from disturbance by the water falling over the bent up 
end of the main by means of a pavement of 4in. York 
landings, covering an area 20 ft. in djameter beneath 
the mouth of the pipe. The portion ofthe main which 
projects into the reservoir is supported by brick piers, 
that under the end being 3 ft. square, 


The bottom and sides of the new reservoir are 
covered with a layer of concrete 12 in. thick, this con- 
crete being faced with brickwork for a depth of about 
2 {t. above and below the usual water line. The inside 
slope of the banks is 2} to 1, the sides being joined 
to the bottom bya curve of 38 ft. radius. The total 
depth of the reservoir measured from the top of the 


of 





embankments varies from 14 ft. to 15 ft.; the depth 
of the water being generally about 2 ft. Gin. less than 
the dimensions just given. The tops of the banks are 
21 ft. 6in. above Ordnance datum, or 2 ft, 6in. abové 
the level of the engine-house floor, so that the latter, 
which is 19 ft. above Ordnance datum, agrees with the 
average level of the surface of the water in the new 
reservoir. Fig. 21 shows a section through one of the 


embankments of the high-level reservoir on the line of 


the 36 in. mains connecting it with the old filter-beds. 
It will be seen that the main from the reservoir is led 
into a brick shaft 13 ft. 6 in. in diameter, and from this 
shaft another 36 in. main is led to the filter-beds, both 
mains being furnished with sluice valves at the shaft 
ends. The high-level reservoir is also connected with 
the other reservoirs and filters, and from the lowest 
point of it is led a 14 in. pipe for the purpose of empty- 
ing it. The average water level in the older reservoirs 
is 5 ft. below that in the high-level reservoir, and con- 
sequently the same distance below the level of the 
engine-house floor, or 14 ft. above Ordnance datum. 

Besides the reservoirs, there are at Barnes five filter- 
beds, these having an area of about eight aeres, and 
affording storage for rather more than 9,501,200 gal- 
lons of water, The three older filter-beds are situated 
side by side at the end of the high-level reservoir, and 
a section of one of their end walls is given on the left 
hand side of Fig. 21, the top of the wall being $ ft. 
below the level of the engine-house floor, and the top 
of the filtering material (when the filter-bed is newly 
made up) being 12 ft. below that level, or 7 ft. above 
Ordnance datum. In the triangular filter-bed at the 
eastern end of the works, the water level is 2 ft. higher 
than in the old beds, and in the new bed, which has just 
been constructed by cutting off a portion of one of the 
old reservoirs by a bank thrown across it, the water 
level is 1 ft. 6 in. higher. 

The filter-beds are all similar, as far as the arrange- 
ment of the filtering material is concerned, and it will 
therefore be only necessary that we should describe 
one of them, and we shall choose as our example the 
new bed of which we have just spoken. Of this bed 
we give am-enlarged plan in Fig. 2, page 232, this plan 
showing the arrangement of the drain pipes, as well as 
that of the inlet and outlet pipes and culverts. As we 
have already stated, this filter-bed was formed by cut- 
ting off a portion of one of the older reservoirs, and we 
give in Fig. 8 a section of the separating bank, which 
shows its construction. The bank is 13 ft. high above 
the concrete bed of the reservoir upon which it is 
formed, and is 12 ft. wide at the top, the side slopes 
being 2 to 1 on the side next the filter-bed and 2} to 
1 on the side next the remaining portion of the reser- 
voir. The bank contains a puddle core, which rests 
upon the concrete which formerly formed the bed of 
the reservoir. The height of the puddle core is 
11 ft. 6 in., and its thickness at the base 5 ft. 6 in., this 
thickness being maintained for a height of 2 ft., after 
which it diminishes to 2 ft. 6 in. at the top of the core. 
The side slopes are faced with concrete 12 in. thick for 
a height of 7 ft. 6 in. (measured perpendicularly), after 
which the facing is formed of rag stone for a height of 
5 ft. 6 in., and above this again the concrete is continued 
to the top of the bank, which is 2 ft. 6 in. below the 
level ofthe ‘engine-house floor, or 16 ft. 6in. above 
Ordnatidatum. The rag stone facing is, like the con- 
crete, about 12in. thick, and it’is placed so that it 
extends both above and below the average water levels 
in both the filter-bed and reservoir. 

In the bank just described, there is sunk a brick 
shaft 12 ft. in diameter inside, as shown in the plan, 
Fig. 2, and section, Fig. 4. This shaft is built of 14 in. 
brickwork, the puddle wall being continued round it 
with a thickness of 2 ft.; the bottom is formed by a 
brick invert 9 in. thick, and with 6 in. camber, resting 
Into the shaft are led four pipes, viz., 
ng por- 


a 30 in 


upon concrete, 
a 40 in. main, communicating with the remain 
tion of the old reservoir, as shown in Fig. 4; 
pipe leading to the new filter-bed; a 36 in. pipe which 
is carried through the new filter-bed, and is connected 
with another shaft into which the pipes for supplying 
the eastern filter-bed are led ; and, lastly, a pipe which 
extends under the embankment to the filter-beds. 
The two first-mentioned pipes are furnished with 
sluices at the shaft end, as shown in the figures. The 
manner in which the pipes are supported where they 
earried out sinto the filter-bed and reservoir is shown 
by Figs. 5and 6, from which it will be seen that they 
borne by small brick piers 3 ft. 9 in. long, 14 in. thick, 
and placed at a distance of 9 ft. apart from centre to 
centre. 

Down the centre of the filter-bed is carried 
longitudinally the double culvert shown in tranverse 


section in Figs. 3, 12, 13, and 17, in longitudinal 
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section in Figs. 7 and 8, in outside elevation jn 
Fig. 16, and in plan in Figs. 1 and 9. As will be seen 
from the enlarged part-elevation and transverse 
section, Figs. 16 and 17, the lower culvert is 2 ft. 6 in. 
square, the top being formed of 4 in., and the bottom 
(which rests upon the concrete forming the bottom of 
the filter-bed) of 3 in. York landing stones. The sides 
of the lower culvert are formed of 44 in. brickwork, 
the five lower courses being laid with open joints, 
and these side walls are strengthened at intervals 
of 5 ft. by solidly built piers 9in. by 9in.. as shown 
in Fig. 16. The upper culvert is U-shaped, 2 ft. 6 in. 
wide and 1 ft. 6in. deep, the bottom being semi- 
circular. It is constructed of brickwork built upon 
the York landing stones forming the top of the lower 
culvert, the width of the brickwork outside being 
4 ft., and the thickness below the bottom of the upper 
culvert 5 in. At the western end where the upper 
culvert receives the entering water from the 30 in, 
pipe already mentioned, the sides of the culvert are 
gradually raised, by three steps, to a height of 
2 ft. 3 in. above the bottom, the arrangement of pipe 
and.culvert at this point being shown at Fig. 8. 

From the lower culverts there are led, at intervals 
of 20ft., a series of 6 in. pierced drain-pipes, these 
extending to a ring of similar pipes which extend 
round the filter-bed at the foot. of the slopes of the banks, 
As the double culvert above mentioned does not ex- 
tend the whole length of the filter-bed, the drainage of 
the eastern end is effected by a series of 6 in. pierced 
drain-pipes leading into a transverse culvert communi- 
cating with the main culvert already described. Of 
this transverse culvert we give a transverse and longi- 
tudinal sectiqn in Figs. 14 and 15, from which it will 
be seen that its construction resembles that of the 
lower part of the double culvert above mentioned, 
It is, however, of smaller dimensions, the height inside 
being 2ft. and the width 1ft.9im. In order to pre- 
vent the lodgment of air in the culverts, they are pro- 
vided with cast-iron air-pipes, as shown in Figs. 8, 12, 
and 15, those pipes communicating with the main 
longitudinal culvert being 6 in. and those leading from 
the ends of the transverse culvert 4in. in diameter. 
Where the air-pipes of the lower central culvert pass 
through the upper culvert, the latter is widened out to 
a width of 3 ft. 3 in. inside, in order to maintain a clear 
waterway; this widening is shown in Figs. 9 and 12. 


. Air-pipes are also connected at various points with the 


ring of drain-pipes which runs round the {filter-bed, 
and from the eastern ends of the central culverts there 
is led a 12 in. pipe, which extends to the river. This 
vipe, which js used for emptying the filter-bed, has 
yranches, furnished with sluices, communicating with 
both the upper and lower culverts. The air-pipes are 
in all cases carried up to the level of the top of the 
banks, and their arrangement, together with that of 
the drain-pipes and culverts, is shown in the general 
plan of the filter-bed, Fig. 2. 

At the eastern end of the filter-bed the lower central 
and transverse culverts communicate with a semi- 
circular shaft, situated at the end of a brick tunnel, 
which formerly contained the outlet-pipes from the 
reservoir. ‘This tunnel, which is shown in section in 
Fig. 7, is 8 ft. Gin. high by 5 ft. wide, and is furnished 
with a sluice at each end. Near the outer end of this 
tunnel has been built a tumbling-bay of Y form in 
plan, and 6 ft. Gin. high, the top being 2 ft. below the 
evel of the surface of the sand in the filter-bed. The 
outer end of the tunnel communicates with a circular 
shaft, into which are also led the outlet pipes from 
the other filter-beds, and from which a 36 in. conduit- 
pipe is laid under the bed of the river Thames to the 
pumping station-at Hammersmith. 

We must now describe the arrangement of the 
filtering material, which is shown in the sections, 
Figs. 3, 12, 13, and 14. It consists, first, of a layer 
of coarse gravel 12in. thick, laid upon the concrete 
bed, and above this of four other layers of gravel of 
gradually increasing fineness, the thickness of the 
layers being, successively, 6in., 3in., 2in., and 4in. 
Above the gravel is laid a layer of Barnes sand 12 in. 
thick, and above this again a layer of Harwich sand 
2] in. in thickness, this forming the upper surface of 
the bed. The total thickness of filtering material, 
when the filter-bed is newly dressed, is thus 5 ft., and 
the upper surface is 10 ft. 6 in. below the level of the 
engine-house floor, or 8 ft. 6in. above Ordnance 
datum. The level just given only refers to the new 
filter-bed: the surface of the filtering material in the 
three old filter-beds is 7 ft. and that in the triangular 
or eastern filter-bed 9 ft. above Ordnance datum. The 
beds are generally worked with a head of 3 ft. of water 
above the surface of the filtering material. 

From the above description it will be seen that the 
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water is led into the filter-bed down the central con- 
duit, and, welling over the sides, percolates through the 
sand and gravel, and is collected by the drain-pipes 
and culverts beneath. As the filtermg goes on, the 
upper surface of the sand becomes clogged by the 
matters separated, and at intervals varying from four 
days to a month, according to the season and the state 
of the water, the latter has to be drained out and the 
surface of the sand scraped. The scraping is required 
on the average every week, and the yo le of the 
layer of sand removed is about gin. The scraping is 
repeated from time to time until the top layer‘of sand 
is reduced to about a foot in thickness, when the bed 
has to be redressed. We may mention here that an 
abundant supply of sand and gravel suitable for filter- 


ing purposes is obtainable on the West..Middlesex, 
Company’s own property at Barnes} ‘and~ this shas’ 


greatly reduced the cost offorming:the filter-beds. 

~ The cleansing of the sand-which is seraped off the 
filter-beds is efleeted by the aid of a very simple wash- 
ing machine, whieh is erected as required by the side 
of any of the filter-beds. It consists of a wooden 
frame supporting a platform, wpon which the dirty 
sand is placed and mixed with water, the mixture flow- 
ing down a couple of inclined planes formed: like flights 
of shallow steps. By falling over ‘these steps the 
lumps are broken up and the dirt separated, and when 
the mixed water and sand flows from..the«bottom=of 
the lower flight of steps the cleancd:sand is soon depo- 
sited in channels prepared to receive it, the dirt bemg 
carried off in suspension by the water. ‘Two depositing 
channels are formed at the foot of the inclines, the de- 
scending current. being turned into them alternately, 
so that whilst the deposited sand is being removed 
from one, a fresh supply is being deposited in the 
other, and so on. The water for washing purposes is 
supplied by pipes leading from a small pumping: engine 
of 6 horse power, situated in an engine-house near the 
eastern filter-bed, as shown in the general plan, Fig. 2. 
The gravel for the lower strata of the filter-heds ‘is 
separated from the sand and sorted into five different 
degrees of fineness by a sifting-machine provided for the 
purpose. 

From the filter-beds at Barnes the water is conveyed 
direct to the pumping station at Hammersmith, oppo- 
site, by means of a 36 in. conduit-pipe laid under the bed 
of the river, as we have already mentioned. At Ham- 
mersmith the company have five Cornish beam 
engines, of an aggregate nominal power of 900 horses. 
No, 1 engine has a 54in. cylinder, with 8 ft. stroke, 
and works two pumps—one 20 in. in diameter, with 
8 ft. stroke; and one 15 in. in diameter, with a stroke 
of 6ft. No. 2 engine has also a 54in. cylinder and 
8 ft. stroke, but it works one pump only, that being 
20in. in diameter, with a stroke of 8ft. Engines 
Nos. 1 and 2 are placed in one engine-house, and 
their valve gear is connected and is regulated by one 
cataract, so that the engines make alternate strokes. 
Engine No. 3 has a cylinder 64 in. in diameter, with a 
stroke of § ft.,and works one pump 23 in. in diameter, 
with the same stoke as the steam cylinder. The 
engine is also fitted with another pump, 18 in. in dia- 
meter and 6 ft. stroke; but this is not in use at pre- 
sent. Engines’ Nos.-1, 2, and 3 were all built by 
Messrs. Boulton and Watt; but they have been fitted 
with Cornish nozzles and their parts strengthened 
by Messrs. Harvey and Co., so as to fit them for 
working witha higher pressure of steam than was at 
first intended. ‘The average initial pressure of steam 
is 23 lb., and it is cut’ off at one-third the stroke, the 
speed of working being generally about 14 strokes per 
minute. All the pumps are of the solid piston class, 
with the inlet and outlet passages communicating with 
the upper end of the pump eylinders, so that the water 
is delivered during the up stroke of the pump piston, 
or the indoor stroke of the engine. ‘The boilers for 
supplying steam to engines Nos. 1, 2, and 3 are nine 
in number, seven of them being in regular use. They 
are Cornish boilers, with single flues, and are each 30 ft. 
long, some of them being 7 ft. and some 6 ft. 6in. in 
diameter. ‘They are worked up toa pressure of 30 Ib. 

Engines Nos. 4 and 5 weté*built by Messrs. Harvey 
and Co., the former being of 220 and the latter of 300 
horse power. They have been at work about eighteen 
months. Engine No. 4 has a cylinder 72in. in dia- 
meter, and works a double-acting pump 23 in. in dia- 
meter, the stroke of both the steam and pump pistons 
being 10 ft. No. 5 engine has an 80 in. eylinder with 
10 ft. stroke, and drives q double-acting pump 244 in. 
in diameter, with the same stroke asthe steam eylinder. 
As we have just'stated, the pumps-of both efigincs a?c 
double atting, the pump" rods’ beintr hk 80 
that during the in-door'sttok@ eneh anithe had to ritise 
not Only the water due to the up stroke of the pwnp 


iston, but the counterbalance also, the descent of the 

tter during the out-door stroke delivering the water 
due to the down stroke of the pump piston. As the 
pump pistons are loaded so as‘ to deliver the water 
against the greatest head with which the engines can 
be loaded, it would sometimes happen that, when the 
engines are working against a less head, they would 
perform the out-door stroke too quickly if means were 
not adopted to prevent it. To avoid this, the engines 
are both fitted with throttle valves in the equilibrium 
pipes, so that by partially closing these the transfer 
of the steam from the upper to the lower end of the 
cylinders can, be checked, andthe speed of the out- 
door strokes regulated. The, suctiommyalves of the 
os are fo , ‘and: the, delivery valves, double- 

valves, and the air-vessels on ihe delivery: pit 

are. of wrought. iron.’ Engines Nos.-4 and 5:are sine 
in their general arrangement, and, therefore, as -we 
intend next week to publish engravings of No. 5 
engine, it will be unnecessary for us to give more than 
the above general particulars here. We may mention, 
however, that the beam of No. 4 engine is cast in an 
open lattice form, and some months ago one flitch of 
it cracked through just above the main centre. The 
damage. was. repaired by the engineer to the West 
Middlesex Company, Mr. W. B. Hack, by applying: a 

air of cast-iron. struts to the top of the:centre-of the 

eam, aud carrying wrought-iron truss rods from end 
to end over these, thus making.a yery strong job... The 
struts and tie rods add about 11 tons to the weight of 
the beam, and it has been found that since they have 
been applied a better duty has been obtained from the 
engine, 

The steam for engines Nos. 4 and 5 is supplied by 
ten single-flued Cornish boilers, seven of these being 
worked to supply one engine, or nine to, supply the 
two. If, however, the two engines should have to be 
kept in full work, more boiler power would be required. 
Seven of the boilers are each 28 ft. long and 6 ft. 6 in. in 
diameter; and the other three, which are made of steel, 
are each 6 ft. 6 in. in diameter and 24 ft. long. They are 
all worked at a pressure of 401b. per square inch, and 
the engines are driven at from 14 to 16 strokes per 
minute, the average speed being about 144 strokes per 
minute. 

The pump wells of the engines are supplied from 
the- Barnes - filter-beds. by the 36 in. conduit-pipe 
already mentioned, this pipe branching just outside the 
works, and one branch leading to the,well for engines 
Nos. 1, 2, and 3, and the other to that for engines Nos. 
4and 5. Both branches are furnished with sluices, so 
that the supply can be shut off from either well at 
pleasure ; Pe in the engine-house of Nos. 4 and 5 en- 
gines there is placed a small donkey-engine, by means 
of which the well belonging to those engines can be 
pumped out when required. This engine also drives 
the shafting in the adjoining workshops. During the 
day, engines Nos. 1, 2, 3, and 5 are employed pumping 
into three mains of 30 in., 21 in., and 14 in. in diameter 
respectively, the overplus water, if any, passing into 
the reservoir at Barrow Hill, the mains being fitted 
with valves opening towards the reservoir. uring 
the night, engines Nos. 2, 3, and 4 are worked: they 
pump into the Barrow Hill reservoir, and als# supply 
any demands which may be made upon the mains. No 
stand pipes are used, the pumps being all furnished 
with air-vessels on the delivery side. 

The covered reservoir on Barrow Hill, near Primrose 
Hill, is situated 190 ft. above Ordnance datum ; it is 
of about’ 13 acres area, and will hold about 4,750,000 
gallons. At Barrow Hill there are also two double- 
acting engines, one of them being a beam‘engine with 
a cylinder 23 in. in diameter and 6 ft. stroke, working a 
double-acting pump 12 in. in diameter, also with a 5 ft. 
stroke, The other is a horizontal engine with a cylinder 
23 in. in diameter, working a double-acting pump 11 in. 
in diameter, the stroke of both steam and pump pistons 
being 5 ft. These engines are supplied with, steam by 
five single-flued Cornish boilers, 5 ft. in diameter and 
20 ft, long, and they are employed in pumping water 
from the Barrow Hill reservoir to the higher dis- 
tricts, such as*part of St. John’s-wood, the New Fin- 
chly-road, Hendon, &e., which could not at present 
be supplied by’ gravitation. The company are, however, 
now .constructing a covered reservoir at the back of 
Kidderpore Hall, near Child’s Hill, from which the 
future supply of the high level district will be distri- 
buted. ‘This reservoir, which will be situated 321 ft. 
6in. above Ordnance datum, will contain about 
2,500,000 gallons. 

Besides the covered reservoir at Barrow Hill, the 
company have another ,at Notting Hill; this reservoir, 
which is 124 ft. 6in. above Ordnance datum, having 








an area of about 1} acres, and being capable of storing! 


about 3,672,000 gallons. The present total storage capa- 
city of the company’s reservoirs and filter-beds is thus 
about 73,085,000 gallons, and this will be raised 
when the reservoir at Kidderpore Hall is completed 
75,585,000 gallons. The total nominal power of the 
company’s engines is 1201 horse power, this total 
being made up of 210 horse power at Hampton, 6 at 
Barnes, 900 at Hammersmith, and 85 at Barrow Hill. 

The total length of the company’s mains and services 
is about 230 miles, and water is supplied by them to 
about 36,000 tenements. The water is supplied every 
week-day to the whole district, and in some parts 
twice a day, whilst in nearly the whole of the town 
portion.of the district, including the poorer localities, 
a.-supply of water is also furnished on Sundays. In 
many* ‘where the water is not laid on to the 
houses, a} supply.is “furnished. to the poor from stand- 
pipes. A gratuitous supply of water is also furnished 
by the company to the hospitals and charitable institu- 
tions within their distriet, as Well as for extinguishing 
fires. In the case of the latter, a reward is given by the 
company to the first person who calls the twnecock, 
and the supply is left on as long as it is required, 
According to the Registrar-General’s. report for July 
of the present year, the average daily quantity of water 
supplied by the West Middlesex Water Company 
is 9,090,414 gallons; and it is also stated in the 
same report. that the quantity of solid matter con- 
tained in: the water amounted to only 23.62 parts in 
100,000, these impurities including 1:16 parts of 
organic or volatile matters, and 16.2 parts of carbonate 
of lime, or its equivalent..of. hardening salts. The 
total amount expended upon works, &¢,, by the West 
Middlesex Company was, up to Lady-day last, nearly 
774,3602., and of this sum nearly 268,000/. have been 
expended since 1852, when the company obtained the 
Act which enabled them to shift their source of supply 
from Barnes to Hampton. We cannot conclude this 
notice of the works of the West Middlesex Company 
without acknowledging the courtesy with which the 
engineer to the company, Mr. W. B. Hack, has not 
only furnished us with all the required information, 
but has also placed at our disposal the numerous draw- 
jngs from which our illustrations have been prepared. 


THE SPITHEAD FORTS. 

Tue forts, intended for the protection of Portsmouth 
Dockyard against hostile iron-clads, were commenced 
five years ago, yet their lower courses are now but 
little more than out of water.. The fort on the Horse 
sand stands in 1] ft. of water at low tide, the depth on 
the Noman sand being somewhat greater. At the 
Horse, the masonry was started directly og the 
shingle, which was tovelled to receive it, while at the 
Noman, the shingle was reached after removing 3 ft. 
in depth of mud. The foundations are rings of stone 
work, 240 ft. in external and 122 ft. in internal dia- 
meter where they rest upon the shoal, the rings being 
successively “stepped” on the outer face as they are 
carried up, so that the outer diameter of the body of 
the fort is about 220 ft. A column of iron cylin- 
ders has been sunk in the centre of each fort, that at 
the Horse reaching to a depth of 90 ft., with the object 
of obtaining water for the garrison, as well as to ensure 
a correct knowledge of the strata. Water has not 
yet been reached, however. The core of the founda- 
tion work has been laid in concrete blocks with Bram- 
ley Fall and Runcorn stone on the lower and inner 
faces, while all exposed portions are laid in granite. It 
appears. that at the two forts there have been laid up- 
wards of one anda half million eubic feet of Bramley Fall 
stone, over half a million cubic feet of Runcorn stone, 
118,000 cubic feet of granite, and 23,000 cubic yards 
of concrete blocks. The tide rises 14 ft., and the base- 
ments of the forts are to stand 11 ft. above high water. 
The details of the iron casings of the forts, have not, 
after five years’ delay, been yet settled, and we think 
it is fortunate that they have not been. We are now 
becoming accustomed to ordnance and armour of very 
different. weight and capabilities from anything known 
or possibly. contemplated even five years ago. The 
basements of the forts are ordered, however, to be 
cased with iron, and this will probably be 18 in. thick. 

The forts on the Spit and Ryde sands have not yet 
been commenced, beyond the operations of boring and 
dredging. They will be 150 ft. in diameter at the top 
course of the foundations, the internal space being 
70 ft. across. That at the Spit will have its founda- 
tions 20 ft. below low-water spring tides, 10 ft. of mud 
having been dredged out before reaching the shingle. 
The fort on Ryde sand will have its lower masonry 
egurses nearly dry at low tides, the foundations being 
laid upon 9.4t. of concrete pitched upon the sand, a 
sixrounding protection of rubble being employed. 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given. 
on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
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The Publisher earnestly requests that correspondents will 
give this Journal its proper name, ENGINEERING, without 
the prefic “ The.” It is not merely that this gives a false if 
not an absurd sense to the title, as much as would “ The All 
the Year Round” or “The Punch,” but it leads to frequent 
confusion with the title of another journal, “ The Engineer.” 
This confusion is the more to be avoided because, the Conduc- 
tor of this Journal having been for nearly six years the Editor 
of “ The Engineer,” letters addressed to him as the Editor of 
«The Engineering” or “ The Engineer” are believed to oc- 
casionally reach the office of the last-named paper, the pro- 
prietor of which has notified to Mr. Colburn that all letters 
received there and addressed to him as the Editor of that paper 
will be opened, and if upon editorial and not upon private 
matters, appropriated. Mr. Colburn will feel greatly 
obliged by being informed by correspondents of any case in 
which letters intended for him have thus been violuted, as 
he has no other means of knowing the extent of, still less of 
resorting to a remedy for, such a practice. 
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THE INTERCOLONIAL RAILWAY. 


Tue present United States of America were once 
colonies of Great Britain. It would now be impos- 
sible to say whether the mother country, had they re- 
mained colonies, would have gained or lost by their 
colonial, as distinguished from their present national, 
existence. But could they have remained attached to 
this country, and at the same time have attained their 
present prosperity, none can doubt that the connexion 
would have proved of immense advantage to the British 
empire, as distinguished from the advantage which we 
now derive from them as forming a great commercial 
nation. We still have extensive and rapidly growing 
colonies, in North America, with which no danger of poli- 
tical difference is apprehended. These are the Canadas, 
New Brunswick, oa Nova Scotia, which are likely to 
be blended in a great colonial confederacy. Strangely 
enough, we have virtually no permanent access to these 
colonies except through the territory of the United 
States, with which power we may at any time be at 
war, as the events of the last five years have sufficiently 
shown. In the summer time Allan’s line of Liverpool 
and Montreal steam-ships run up the Gulf of St. Law- 
rence, and the river of the same name, to Montreal ; but 
in the winter we are dependent, for our communica- 
tion with our possessions, upon 150 miles of railway 
between the American town of Portland and the Ca- 
nadian boundary, another 150 miles, nearly, having then 
to - traversed, in Canada, before reaching Mont- 
real, 

_ The importance, in an imperial point of view, of a 
direct railway communication through the provinces 
between Halifax and Quebec can hardly be over-esti- 
mated. The distance from Halifax to Quebec, not 
upon an “air line,” but upon the shortest of three 
surveyed routes is 588 miles; and of this distance 170 
miles are already occupied by railways, leaving 418 
miles to be constructed to complete the communica- 
tion. Of this remaining distance, indeed, taking one 
of the rival routes, several miles are already occupied 
by a portion of the European and North American 

lway, now working. ‘To complete a direct railway 
communication, through New Brunswick, between 
Halifax and Quebec, 396 miles thus remain to be con- 
structed. The direct-line distance is considerably less, 
but the distance given is measured upon a practicable 
route, intermediate between a considerably longer 
route to the north and another to the south. All the 


routes have been surveyed, and an able report was 
upon the whole subject by Mr, 


made, five years ago, 


A. Luders Light, Memb. Inst. C.E., and for several 
mg chief engineer to the railways of the province of 

ew Brunswick. This report has received the full 
approval of Mr. James Brunlees, C.E. The route pre- 
sents no special difficulties beyond those common 
to nearly all railways in the North-Eastern States, 
and the estimated cost of construction is but 83007. 
per mile, or 3,286,800/. for the whole length of 396 
miles. This estimate we can state from a very wide ac- 
quaintance with American railways to be a liberal one. 

The late Duke of Newcastle clearly perceived 
the great ae of this line, now known as the 
Intercolonial, although it equally deserves the title of 
the Imperial American Railway. 4 Had he lived and 
remained in office, its construction would have been 
already commenced. As it is, however, it is now un- 
derstood that an imperial guarantee of the interest 
upon 3,000,000/. has been conceded for the line, and 
the Canadian delegates are now in London completing 
their arrangements for its commencement. 

On Monday last a plausible letter appeared in the 
Daily Telegraph, signed “ Anglo-Colonus,” opposing 
the Intercolonial Railway scheme, and urging that the 
imperial guarantee might have been much better 
applied to deepening and widening the canals of the 
St. Lawrence river, so as to promote direct commerce 
between Liverpool and Chicago, the latter a town 
600 ft. above the sea, and of which ascent. upwards of 
one-half is through the Nia river. These canals, 
we may add, are absolutely closed to all commerce for 
at least six months in the year, during which they are 
frozen to the bottom. 

According to “ Anglo-Colonus,” who has this alterna- 
tive scheme to support, no more fruitless expenditure 
could be entailed ‘ion that for the construction of the 
Intercolonial Railway. It would, he alleges, cross a 
“barren, inhospitable, and pathless wilderness,” from 
the St. Lawrence river to Truro, Nova Scotia—just as 
if American railways, and many of them which now 
pay best, had not originally been carried across in- 

ospitable and pathless wildernesses—we will not say 
“barren,” for only the attempt at cultivation can prove 
that, and when the attempt is made, we believe, from 
what we know of the country, that we can answer for 
New Brunswick. The correspondent of the Zelegraph 
has no difficulty in proving that the distance is greater 
from Quebec to Halifax than from Quebec to Portland, 
but he does not own that Halifax is as much nearer 
England. He furthermore shows his knowledge of 
American railways by stating that for nine months in 
the year it requires ¢wo days to journey from Portland 
to Montreal, whereas the 292 miles (not 300 miles, as 
given) are run daily by express trains each way in 
exactly twelve hours. Another train each way stops 
over night at Island Pond, in order to give afternoon 
passengers a night’s rest on the way; but, were it re- 
quisite, all trains could be run through in ten hours 
nearly every day in the year. It is stated, too, that 
much more snow falls in Nova Scotia than in Maine, 
and that, therefore, a through railway to Halifax 
would be oftener and longer blocked by snow in 
winter than the present line vid Portland. The case 
is exactly the reverse. Those who know the pro- 
vinces know that the winter fall of snow is not 
nearly as deep in New Brunswick—a province 
without considerable elevations—as in the States of 
Maine and New Hampshire. The Atlantic and St. 
Lawrence Railway, although itself attaining an eleva- 
tion of but 500 ft. above sea-level, skirts the base of 
the White Mountains of New Hampshire—a country 
familiar to the boyhood of the present writer—where 
Mount Washington towers 6600 ft. above the sea, and 
in the adjoining valleys of which snow falls to the 
depth of from 6 ft. to 10 ft., and often drifts to a depth 
of 50 ft. Another argument against the railway is 
that the only trade between the provinces is in identical 
products—timber, fish, and grain. Thé same argument 
of identity of local products might have been urged 
against, not only nearly every long connecting line of 
railway in the States, but also against most of those in 
England. 
One and a better argument in favour of the gua- 
rantee is, that while the Government can afford to 
guarantee nearly a hundred millions of capital for rail- 
way construction in India, they can still better secure 
three millions for an important and far cheaper line ina 
thoroughly loyal and strongly English province like Ca- 
nada, and that,with the advantages of race and climate, 
there is at least equal chance of an ultimate repay- 
ment of the obligation from the latter country. But, 
ae this, the Intercolonial Railway will afford the 
sole means of reaching, during at least one-half of every 
year, one of our most important colonial possessions, 
except by going through what may at any moment 





become hostile territory. 





WATER SUPPLY IN THE NORTH. 


CumMBERLAND and Westmoreland have been too 
long permitted to waste their treasures of pure water, 
of which so many other parts of\the kingdom, and 
notably London, stand so much in need. In Enat- 
NEERING for Jan 19th last, vol. i., one 42, we 
noticed the proposal of Mr. Dale, of the Hull Corpora- 
tion Waterworks, to supply the principal towns of 
Yorkshire and , Lancashire with water from Ullswater 
and Haweswater, and we have more lately published 
Messrs. Hemans and Hassard’s scheme to supply the 
metropolis from the same sources. 

Mr. Dale has just published a more complete pro- 
spectus of his scheme, including plans of the district 
of supply and delivery, and a section of the proposed 
aqueduct. The‘ frequency with which na 4 under- 
takings are now brought forward, and the increasing 
favour which they receive, demonstrate not only the 

rowing interest but tae accumulating convictions of 
the public with respect to the whole question of im- 
proved water supply—a question upon which no engi- 
neer who expects to maintain a first-class position 
would now dare to advance opinions in favour of the 
poent sources of supply of most large towns. Mr. 

ale sets out with three propositions of the utmost 
importance with respect to the watering of towns— 
propositions, however, which have not, until late years, 
gained anything like the acceptance which their obvi- 
ous force demands. They are, first, the water to be 
obtained for towns must be soft and of the greatest 
— purity ; second, the gathering-ground must be 
ree from all impurities, and guaranteed for all time 
against agricultural and trade pollutions, and espe- 
cially from the sewage of towns; and, third, there 
must be an unlimited abundance of supply. These 
three propositions may be regarded as embodying the 
three prime principles which must yet decide all ques- 
tions of the watering of towns. The sea, Mr. Dale 
rightly points out, is our great natural reservoir, and 
the atmosphere our great purifier of water. And it is 
upon the bigher hills, such as those of Westmoreland, 
that the greatest quantity of sea-waicr, purified by 
evaporation from its marine salts, is thrown down as 
rain for the use of man. 

Admitting these broad principles, it is easy to follow 
the practical details of Mr. Dale’s plan. Ullsyater is 
477 ft. above Ordnance datum, and Haweswater 694 ft. 
Each has an extensive drainage basin, upon which 
more than 100 inches of rain, or, in other words, the 
purest water, fall yearly, and of which nearly 100 in. 
are run off by the rivers Eamont and the Lowther. 
The water, to the extent of 150 million gallons daily, 
could be led off through a series of cast-iron mains, 
separate pipes being employed for the respective lakes, 
and, with the exception of tunnelling Shap Fell and the 
high ridge between Todmorden and Littleborough, the 
mains would follow almost the natural surface of the 
ground to Halifax, Leeds, Bradford, Bolton, Liver- 
pool, and the intermediate towns. In this series, 
Halifax is the most elevated, its highest portions being 
604 ft. above the sea, still giving 90 ft. head to Hawes- 
water, while the highest points in the other towns 
are, Rochdale 472 ft., Burnley 492 ft., Huddersfield 
429 ft., Bradford 420 ft., Keighley 388 ft., Blackburn 
373 ft., Bolton 337 ft., Kendal 316 ft., Bingley 278 ft., 
Leeds 300ft., Liverpool 227 ft. Wakefield 201 ft., 
Dewsbury 187 ft., Wigan 157 ft., Preston 140 ft., and 
Lancaster 132 ft. To take the estimated supply of 
131 million gallons (with a capacity for 150 sniftivas) 
would require four lines of pipes from the lakes, each 
6 ft. in diameter, this number of mains being laid as 
far as Leeds, 90 miles from the lakes. Three lines would 
extend thence to Bolton, a further distance of 55 miles ; 
and thence to Liverpool, a further distance of 25 miles, 
two lines of mains would be laid. The water from 
Haweswater and Ullswater would be taken off by 
separate mains, and under Shap Fell would be a tunnel 
5 miles 47 chains long for the water of the lower lake, 
and another 3 miles and 5 chains long would convey 
the waters of Haweswater. Both systems of mains 
would pass down the valleys of the Lune, Aire, Calder, 
and Roch, and, with the exception of the 2} mile 
tunnel under the high ridge between Todmorden and 
Littleborough, the mains would not be laid upon a line 
differing greatly from the natural surface of the ground. 
Mr. Dale’s scheme, considered financially, is as 
follows : 

I proj that the belonging to the existing water 
congeain tha be saratea Uy the ars Saat bodies, at a fair 
valuation, based on average bona Jide profits, in the same manner 
as usually adopted in carrying out arrangements of this 
character. 

The amount of capital required for the carrying out of these 
works, by the aid of Government, can be borrowed at 4 per cent. 





interest; and I propose that a sinking fund should be esta- 
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blished, of 3 per cent. annually, upon the total amount of out 
ay, so that the amount can be paid off in a given nun f 
years, making a total of 7 per cent. to be paid annual! 

The estimated cost of works, the amount of expenditure, and 


the amount of revenue to be derived therefrom are as follows: 
Total cost of works, including pipes, tun- 
nelling, trench work, town connexions, and 
all other materials and works required to 
be done, &c. we on one -» £11,500,000 
Parliamentary expenses, compensations, 
surveys, engineering, &e. ee eee 460,000 
Total cost 4. see = ane £11, 960,000 
YEARLY EXPENDITURE. 
Interest of above at 4 per cent. ... £478,400 
Do, 3 per cent. sinking fund 358,800 
Amount of interest on bonded ¢ apit: al, bor- 
rowed to purchase existing waterworks, 
Ke., say a. ese . ose 250,000 
Supe rintendence and working ze xpe NSCS eee 100,000 
Total oe eee £1,187,200 
YEARLY REVENUE. 
Assuming the sale of 131 million gallons 





daily, ¢ at 6d. per 1000 gallons, for domes- 


tic and trade purposes 





£1,195,375 


Income over expenditure, say, 80002. per annum. 
OR, TAKING TOTAL CAPACITY OF PIPES. 
150 million gailons, at 6d. per 1000 £1,368,750 
Income over expenditure, say, 180,0002. per annum. 
STEAMSHIP PERFORMANCE. 

Tue fine forms of the later vessels built for t 
Peninsular and Oriental Company are s! 1 by 
hieh coeflicients, not the hiehest yet attained, bh 
the same time so high as to be worthy of ren 
The Geelong, a ship built and — ied by Me 
Denny, of Dumbarton, is 275 ft. » between per] 
diculars, 34%; ft. wide, and has a r ds r ton 
1584. Her engines are direct-acting, of 250 h 


nominal, and have 4 ft. 6 in. cylinders and 3 ft. str 

driving a four-bladed screw of 16 ft. diameter, and 
pitch inereasing from 23 ft. to 25 ft. On a recent tr 
upon a mean draught of T4ft. 34in., and with 35 


square feet of immersed midship section and a displace- 


1 


ment of 2003 tons, her engines worked at 55 revolu- 
tions and at 900 indicated horse power, and drove h 
at 11.84 knots. This gives a coefficient, by the mid 
: : V° MS : 
ship section formula, (HP =718.15, and by the dis- 
or. 


placemept formula,— IP. *=993.04. Thisisasu 
although not, pe -hapss an unprecedented 1 
instance, although one does not look for exce potliennii 
fine forms of steamships in the navy, there is one ship, 
the Perseverance, which, while it gives a higher midship 
eflicient than the Geelong, does not fall far short of 
its displacement ‘coefficient. She is 272 ft. 7 in. long, 
nd of 38 ft. 6 in. beam. With an 18ft. draught, 5004 
1are feet of immersed midship section, 2299 tons 
displacement, and engines working at 574 revolutions 
and 912 indicated horse power, she made 11.297 k 
1d gave coefficients respectively of 791.4 and 275.4. 
The Peninsular and Oriental Company are extending 
their orders still more widely than formerly. They 
how no exclusiveness against younger firms, and we 
ntion that two very fine ships of their fleet, lately 


lt 


not 
nots, 


for the first time, were made at Hartlepool, 
e, it must be admitted, some ec: apite al vessels were 
- ilt at least as long ago as the time of the blockade of 


» ports of the southern United States. 

“Of the newer ships from Hartlepool, the Malacca has 
lately acquitted herself very well in St ‘oke s Bay. Built 
and engined by Messrs. Thomas Richardson and Son 
(late Richardsons, Denton, Duck and Co., Limited), she 
measures 284 ft. between pe rpe ndiculars, and is 3444, ft. 





beam. Her register tomvage is 1683 tons, and on her 
trial she drew 18 ft. 1 in. forward, and 20 ft. 3 in. aft., 
her displacement amounting to 3170 tons, and her 
midship section 556.4 square feet. Her engines are 
rated as 300 horse power nominal. They ‘have 55 in. 
cylinders, 3 ft. stroke, and drive a three-bladed screw 
16 ft. 10 in. in diameter and 22 ft. pitch. With 28 Ib. 
steam and a vacuum of 234 in., these worked at 
614 revolutions on trial, developing 1380 indicated 
hoi Cc | rand dri ing the ship at 11.685 knots per 
hour. The ship ied 1705 ms of we ht on board 
at the time. The resulting coeflicients were 6 43. 28 by 
the midship formula, and 249.39 by the displacement 
formula. ‘The Sund 1 sister ship, pp wched this 
result, but did not perform quite well, All the 
ships appear to hav I ly wel 

A gust Onservation.—Vijsionary radicalism, though 
have the appearance of plausibility, is ridiculous in fact 
necessarily retards true progress. But the fear of some sciet 


front ranks 
4 


and mechanical journals to come squarely up to the 
bein gi roug! 


of progress in the arts, lest they lose caste by 
visionary, shows a conten np tid! ¢ lac} k of courage only —— lled by 
their ignorance of scientific principles. —A merican Arti 
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BEST FORM OF IRON-CLADS. 
To tHe Epitor or ENGINEERING. 

Sir,—The experiments with Palliser’s chilled shot, 
of which a very interesting account appeared in your 
last number, show very conclusively —what I have long 
maintained—that the ‘armour of all our existing iron- 
clads is much too thin; and the only ascertained means 
of combining thick armour with a “moderate displace- 
ment lies in the adoption of the monitor system of con- 
struction, now proved to be perfectly sea-worthy as 
well as reliable in all other respects. ‘The vis viva ofa 
shot, as is truly remarked in your last number, is partly 
expended in eh: unging the form of the shot, and partly 
in pune ching the armour. But, as in the Pallise or shot 
the form remains unchanged, the whole vis viva is ex- 
pended in pune hing the umour, and the ef 


t! c te \ ror | ae 


fect is tanta- 

mount to 

the 9} Tt @uny I L5 j a M1 a 
plate. with 18 in. ‘of teak bi sek w) 

‘shed with the Palliser —— wl hat effcct 





» not expect from the 134 inch, 15 inch, and 20 i 
uns when firing similar projectiles with from 70 to 
120 |b. of powder ? In my opinion, the side armour 
of mod m iron-c lads should not be much less than 
TR ty has .b ‘ked by tl - r fi - fee ff anak « 1} 
m. thi yacked Dy three or four feet of oak, and : 
the monitor r syste m of construction this thickness is ai- 
unable on a wey sr erve similar to that of t 
Bellerophon. The turret should be 24 in. thick, : 
hould carry two 20 ‘nel h wrought-iron guns. Such : 
n-clad. it st ¢ b 1 P= . 
m-clad, it might | irly e expected, w« i remam 
‘cure from penetration for some years. but 8 inch 


- 10 inch armour cannot be expected to keep out the 
t fired even from existing : to say nothing « 
» more powerful guns which the next few years w! 
e sure to bring forth. Why should we leave 
ing in doubt in so vital aa affair? Why should we, 
ith our knowledge of the growing power of ordnance, 
) adjust our means of resistance as to be hardly able 
to withstand even its present force? With our present 
knowledge of what guns, even of moderate size and 
with moderate charges, can do, it would be quite inex- 
‘cusable to allow ourse Ive 18 to be again taken by surprise 
in this matter; and I maintain that any thickness of 
wmour, much less than what I have specified, would 


runs, 


any- 


be futile, and should not be contemplated at this time 
e daw T y cir ; 
{ Cay. am, r, 
Your obedient Servant, 
Sept. 22, 1866. Joun Bourne. 


THE PROPER. DE PT H OF GIRDERS 

We would invite especial attention to the series of 
articles which appear, from time to time, in our pages, 
over the initials “ B. B.,” upon the proper depth of 
girders, the resistance of materials to compression, &c. 
Those who are themselves thoroughly conversant with 
the subjects treated in these articles will, upon reading 
them, sufficiently perceive what are the qualifications 
of the author; but those who refer to them for the pur- 
poses of self-instruction—and it is mainly to this end 
that they are written—may as well know that they are 
prepared by a gentleman occupying a most responsible 
position in, perhaps, the first engineering office in the 
kingdom, his principal duty being the design of bridge 
work, including the investigation of strains and the 
general analysis of fixed constructions. 


THE BELLEROP HON. 
To Tne Eptror or ENGINEERING. 

Srr,—In closing our correspondence on the Belle- 
rophon, I request the favour of your inserting the fol- 
lowing explanatory remarks : 

Ist. I disclaim all personal antagonism between 
myself and Mr. Reed. 

2nd. Mr. Bourne’s letter, though quite pertinent, is 
only palliative of the Belle srophon’ s performance. 

3rd. It was the type of the Resistance, not of the 
Hector, that I feferred to as giving the speed 15.68 
knots under the conditions set forth. 

With these explanations, the points at issue re lative 
to the Bellerophon will have been satisfactorily and, I 
hope, ust fully discussed, and I beg to thank you for 











the liberality with which you have inserted my com- 
munications. ’ 
I am, Sir, yours obediently, 
Cuan tes ATHERTON, 

London, 5, Whitehall, Sept. 25, 1866. 

Tue Froatine Dock ar St. Trtomas.—This dock, so 
fully described in our last volume, is expected to be opened by 
the end of the present year. It is 300 ft. long, 100 ft. wide, 
and contain it 3000 tons of iron. It is understood to 
have been contracted for at about 202. per ton, erected at St. 


Thomas. The company *s balance sheet shows that 62,8072. 
had been expended at the date of the last report, and further 
capital is about to be raised. 











(Serr. 28, 1866. 
tiIVER APPROACHES AT LIVERPOOL. 


For the last ten years the 7 roaches for passen- 
gers and vehicles to the river ersey, at Liverpool, 
have . been a subject of frequent cumtlendinn .by the 
Mersey Docks and Harbour Board. In February, 
1857, Mr. John B. Hartley, then engineer to the 
board, prepared three distinct plans for approaching 
the landing- stage. The first was prepared on the 
assumption that the George’s Basin should remain as it 
was. The main approach to the ferries was down 
Brunswick-street, the landing-stage being removed a 
short distance to ‘the southward. It was inte nded, by 
altering the George’s Dock, that the dock traflic should 
diverge north and south, leaving for the use of the 
ferry a'free and uninterrupted road les ading into Bruns. 
wick-street. This plan, however feasible at the time 
it was prepared, is utterly valueless now ; for the depth 
of water which could then have been had has now, 
ing to changes in the Pluckington b: nk , complete ly 
nisied. Mr. Hartley’s second plan was to dispense 
with the George’s Basin altogethe 
ferry landing-stage with the Prince 
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r, and to connect the 
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Ae mding-stz ize— 










he latter bei ing exclusively appropt riated to sea-going 
steamers—and to make the principa ? approach to both 
from the main line of dock thoroughfa: > opposite the 
old churchyard, access for foot-passengers being ob- 


Ss thrown across 


This 


ained by means of light iron foot- bride 
» street to the boundary walls of the 
vould have given the traffic to and from the landing- 
s; an open route at all ‘times, and another during 
he day, subject to tidal interruption, would have been 
open to the Mr. Hartley’s third plan—which 
; the one most approved by himself—embraced two 
pproachfes to the river—one by a road and bridge 
across the south lock of the Prince’s Dock k, vessels 
being — to pass through at certain hours 
on he the ni: the other and more important 
e by a 60 it. road, starting from the west side of 
St. George’s Church, between James-street and Red- 
cross-street, and continuing at.a raised level through a 
mass of old buildings, passing éver Strand-street at a 
height of 20 ft., and crossing the dock passage bya 
idge’descending with a fall of 1 in 47 at the north 
| of the present baths, the space at present occupied 
the southern approach to the ferry. This plan 
would have required the closing up of the George’ 
Basin. The great difficulty in regard to the river 
approaches has all along been to provide for the safety 
of foot passengers. ‘The present approaches are, for 
this purpose, about as bad as could well be contrived; 
for the main line of dock traffic is generally so crowded 
with carts, lorries, omnibuses, and. light vehicles, that 
it is a positive risk for old pe ople, and especially 


1 } leo 
in cocks. 





south. 


icht : 
adh 





$s 


females, who form the bulk“of the passenger traffic on 
the rive c during the day, to attempt to cross at certain 
times. A small foot- bridge has been lately thrown 


across the road from the old churchyard to the George’s 
Dock bridge; but it only affords temporary safety, 
and for females i¢ is utterly useless. Mr. Hartley's 
third plan has still some warm advocates at the board, 
and there can be no doubt that its adoption would 
greatly facilitate the Business of the ferries. Mr. 
Lyster, the present dock engineer, has prepared 

plan on a more elaborate scale still, which has been 
warmly spoken of, and, if it do not prove too costly, 
would, we think, mz ake the river approaches more 
complete than any of the plans yet before the council. 
Mr. Lyster, to make his proposition more intelligible, 
has prepared a model, which, when entirely finished, 
will be su bmitted to the town council and dock board 
for their approval. Mr. Lyster’s design, if carried out, 
would greatly facilitate cart and earriage traffic over 
the Mersey, by means of the ferry steamers. ‘The difli- 
culties attending the transit of goods are now very 
great; and altho ugh the pneumatic railway under the 
Merse “y will, to a great extent, be availed of by parties 
forw: ding 1 erchandise, &c., still there ean be no 
doubt that a fai amount of ‘such traflic will continue 
to be sent by the ferry boats to Birkenhead, Rock- 

ferry, Sea combe, &e. According to a tally cause x to 
be mad e, by Major Greig, of the wheeled and other 
traflic to and from the George’ s landing stage, during 
the fortnight commencing on the 31st August and end- 
ing on the 13th September, 323,844 men, 100,555 
women, 36,795 children, 15,087 carriages, 6523 carts, 


and 932 handcarts passe “d over the north br ‘idge of the 
George’s Dock; and 244,418 men, 77,956 .women, 
30,868 children, 10,535 carriages, 11,051 cart and 
1659 handearts passed over the south bridge. ‘The 

anc 


ts leading to these bridges are Water-stre¢ 
James-street, and it would appear by these figures re 
although James-street is the direct way.to the oe orge s 
ant tage, there is a preponderance of 30 | ent. 
on the foot-passenger twaflic in favour of Water-sirect 
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bridge, whilst the vehicle traffie of the James-street 
bridge is 3 per cent. over that of the other. These 
firures have inclined Mr. Lyster to the opinion that 
both routes demand equal consideration in any plan 
for improving the river approaches, and, proceeding 
on this assumption, he proposes to fill up the George’s 
Basin altogether, and to unite the George’s and Prince’s 
landing stages, dividing the Prince’s Dock by a 
roadway running through thecentre. This road would 
be a great convenience to parties residing in the north 
and north-eastern districts of the town. The main ap- 
roaches to the river would be from James-street, 
srunswick-street, Water-street, and Chapel-street ; 
but the principal stream of both foot-passenger and 
carriage traffic would be by Water-street. The chief 
approach to the ferry-stage is Ss to be carried 
through the centre of the George’s Dock, commencing 
about midway between James-street and Water-street. 
This plan, if properly carried out, would necesitate 
the removal of the Goree warehouses in order to throw 
open the large space upon which they stand, which 
would give a quay space of 115 ft. in width, in addition 
to the 62 ft. occupied by the existing sheds and dock 
railway, besides allowing 30 ft. for any new frontage 
that might be required ‘hereafter. To let Mr. Lyster 
speak for himself, he proposes “ that a stone slipway, 
“65 ft. in width, should be constructed along the 
“ central line before alluded to, flanked with masonry 
“ walls coped at a level similar to that of the adjoining 
“ quays, and amply provided with such an elaborate 
“ system of sluicing as will secure it from any danger 
“of silting up. Within this wedge-shaped groove a 
“ floating roadway would be retained, and being verte- 
“brated, as it were, in jointed lengths of 40 fb., any 
“one or more of these or the entire structure would 
“float as the tidal levels demanded. This roadway 
“vould terminate upon a floating platform recessed 
“within the line of the river wall, and joined at each 
“ extremity to the main stage by means of two road- 
“ways. The space between the inner faces of these 
‘ roadways, and by the severance of the main stage in 
“4 line coincident therewith, would leave an embay- 
“ ment leading direct from the river. It has the ad- 
“ vantage of admitting of a system of exd-on approach 
“or departure of the carriage traffic to or from the 
“ ferry-boats, which, as far as I am able to judge from 
“ experience in the working of the Portsmouth floating 
“ bridge, will be the most convenient if not the only 
“safe means of dealing with that question.” Mr. 
Lyster further recommends the embayment, on the 
ground that the carriage traffic can thus be kept more 
distinct from the passenger traflic than if the stage was 
retained in its original form, as there would then be no 
boyndary between them; but by the new plan the 
inclined roadway could be appropriated solely to car- 
riage trafic, as the bridge accommodation is so ample 
that foot-passengers could easily find their way to any 
part of the stage without using the carriage-way. 
“In addition to the main centre approach, there would 
“ he five. other bridge-ways leading towards the stage, 
“and four bridges spanning on it from the quay, viz., 
“ of the former, one between Chapel-street and Water- 
“street, as at present, two abreast of Brunswick- 
“street, one opposite James-street, and one on the 
“north side of Canning Dock, abreast of Redcross- 
“ street, each of these leading into capacious roadways 
“clear of the quay margins, and affording ample 
“ capacity for greatly increased traffic.” The new stage 
would be about 1800 ft. in length, and, in addition, 
there would be a raised promenade, which would be of 
great advantage to the town, and greatly improve the 
appearance of the river. 
ee 
RECENT PATENTS. 

Tux following specifications are all for the year 1866, 
and the year should be given in ordering them at the 
annexed prices from the Great Seal Patent Office, 
Chancery-lane. 

(No. 108, 7s.) J. M. Napier, of York-road, Lam- 
beth, patents apparatus for “ reducing to weight,” for 
the purposes of assaying. The specitication is aecom- 
panied by no less than twelve large sheets of drawings, 
quite beyond any brief description. , 

(No. 109, 6d. R. J. Sutton, of Rochester, U.S., 
patents a drying-tower for grain. It has a central air- 
Shaft, and the grain is to fall from the top upon a 
Series of floors, with revolving rakes working over them. 
The opening for the grain to fall through one floor is 
next tothe central shaft, while that of the floor beneath 
1s next the side of the tower, and so on. Currents of 
air are to be kept up through the grain as it falls. 

(No. 112, 6d.) H. A. Dufrene, of Paris, patents a 
small brick press for pressing one brick at 4 time in a 
single mould. We sce nothing new in the principle. 





(No. 114, 4d.) W. R. Lake, of 8, Southampton- 
buildings, Chancery-lane, patents paper carpets. 

(No. 115, 8d.) Norman Willis Wheeler, of Brooklyn, 
New York, patents an arrangement of refrigerating ap- 
paratus which can be used as a surface condenser for 
steam-engines, or for the purpose of cooling liquids. 
As arranged for a surface condenser, the apparatus 
consists of two concentric cylinders, one within the 
other, the steam being admitted into the space between 
them, and the condensing water being distributed over 
the upper part of the inner surface of the inside cylin- 
der by a kind of Barker’s mill. The idea is, that the 
water will maintain a rotary motion whilst flowing 
down the sides of the cylinder, and that thus, by 
the action of centrifugal force, the cooler and denser 
articles will be kept in contact with the surface to 
& cooled. 

(No. 118, 1s. 8d.) Gadd and Moore, of Notting- 
ham, patent looms to weave two pieces at once. We 
noticed a like invention a few weeks ago. 

(No. 122, 8d.) C. G. Johnson, of Stockton, 
patents a pug mill for clay. The case is contracted 
near the alionsy end, and the clay is forced out at the 
side. This is the alleged novelty, but it is not new. 

(No. 137, 6d.) Edmund Mortimer Boxer (the well- 
known Colonel Boxer), of the Royal Arsenal, Wool- 
wich, patents cartridges having cases made of metal 
coils, this mode of construction allowing them to ex- 
pand to fit the bore of the gun, and to contract after 
the explosion of the powder, so that they can be readily 
removed. These cartridges have been frequently 
spoken of lately in connexion with the Snider-Enfield 
breech-loader. 

(No. 189, 8d.) Cornelius Moriarty, of Greenwich, 
yatents the making of boiler-tube brushes or cleaners, 
“ binding the bristles between two pairs of stout 
wires laid helically—or, as some would say, spirally. 

(No. 140, 2s. 4d.) Carl Heinrich Roeckner, of 
Hurstbourne Paper Mills, near Whitchurch, patents a 
machine which is intended as a substitute for the 
ordinary “ beater” employed for making paper pulp. 
The machine consists of a cylindrical or conical vessel, 
roughened inside, and within which there revolves a 
number of radial plates fixed ® a central shaft. A 
number of these plates are the full length of the 
vessel, others placed between are about one-fourth 
shorter, whilst between these again there are others 
still shorter, and so on. The material to be reduced 
to pulp is introduced at one end of the vessel, and is 
first acted upon by the longer plates, and then by those 
which are shorter mp ad the pulp flowing out 
at the other end. 

(No. 141, 1s. 10d.) Muir and MclIlwham, of Glas- 
gow, patent a winding machine for winding yarn upon 
spools or pirns. ‘It is constructed 'so that, it one thread 
breaks, the spindle on which it is bemg wound is 
stopped without stopping the whole machine. 

(No. 148, 10d.) Cherry, Crossley and Bower, of 
Halifax, patent so placing the seams of steam bdilers 
that they shall not form continuous lines around the 
shell. The arrangement of the plates is such that the 
corners overlap several inches, in addition to the lap of 
the edges. 

(No. 149, 10d.) William Lyne, of Sandhurst, patents 
lofty signal-posts every quarter of a mile or so along 
a railway. A ladder, orits equivalent, is to be made 
to the top of a hollow fixed post, within which is a 
pole which may be raised to a further height. When 
a train breaks down, the guard is to run to the nearest 
pole, fly up the ladder, attach a danger flag or lamp to 
the movete pole, and then hoist the latter to its full 
height. This is to serve as a warning to approaching 
trains. 

(No. 152, 1s. 4d.) W. Agar, of Southampton- 
buildings, Chancery-lane, patents a cannon, with 
revolving multi-chambers, as in Colt’s revolver, and 
with the further addition of a large hopper to supply 
cartridges by the hundred or so, a very complete 
system of levers, catches, eccentrics, springs, &c., 
being employed to work the piece. It strikes us that 
it might be driven by a steam-engine. 

(No. 160, 8d.) Feathers and Luty, of Burnley, 
patent a mode of taking up oil to lubricate the fixed 
spindles of cap throstles. An open oil-cup is placed 
in the spindle rail, one for each spindle, and as the 
lifter rail goes up it takes with it a Relical wire, or s0- 
called “ spiral spring,” surrounding the spindle. This 
wire, when down, is immersed in the oil, and takes a 
small quantity of oil with it as it goes up. 

(No. 166, ls. 4d.) D. Adamson, of Hyde, Cheshire, 
patents vertical boilers. ‘Two or more separate fire- 
oxes, with their tubes; are to be formed within the 
same shell. Where the tubes go through the steam 
space, they are to be enamelled to prevent corrosion. 

(No. 168, 10d.) George Spencer, of 6, Cannon- 
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street, patents discs and plates for vulcanised india- 
rubber springs, so formed that the spring cannot bulge 
outwards beyond a certain extent without . being 
stopped by a metal ring, nor can it be compressed be- 
yond a certain extent without bringing the disc rings 
together, iron to iron. 

(No. 172, 2s. 8d.) William Sumner, of Manchester, 
patents the mounting of foundry crucibles upon trun- 
nions, and running them upon trucks along the foundry 


floor. The halves of the moulds are to open upon 
hinges. 
(No. 175,10d.) Shekelton and Gibson, of Dundalk, 


peewt force and lift pumps, of which the piston has a 
arge piston-rod, or trunk, on the upper side, so as to 
leave an annular space for the water. The weight of 
the piston is to carry it down, and steam is to be let 
directly upon its under side to foree it up! We pre- 
sume that the patentees are not engineers. 

(No. 186, 8d.) G. 'T. Bousfield, of Loughborough- 
park, Brixton, patents a machine for graining, in imita- 
tion of oak, &c. 

No. 190, 1s. 4d.) William E. Gedge, of 23, South- 
ampton-buildings, patents, as a communication from 
Léonard Goursseau, of Paris, an arrangement of float- 
ing dock. According to this plan, the floating power of 
the dock is obtained by means of a number of wrought- 
iron tubes closed at one end, and arranged side by side 
at the bottom under the floor. Each of these tubes is 
furnished with a piston, which can be moved within it 
by means of chains; and by drawing these pistons 
towards the open ends of the tubes, the water is ex- 
pelled from them, and the dock consequently made to 
rise. 

(No. 194, 10d.) Captain W. K. Hall, R.N., Sheer- 
ness, patents the application of large conical water 
tubes—Galloway’s tubes they are—to marine boilers. 

(No. 197, 8d.) 8. F. Allen, of Chicago, U.S., 
patents the intercepting of a portion of the waste steam 
in locomotive blast pipes, and utilising it in a tubular 
feed-water heater oaike the boiler. The principle is 
the same as in Mr. Beattie’s feed-water heater. 

(No. 198, 8d.) C. W. Orford, of King’s Norton, 
Worcester, patents a hydropult, or garden-engine, in 
which the did idea of an air-vessel surrounding the 
barrel of the pump is adopted. 

No. 201, 10d.) Dearden and Holden, of Bolton, 
patent improvements in the doffing and delivering 
apparatus of carding engines. 

(No. 202, 8d.) William Jeffries, of West Brom- 
wich, patents forming the bottoms of puddling furnaces 
of brick or stone, with longitudinal air spaces through 
them to cool them. 

(No. 211, 10d.) Walker and Pflaum, of Leeds, 
patent the application of a long-stroke hydraulic 

lunger or ram to the working of travelling cranes. 

t is an adaptation of Sir William Armstrong’s system 
of hydraulic machinery. The ram cylinder and pumps 
are fitted to the crane. 

(No. 218, 10d.) Thomas Prideaux, a hotel-keeper 
of Sheffield, patents the use of a feed-water heater in 
connexion with a high-pressure engine. Mr. Prideaux 
is clearly unaware that such things have ever been used. 

(No. 220, 1s. 2d.) William Brookes, of 62, Chancery- 
lane, patents a “mechanical motion,” consisting of a 
scroll toothed wheel, with the teeth formed upon the 
flat face of a nearly circular plate. The row of teeth, 
commencing near the centre, forms a volute to the 
circumference ; and the pinion is made to follow this 
row, and thus to have an increasing or diminishing 
velocity, according to the direction in which the wheel 
is turned, 








IRON PERMANENT WAY. 

THERE are very many cases in which a permanent way con- 
structed entirely of iron can be advantageously substituted for 
one in which wooden sleepers are employed, and indeed under 
some circumstances, as, for instance, in hot climates, it is abso- 
lutely necessary that the use of timber should be avoided as far 
as possible. The consequence has been that from time to time 
a number of different arrangements have been proposed and 
more or less extensively tried with various degrees of success, 
Amongst those which have given good results is the system of 
iron permanent way introduced by Messrs. C. de Bergue and Co., 
which has been largely used in Spain, and has also been applield 
in this country on the South Wales line, whilst about half a mie 
of it is now being laid on the London, Chatham, and Dover 
Railway, near the Victoria-bridge at Battersea. 

Originally the sleepers used by Messrs de Bergue in the con- 
struction of their permanent way were flat on the under side, but 
they now employ the form shown in the accompanying engrav- 
ing. From this it will be seen that each sleeper consists of a 
disc, dished downwards in the centre and strengthened by an 
annular rib cast on the upper side. This rib has recesses formed 
in it in which the rail rests, the shape of the recesses being such 
that the correct cant is given to the rail without any packing or 
other adjustment. When used in connexion with a flat-footed 
rail, the latter is fastened to each sleeper by a clip which rests 
upon the bottom flange at the inner siae, and is held down by a 
bolt passing through the sleeper, no holes being pierced in the 
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rail. Every other pair of sleepers are held together by a flat 
iron tie bar, this having two notches cut in its upper edge, which 
fit on to corresponding ribs on the under side of the sleeper. In 
order to avoid any inaccuracy in the gauge of the line, the two 
notches in these tie bars are punched simultaneously by two 
punches arranged at the proper distance apart, and by this 
means perfect accuracy is insured and the work can be turned 
out very quickly. In the case of the sleepers which are fitted 
with tie bars, the bolts which hold the rail clips are made with 
eyes at their lower ends, and through these eyes the tie bars are 

ssed, so that one bolt serves to secure both the clip and tie 

r to each sleeper. In cases where double-headed rails are 
employed the same general arrangement of clip is used, but the 
shape of the latter is slightly varied to suit the different section, 
and it is applied to the outer, instead of the inner side of the rail 

For the purpose of laying their system of permanent way 
quickly and accurately, Messrs C.de Bergue and Co. have 
introduced the arrangement which we illustrate in our engrav- 
ings. This machine consists of a kind of sledge formed of two 
wooden sides about 21 ft. long, shod with iron, and connected by 
a bracing of angle-irons and flat bars, as shown in the plan. 
Upon the tops of the sides of the — are placed a series of 
castings into which the under sides of the sleepers fit, and at 
one end the sides are carried up so as to form a gauge against 
which the ends of the rails can be placed. The method of 
laying the road by the aid of this sledge is very simple. The 
tie bars with their bolts are first dropped into the notches pro- 
vided in every other pair of castings to receive them, and each 
casting is then surmounted by a sleeper. Upon these the two 
lengths of rail are laid and secured to the sleepers by clips in 
the manner which we have already pond By proceed- 
ing in this manner, there is formed a complete section of the 

rmanent way of the length of the rails, and this section is then 
Fifted off the sledge by means of four Weston’s pulleys car- 
ried by four light angle-iron frames, placed one near each corner 
of the sledge. As will be seen by the end elevation in our illus- 








tration, the lower pulleys of the two sets at each end of the 
sledge are connected by a crossbar, and from each of these bars 
there depends two hooks which catch hold of the rails. When 
the permanent way has, by means of the pulleys, been raised clear 
of the sledge, the latter is withdrawn, and the rails and sleepers 
lowered to their proper place on the ground, leaving the sledge 
free to receive another section of the permanent way. Where 
there is a good formation to work upon, the use of this sledge 
greatly facilitates the laying of the way,and enables it to be 
put down very rapidly. The castings on the sides of the sledge 
at once give the correct pitch for the sleepers and the proper 
positions for the various parts, so that the construction of the 
permanent way is rendered uniform throughout. 

The packing of the sleepers is effected by a pick in the 
ordinary way, their shape enabling this to be done even more 
readily than in the case of the common wooden sleepers. The 
facility which the form of the sleepers gives for packing is, in- 
deed, one of the most important features in the system, as it 
greatly reduces the cost of keeping the road in good order. The 
shape of the sleepers also enables them to be cast with facility, 
and makes them well adapted for stowage. The flat-bottomed 
sleepers, first employed by Messrs. de Bergue, have been in use 
in Spain for a length of 34 miles, between Barcelona and 
Martorell, since the year 1853; and for a length of 10 miles, on 
the line from Almansa towards Venta de la Encina, since 1858. 
The same kind of sleepers are also in use for a length of 40 miles 
on the line from Valentia towards Tarragona, a portion of the 
road which was opened for traffic in 1863; and, since the date 
last mentioned, a further length of 137 miles has been laid on 
the same line, and has been in use eighteen months. On the 
South Wales Railway a length of one mile, near Llanelly, is laid 
according to Messrs. de Bergue’s first system, and has now been 
in use seven years. According to the reports of Sir Charles Fox 
and the engineer, Mr. Owen, on this piece of line, the system has 
answered admirably, and the cost of Leaping it up has been very 
slight. The sleepers are in this case laid upon ballast formed of 





dry hard clinkers from the cinder heaps of the copper works. 
These clinkers are not too large in size, and are well drained, and 
upon them the iron sleepers are found to make an excellent road. 

The new form of dished sleepers, which appear to be a decided 
improvement upon those before used, have been laid in Spain 
for a length of thirteen miles on the line from Anduja towards 
the north, which belongs to the Madrid, Alicante, and Tarra- 
gonza Railway. This length has been laid about sixteen months. 
As we have already stated, a trial length of about half a mile is 
now being laid on the London, Chatham, and Dover Railway, 
near the Victoria-bridge, and in this case the sleepers, which 
are placed at an average pitch of 2 ft. 9 in. between centres, are 
1 ft. 9 in. in diameter, and have consequently each a bearing 
surface of 2.4 square feet. They are being used in connexion 
with flat-footed steel rails rolled by Messrs. John Brown and Co., 
these rails being 44 in. deep by 5 in. wide at the bottom flange 
and weighing 72 lb. per yard. They are made in 22 ft. length, 
The total number and weight of the oe forming a mile o 
Messrs. de Bergue’s permanent way as being laid on the London 
Chatham and Dover Railway is as follows: 
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PICKERING’S GOVERNOR. 
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Te governor, which we herewith illustrate, is one patented 
by Mr. Thomas R. Pickering, of New York, and which been 
very extensively introduced. in the United States, not only on 
account of its ee but also because of its quickness of 
action. Light steel springs, made up of two or more plates of 
great flexibility, are employed instead of jointed arms, and the 
vertical motion of the equilibrium throttle-valve is caused by 
their deflexion and their return to their original form. 

The general appearance of the governor will be seen from the 
perspective view which accompanies this notice, whilst its con- 
structive details are shown by the other figures, of which Fig. 1 
is a vertical section, Fig. 2 a horizontal section on the line, x 2, 
and Fig. 3 a similar section on the line, yy. The governor is 
ys upon the top of a valve-box containing a valve which 
will be described presently. The central tubular spindle, A, of 
the governor is screwed into the base, B, and is fitted freely with 
two sleeves, C and D. The upper sleeve, C, is free to move 
lengthways upon the spindle; but the lower sleeve, D, although 
free to revolve, is confined ~ yy between the bottom of an 
cil-cup, a, formed in the top of the support, B, and the under- 
side, a, of a collar, 6, which is secured to the spindle, A, by 
means of a set screw, c. 

The lower sleeve, D, has a screw thread, d, cut on the outside, 
and upon it is placed a collar, E, which is screwed close up 
against the shoulder, e, on the sleeve. Against the under eide of 
the collar, E, is screwed the bevel wheel, F, which receives its 
Motion from another bevel wheel, F', fixed upon a shaft, F?, 
which also carries the belt pulleys. ‘The upper sleeve, C, also 
has a screw thread formed upon its exterior, as shown at f, and 
i se this is screwed the collar, G, which rests against the 

der, g, on the sleeve. Above the collar there is also screwed 
on the sleeve the cap, h, this cap acting as a check nut, as well 
as fulfilling another purpose which will be described presently. 

As we have already stated, the chief peculiarity of the 
governor consists in the balls being carried by a series of springs 
ee of thin laminz instead of by the usual jointed levers, the 
orm of the springs being such that they tend to assume the 
normal position shown in Fig. 1, or, in other words, to close the 
balls. ‘The steel of which the springs are composed is similar to 
that used for clock springs, and is of various widths, according to 
a size of the governor, three laminz being generally employed. 

the case of the governors first made, the springs were shaped 
° an arc of a circle; but it was found that, when made of this 
— the plates buckled and se from each other when 
aan was in action. This defect is now completely 

— by auaes the springs to a couple of reverse curves, as 
Shown in the figures, those of each spring which are 
secured in the collars, E and G, and in the bali, L being held 
| cage to the central spindle. The springs, S, are secured to 

‘ 4 - — G, in iadeeny ey manner. Each collar has 
recesses, #, cut in its perip' as shown in Fig. 3) to receive 
the springs, which are placed ta these notches on Da by the 
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small tapped bolts, 7. Rings, J, having recesses, %, formed on 
their inner sides opposite the heads of the screws, 7, are then 
driven tightly over the collars, E, G, and the spaces, p, outside 
the springs are run in with soft metal or alloy, which keeps 
the screws, j, from slacking back, and, by filling in the recesses, 
k, holds the rings, J, in their places. 

The balls, 1 I, are each divided in a central plane into two 
equal parts, 2, m, the inner parts, 7, being ved vertically, as 
shown at n n, in Fig. 2, for the reception of the springs. These 
parts, 4, have firmly secured in them central screw studs, 0, 
which pass through holes drilled through’ the’ springs at the 
middle of their length; and the outer parts, m, which are 
drilled and tapped to fit these screw studs, are screwed thereon 
close up to the springs, these being thus clamped firmly between 
the two parts, 7 and m, of the balls, The springs, S S, being 
clamped in this manner at their ends and at the middle of their 
length, have their terminal and central pm always kept 
straight and parallel with the axis of the governor, whatever 
their degree of flexure, and in their flexure two curves are 
formed between their straight central and terminal portions, the 
inward curvature next the straight terminal portion of the outer 
leaf of each spring being of less radius than the correspondin 
curvature of the corresponding portion of the inner leaf, oat 
the outward curvature next the central straight portion of 
the outer leaf being of greater radius than the corres- 
ponding portion of the inner leaf. The differences of the cur- 
vatures of the leaves of each spring thus compensate for each 
other and obviate the buckling of the leaves, which remain 
in close contact with each other throughout their whole length 
under all circumstances, notwithstanding that no play is left at 
the ends of the leaves, as in ordinary elliptic and other springs 
com of two or more leaves. 

The valve-box, on which the governor stands, and which is not 
shown in the section, Fig. 1, contains an equilibrium valve of 
very simple construction. The valve consists merely of a short 
tube, fitted to slide easily, but nearly or quite steam-tight, in 
the vertical bore of the valve-box. This tubular valve is per- 
forated around its lower part, and it will thus be seen that 
when it is raised so that these perforations come opposite the 
chamber in the valve-box, with which the branch is connected, 
there is a free communication between the latter and the verti- 
cal bore. When the valve is lowered, onthe contrary, the plain 

rt of the valve is brought opposite the chamber, the per- 
‘orated portion being forced into the lower part of the vertical 
bore, and the communication through the valve-box is thus 
closed. The valve is connected to the governor by means of a 
light rod, v, which through a stuffing-box at the top of 
the vertical bore of the valve-box, and then up through the 
tubular spindle, A. At the of the rod, v, are placed a pair 
of lock-nuts, and above and below these are a number of steel 
washers, those above bearing against the cup, h, and those 
below aguinst the sleeve, C, and it will thus be seen that any 
vertical movement given to the sleeve must necessarily be com- 
municated to the rod, v, and by it to the valve. 

The action of the governor will be readily understood from 
the above description of its parts. When the spindle is caused 
to revolve, the balls, of course, fly out through the action of 
centrifugal force, and in so oh bend the springs and 
draw down the upper sleeve, C, this sleeve communicating its 
motion to the valve in the manner just explained, and (as this 
valve is placed on the line of the steam-pipe) regulating the 
speed of the engine to which the governor is attached. When 





the speed of rotation decreases, the spri tending to assume 

heir mat shape, draw in the balls and, at the same time, 

raise the sleeve, C, and with it the valve, thus increasing the 

opening for the passage of steam. The outward motion of the 

balls is controlled by the Lee. L, which prevent the springs 
beyond the 


from being deflec it m to entirely close 
the valve, and thus prevent them from being subjected to 
unnecessary strain. ey also prevent the balls from flying off 


in the event of an accident happening to any of the springs. 
The guards, which are attached to the balls themselves, are 
each formed of a loop of stout wire of suitable length bent 
round the spindle, A, in the form of a staple, and having its 
ends inserted into holes formed in the inner half of the ball to 
which it belongs, and rivetted over. 








AMERICAN STEAM-JET PUMP. 

An application of the induced current, occasioned by a jet of 
steam, is now employed in America, under the name of a 
“ steam syphon,” for raising and forcing water, This mode of 
raising water had long been the subject of experiment before 
Giffard produced his Injector, and dates at least from 1818, 
when the Marquis Manoury d'Ectot made it the subject of a 

tent, the French specification of which is remarkable for its 
ulness of illustration and description. Nicholson, in 1806, had 
pointed out also a mode of applying the steam jet to the forcing 
of water, and Mr. Danchell Eugene Bourdon and others, 
besides Giffard, have in more recent times endeavoured to make 
the steam-jet pump commercially successful. The American 
Artisan gives an illustration and description of one of 
this class of “E jectors,” or ‘‘ steam syphons,” now in use in 
New York, and of which we some months ago heard some- 
thing also through private sources. ‘This “syphon,” as 
patented in the States and in England by Mr. Lansdell, is 
shown in the illustrations, Fig. 2 being a section of the re- 
ceiving-chamber, steam-nozzle and water-inlet, and discharge- 
passages. A is the chamber of globular form, with the steam- 








jet pipe, B, oouing & at the centre of the bottom, and havin 
the delivery or disc wpe pipe, E, connected with the inve 
cone, D, at the top. The water-inlet pipes, C, of which there 
may be two or more, are arranged on opposite sides of, or 
around, the steam-pipe, B, in such manner as to deliver the 
water almost directly upward into the chamber, A; and as the 
steam-pipe is between or in the centre of them, it offers no 
obstruction to the inlet currents, which are therefore unbroken. 
The direction of the steam-jet and of the currents of water are 
indicated by arrows. The several currents meet and form one 
unbroken column in the cone, D. 

The journal already quoted states that ‘ one of Mr. Lansdell’s 
steam syphons was recently tried at the Brooklyn Navy-yard, 
under the direction of a board of naval engineers, who reported 
that it raised in a given time 41.7 per cent. more water than 
one of the best steam-piston pumps, having the same area of 
discharge; that in doing so it consumed 48 per cent. more coal, 
aud that, therefore, in point of economy, the two kinds of 
pumps were nearly equal; but they considered the syphon 
pump has superiority in the large bodies of water it can dis- 
charge in a given time, in its cost, in its occupying less room in 
a vessel, in its certainty of action and uni simplicity, there 
being no valves nor pistons to get deranged or choked by chips or 
dirt. The report concluded with a recommendation of the 
adoption of the syphon pump for relieving the holds of vessels 
from bilge water, and for discharging ashes from fire-rooms.” 
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STRENGTH OF CAST-IRON PILLARS. 
Mr, James B. Francis, an American engineer, well 
known by reputation in England as the author of 
** Lowell Hydraulic Experiments,” has recently pre 
pared a series of tables* of the safe load of cylindrical 
vast-iron pillars, of both solid and hollow sections, and 
of lengths from 8 ft. to 30 ft., the thicknesses of the 
hollow columns progressing by eighths of an inch, from 
#in. to 2in., and the diameters by quarters of an inch, 
from 2in, to 10in. Mr. Francis has prepared 
tables from Hodgkinson’s formule, and he 
assumed that all ordinary cast-iron pillars, the ends of 
which are not accurately faced up in a lathe, are equal 
in strength only to pillars with rounded ends, in other 
words, that their strength is but one-third that of 
pillars with flat ends, and he has taken the safe load a 
one-fifth of the breaking weig! to a pilla 
with rounded ends, or as one-lift hat of 
of the same dimensions with flat ends. The k 
given in American tons of 2000 lb., w] lessens the 
convenience of the tables reference in English 
practice, although it may be that the assumption that 
all ordinary cast-iron pillars are to be treated 
having rounded ends practically gives at least such 
an excess of strength that the tons of 2000]b. may 
safely be taken as tons of 2240lb. “Mr. Francis gives 
the safe load for a pillar 16 ft. high, 6in. in external 
diameter, and lin. thick, as 13,12 of 2000 lb. 
each, or, say, 11.71 English tons, which must strike 
engineers here as a moderate load, unless they are in 
the habit of working from Tredgold’s formula, which 
gives results much too high for long columns of sma! 
diameter, and results below the safe strength for large 
proportionate diameters. The error, in the latter case, 
is on the safe side, but it is still contrary to the real 
principles governing the strength of columns. Thus, 
we will compare Mr. Francis’s loads (in tons of 
2240 lb.) with those given in the pocket-books, still 
compiled from Tredgold. 
Hollow Cylindrical Columns, 10 ft. long. 
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If we refer to Mr. Sheild’s paper, published a few 
years since, we find that he considers that a hollow 
column of from 20 to 24 diameters in length and ? in. 
thick or upwards, may bear 2 tons per square inch of 
section, while, if } in. thick, it will bear but 14 tons 
ver square inch. Fora 10 ft. column, as above, 6 in. 
in diameter, the safe load would thus be for the follow- 
ing thicknesses as under: 

In. 





Tons. 
eee 24.75 

eee eee ove 31.4 
It need hardly be pointed out that the strength of 
cast-iron pillars cannot increase in this irregular ratio 
of their thickness. 

We shall here transcribe a portion of the remarks 
with which Mr. Francis prefaces his tables. 

Until the year 1840 the Js rule in common use for comput- 
ing the strength of cast-iron pillars was that given by Tredgold, 
in his essay on the strength of cast iron and other metals. This 
rule was not founded on experiments made on pillars, or on 
sound theoretical principles; fortunately, however, in its appli- 
cation to cases where great weights were to be supported, the 
errors were on the safe side. Profound theoretical investigations 
have been made by Euler and others on the resistance of pillars 
to incipient flexure ; the results are valuable, but are not directly 
available for the wants of practice. 

In the year 1840, Mr. Hodgkinson, of Manchester, presented 
to the Royal Society his first paper on the strength of cast-iron 
unt of laborate series of experi- 


an ei 
the expense of William Fair- 
le data for determining 
ig weights of solid and 


pillars. It contains an acc 
ments, on a large scale, made 
bairn, of Manchester, and af 

the formulas for computing the t 
hollow cylindrical pillars of cast iron, and of ordinary dimension 
The formula determined by Hodgkinson from these experin 
for hollow cylindrical cast-iron pillars, the lengtlis being not 
than thirty times the external diameters, and the ends bei 
flat, that is to say, with the ends finished in planes perpendicular 
to the axis, the weight being uniformly distributed on these 
planes, is 


ps: 
W=99,318 


5 gf 3-55 


qe? ’ (1) 
n which 
W=the breaking weight, in pounds. 
D=the external diameter, in inches. 
d=the internal diameter, in inches. 
i=the length in feet. 


* Triibner and Co,, Paternoster-row. 








When the pillars were shorter than thirty external diameters, 
it was found that they would break with less weight than is 
given by formula (1). In a long pillar the pressure tends to 
break it by crushing as well as by flexure, but it fails from 
flexure with a weight which is too small to sensibly affect it by 
crushing alone. In a short pillar, on the other hand, the weight 
required to break it by flexure is so great that the crushing 
effect becomes sensible, and it fails from the joint effects of the 
force. It was found by experiment that the effect of the crush- 
ing force became sensible when the pillars with flat ends were 
shorter than thirty times the external diameter, and the formula 
ven by Hodgkinson for the breaking weight of such pillars is 


(A) 


ral 
g 


in which 
W =the breaking weight by formula (1). 
W’=the breaking weight for the combined effects of flexure and 
crushing. 
c =the weight which would crush the pillar without flexure, 
which Hodgkinson finds. for Low Moor iron, No. 3, is 
109,801 pounds per square inch of section; conse- 
quently, 
c=109,801 x} (D?—d?). 
Substituting the value of ¢ in (A), and reducing, we have 
an ee 
nk nt @) 
W+64678 (D*—d*) 

Numerous experiments were also made on pillars with the 
ends rounded, so that the weights bore on the axis. Most of 
these experiments were made on solid pillars; the hollow ones 
had hemispherical caps fitted on the ends. It was found that 
their breaking weight was about one-third that of pillars of the 
same dimensions with flat ends. Some experiments were made 
on pillars with one end flat and the other end rounded; their 
breaking weight was about two-thirds that of pillars of the same 
dimensions with both ends flat. | 

Hodgkinson determined separate formulas for the breaking | 
weights of both solid and hollow cast-iron pillars, with flat ends | 
and also with rounded ends; for Sete purposes, however, 
formulas (1) and (2) are sufficient, recollecting that in a solid 
pillar d=0, and that the breaking weight.of a pillar with 
rounded ends is one-third of that given by formulas (1) and (2). 
The breaking weight of pillars with rounded ends is so much 
less than that of pillars with flat ends, that Hodgkinson did not | 
find the crushing effect sensible in pillars with rounded ends 
when longer than fifteen external diameters; consequently, one- 
third the value of W’, as given by formula (2), will be less than 
the true breaking weight, wagen the formula is applied to pillars 
with rounded ends of lengths between fifteen and thirty diameters. | 
For simplicity, however, I propose to adopt thirty diameters as | 
the limit between formulas (1) and (2), whether the ends are | 
flat or rounded. The errors resulting will be on the side of 
security, and in ordinary cases, not being large, may be neg- 
lected. In a solid pillar with rounded ends, 10 ft. long and 8 in. 
in diameter, the computed breaking weight is about one-fourth 
too small. 

Two experiments were made by Hodgkinson on pillars with 
the pressure applied at intermediate points, between the centre | 
and circumference. When the pressure was applied parallel to 
the axis, and half-way between the axis and one side, the break- 
ing weight was about 54 per cent. of the breaking weight of a 
pillar of the same dimensions with the ends rounded, so that 
the pressure was applied at the axis. In another experiment, 
the pressure was applied at one-eighth of the diameter from one 
side; in this case, the breaking weight was about 61 per cent. 
of that of a pillar of the same dimensions with rounded ends, In 
two experiments the pressure was applied in the direction of a 
diagonal; in both cases the breaking weight was nearly the 
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* In computing the breaking weights of a series of pillars, in 
order to preserve continuity in the results obtained by formulas 
(1) and (2), it is necessary at the point were one formula is sub- | 
stituted for the other that we should have 

W=aW's 
point 


consequently, at this 
all (D?-—d 


y=W+64678 (D°—d?). 
Snbstit uting the vz 
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| pillar of the same weight. 





lue of W in (1), and reducin 


9.88 1 
. D3-55 
1=2.456 ( a i>. 
a 
Hars, in which | 


nfining ourselves to solid pil 
his value in the last equation, 
» 10-91 


— q3+s5 


For simplicity, ¢ 
d = O, we have, by substituting t 
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in feet, of a solid pillar of the | 


the length, i 
for which formulas (1) and (2) give the | 


i, in this formula, i 
diameter D, in inches 
same breaking weight. 
When D 

~~ = ” 

, 10.6240 ,, 

» D=10. + . = 19.9630 ,, 3 

The substitution of formula (2) for forme 
less than 30 diameters, is for the purpose of diminishing the com- 
puted breaking weights to conform to the diminished strength of 
such pillars, on account of the crushing effects of the weights; but 
in all solid irs of more than 0.821lin. in diameter there are 
certain lengths in which the substitution of formula (2) for (1) has | 
the contrars thus, in a pillar 5in. in diameter, for 

neths t ameters and 30 diameters, » br 
mula (2) exceed those comy 
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| at Shadwell! 


same as for pillars of the same dimensions with rounded ends 
A few experiments were also made on pillars with rounded ends, 
and other forms than cylindrical. Square pillars had an average 
breaking weight about 58 per cent. greater than cylindrical 
pillars of diameters equal to the sides of the squares. The 
square pillars generally failed in the direction of the diagonals, 
A pillar of the section +, 90.75 in. long, 3in. across, and the 
ribs 0.48 in. thick, had a breaking weight 63 per cent. greater 
than the computed breaking weight of a solid cylindrical pillar 
of the same weight and length. A hollow cylindrical pillar of 
the same weight and length, and of an external diameter equal 
to the width of the +, has a computed breaking weight about 
double that found by experiment for the form +. A pillar of 
the section H, 3 in. in height and 2.5in. in width, of the same 
length and nearly the same sectional area as the preceding, had 
a breaking weight about 2.6 times the computed breaking weight 
of a solid cylindrical pillar of the same weight and length. A 
hollow pillar, 3 in. in external diameter, and of the same weight 
and length, has a computed breaking weight about 19 per cent. 
greater than was found by experiment for the pillar of H section. 

Several pillars, larger in the middle than at the ends, were 
tested for the purpose of determining the most economical form; 
the experiments were not sufficiently numerous or varied to 
permit any definite conclusions to be drawn. It would appear, 
however, that in pillars with rounded ends there is a distinct 
advantage in making them somewhat larger in the middle than 
at the ends; that is to say, a pillar may be made of this form 
which would have a breaking weight greater than a cylindrical 
In pillars with flat ends there is less 
advantage in departing from the cylindrical form. Hodgkinson 
observed that pillars with rounded ends generally broke at the 
middle only; pillars with flat ends generally broke in three 
places, at the middle and near each end. 

In 1856, Hodgkinson presented a second paper, on the strength 
of cast-iron pillars, to the Royal Society. Its special subject is 
the strength of pillars cast from iron from various parts ot Great 
Britain. The experiments were made at University College, 
London, with a larger and more powerful apparatus than that 
which he previously used at Manchester. ‘The pillars tested 


1S 


! ” 
were longer and larger, and the results reported afford the means 


of testing, in a very satisfactosy manner, the formulas previously 
determined. The earlier experiments were undertaken for the 


| purpose of determining the laws according to which the break- 


lng weights of pillars depended upon their dimensions. For this 
purpose, it was necessary to adhere to one description of iron. 
A Yorkshire iron, Low Moor, No. 3, was selected, which is de- 
scribed as a good iron, not very hard. The formulas were satis- 


factorily determined for this iron, but there was some risk in 


applying them to pillars cast from other descriptions of iron, 
without further experiments. In the second paper, experi- 
ments are described on pillars cast from thirteen kinds of 
iron,—two of them being mixtures. These experiments, while 
they showed a considerable range, gave from 8 to 9 per cent. 
more strength than was computed by the formulas of 1840. 

In his second paper, Hodgkinson also describes a few experi- 
ments on square pillars, and on pillars with the section of an 
equilateral triangle; these were compared with cylindrical 
pillars ; two of each pattern were tested, all being cast from the 
same kind of iron, and were of the same length and nearly the 
same weights. The relative strengths, reduced to the same 
weights, were as follows: 

Cylindrical pillar, 1 
Square 
Triangular 


00. 
93. 


110. 


In many of the hollow pillars tested, Hodgkinson found that 
at the place of fracture the metal was much thicker on one side 
than on the other; it would be reasonable to expect that this 
would weaken them sensibly, but such was not generally the 
case. Thus, in one experiment, the thickness on one side was 
0.55 in., and on the opposite side 0.17in. In another experi- 
ment, the relative thickness on opposite sides was as 2 to 1, 
nearly. In both of these experiments the breaking weights were 
above the mean. In the third experiment the direction of the 
flexure was such that the convex side coincided with the greatest 
thickness of metal; in the other experiment the convex side 
coincided with the least thickness. In most cases, however, the 
convex side coincided with the greatest thickness. 

In experiment 1, Table IX., in Hodgkinson’s paper of 1840, 
the pillar was 7 ft. 4}in. long, external diameter 1.78 in., 
internal diameter 1.21 in., the ends flat and well fitted. The 
ratio of the thickness on opposite sides of the ring of metal, at the 
place of fracture, was as 5 to 1. The convexity was on the 
thickest side. The breaking weight by experiment was 17,840 lb., 
which is oniy about yx less than the breaking weight computed 


by formula (1). 
(Zo be continued.) 
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ENGINEERING ARcHOLOGY.—In our notice, last week, of 
the account given by our contemporary, The Engineer, of two 
of the London water companies, we should have added that it 
also announces that the works of the East London Company are 
This announcement, which would have been as 
true had Berwick-on-Tweed been substituted for Shadwell, is 
conveyed in the following perspicuous terms: “ The East London 
Waterworks Company, whose works are at Shadwell, was 
originated by ‘Thomas Neale, Esq., in 1679, and were carried out 
under different names and owners until 1807, when an Act of 
Parliament was passed styling it the East London Waterworks 
Company, with authority to raise 100,000/. in 1000 shares of 
1002. each.” Many of the other quantities, &c., given, are wrong. 

Turkish Ramways.—The directors of the Smyrna and 
Aidin Railway have caused a survey to be made of important 
extension of their present line, and look forward to a prosperous 
future of railway enterprise in Turkey. 4 

Fara Boer Exprosion.—On Tuesday afternoon a boiler 
explosion, attended with instant death to three men, occurred 
at Messrs. Stark’s dye works, Norwich. Five other men were 
injured and were taken to the Norfolk ard Norwich Hospital. 
The boiler was severed completely in two, and the premises 
were very considerably damaged, although the explosion was 
not attended with much noise. 
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THE STEAM FIRE-ENGINES AT BRADFORD! 
To THE Eprror oF ENGINEERING. 


Sm,—There is but little difficulty in seeing that Mr. Hague 
js supplied with the principal part of the matter contained in his 
Jetter to you last week; however, it contains much that is in- 
correct, and shows what a very slight knowledge some parties 
have of constructive details and mechanical movements. Every 
mechanic knows that it is impossible to make a bar with a vary- 
ing pitch, such as he attributes to us, and to make a nut to fit 
it and pass freely throughout its length. If Mr. Hague had 
seen a steam fire-engine at work through a long line of hose, he 
would not be at a loss to know why the general practice (as shown 
in the American engine) has been to allow, at least, a double 
area of steam to pump piston. The speed of piston of the com- 

ting engine, if the proper number of revolutions had been 
quoted, was.as high, if not higher than that in our engine, the 
difference being that we had about half the numberof -recipro- 

tions. 
The other matters touched upon by your correspondent are 
those upon which opinions differ, and are best judged of by 
persons who purchase and use this class of machinery, and con- 
sequently are considerably better acquainted with the practical 
working than any one who has but a mere superficial knowledge. 

The last paragraph is certainly premature; time will show 
which engine is really preferred by the authorities. 

In all cases we uphold our system of engine, and avoid depre- 
ciating those of other makers. 

We are, Sir, 
Yours very obediently, 
MERRYWEATHER AND Sons. 
London, Sept. 27, 1866. 








“WHITE ANTS.” 
To THE,Eprror or ENGINEERING. 

Sir,—Some thirty years since I suffered a loss from white 
ants eating through wooden cases in which were dry goods— 
linen and cotton—in a warehouse in the West Indies. The 
master of a merchant vessel that I then had in the harbour 
suggested rubbing well in with a brush ‘coal tar” on all the 
wooden stands I had for goods, especially the feet of such 
stands. He spared me several buckets of “coal tar.” The 
remedy was eflectual ! 

I am, Sir, 
Your obedient Servant, 


Sept. 24, 1866. MERCATOR. 





NUT-FINISHING MACHINERY. 
To THE Epiror or ENGINEERING. 

Sin,—In the last number of your paper you gave an illustra- 
tion of a double nut-shaping machine, constructed by Messrs. 
Shatp, Stewart, and Co. (Limited), of Manchester, Allow me 
to state that this machine and the nut lathe built by those 
gentlemen is, but for a very slight alteration in the frame, an 
exact af So the one supplied to them four years ago by Mr. 
Richard Hartmann, of Chemnitz, who took out a patent in 
England. for “improvements in machinery or apparatus for 
the manufacture of screws, bolts, and nuts,” the spcifications 
of which-were left by Frederic Allen Leigh, Esq., of Manchester, 
on the.15th October, 1859, No. 2351. 

In.the International Exhibition of 1862, amongst other tools, 
sucha double nut-shaping machine, and a nut lathe, for chamfer- 
ing and facing nuts, heads, and bolts, was exhibited by Mr. Hart- 
mann, and these very same machines were afterwards sold to 
Messrs. Sharp, Stewart, and Co. Messrs. Benjamin Hick and 
Sons, of Bolton, Messrs. Evan Leigh and Son, of Manchester, 
and other firms were supplied by Mr. Hartmann with machines 
of the same kind. No one is prevented from making these 
machines, as the patent has since been dropped. 

I inclose photographs of the nut-shaping machines, single and 
double headed, and of a nut lathe, showing the patterns Mr. 
Hartmann has been using since 1858. 

Iam, Sir, yours obediently, 
Cuas. F. W. Kusr. 
Sole representative of 
129, London-wall, E.C. Richard Hartmann in Chemnitz. 
Sept. 21; 1866. 








RatLway Fares.—The following are the average fares per 
100 miles for each class on different railways of the Continent, 
48 prepared for the Royal Commission on Railways, viz. 2 


First. Second, Third, 
: ees a eet 
Rusia u. . es 14 5 10 10 3 0 
Prossia .., une Po yk 10 0 8.2 
Do. express .,, io ae 12 0 ea 
Do. Tue.Rhine ... 11 10 8 0 8 10 
Below, * wae wy 181.0 9 0 4.6 
SUG sya, - ove 10 3 7 6 5 0 
Denmark: seal’ “iden tae) 9 0 6 0 
Abstria SUS ee om 18 0 10 3 6 6 
Raby ee . 14 0 10 6 7 0 
Pa ie 16 0 12 0 is 
TRG se ooo 14 § 11.0 7.6 
Great Britain and Ireland 18 6 138 4 8 0 
0. express 21 0 16 8 


est AG8S-—Professor Leone Levi, has just made an elaborate 

= ~ the numbers of “workers or earners of wages in the 
thee a nimgdom, and of their earnings. He makes out that of 
rad sheen, there are 10,697,000 in all, of which 5,523,500 are 
tem -_ 20 years of age, 1,355,000 males under 20 ; 2,671,000 
canoe er 20, and 1,147,000 females under 20. The yearly 
75.400 a down as 418,300,000 Of this agriculture affords 
a . rt domestic service, 60,000,0002; textile manufac- 
re — A i metal manufactures, 31,500,0002.; build- 
pb >! 500,0002. ; shipping and railways, 27,700,000/; 
Cadets ess, 33,000,000/.; mining, 15,000,0002.; labourers 

definite), 26,000,000/.; and all others, 60,000,000/. 





NOTES ON STEAMERS. 


A STEAMBOAT with four paddle-wheels has been run upon the 
Danube; and another also, we believe, upon the Nile. 

The screw steamship Prince Albert, with machinery made by 
John Cockerill and Co., of Seraing, near Liege, is said to have 
attained a speed of upwards of fifteen knots an hour on her trial 
trip’in the mouth of the Thames. The vessel is 286 ft. long, 
88 ft. beam, 29 ft. deep, and has engines of 400 nominal horse- 


wer, 

The Marquis Wellesley iron steamboat, constructed by the 
Horsley Company of Staffordshire, in 1824, was, within the 
the past few years, still afloat. She was of the form called the 
‘¢twin boat,” having the paddle-wheel in the centre. 

The Danubian Steam Navigation Company, whose boats run 
between Vienna and Galatz, had, some time since, 104 paddle- 
wheel. steamboats, 25 screw-tugs,.450 barges, and more than 
150 landing-bridges, boats, and coal tenders. The company’s 
capital exceeds 3,500,0002. 

The Garry Owen, built. by Mr. John Laird, in 1834, to run on 
the Shannon, was the first iron steamer with water-tight com- 
—— the iron bulkheads being the invention of Mr. C. W. 

Villiams, 

Sir Robert Seppings contributed a paper to the “ Philosophi- 
cal Transactions,” as long ago as 1818, on “ The Great Strength 
given to Ships of War by the Application of Diagonal Braces.” 

The yacht America was 90 ft. 8 in. long, 22 ft. 9in. wide, and 
her tonnage (builder’s old measurement) was 210 tons. The 
Titania is 93 ft. long, 2ift. 9in. wide, and burden 184 tons. 
The midship section of the America was nearly triangular, and 
the height, out of water, was hardly one-half that of the Titania. 

Mr. Scott Russell’s experiments on the wave-line commenced 
in 1834. He observed the action of differently formed bows with 
the aid of light floating spheres in the water, the best form of 
bow causing the least disturbance of these spheres in its passage 
among them. 

The Banshee, Irish mail boat, attained a speed of 16 knots, 
or 184 statute miles per hour, in 1848. 

Mr- Fairbairn has found that some iron ships, built a few 
years ago, would, if suspended amidships, as on a sharp reef, 
break by their own weight. 

The speed attained on the trial of her Majesty’s yacht Vic- 
toria and Albert, with her present oscillating engines, was 
17.022 knots. 








THE MIDNIGHT MAIL. 

’Tis merry to ride in the midnight mail, 
No moon or stars on high, 

To:dash through the tunnel, to flagh by town, 
At a speed the eagles fly. 

The horses are steeds whose food is the fire, 
Whose limbs are harden’d steel ; 

Their cry is far shriller than sea-bird’s scream, 
They care for no armed heel. 

"Tis the king of travel, the midnight mail, 
Thus rolling, rattling along ; 

From the pole to the line, from line to pole, 
No power’s so fleet or strong. 

So, hurrah for the men that work the mail 
So merrily on its way; 

May their eyes be bright, and their hearts be light 
As a girl’s on her wedding-day. 

And a prayer for driver, stoker, guard, 
To cheer the journey through: 

“‘ May God keep them right, in the dark midnight, 
To do what they have to do.” 


London, Sept., 1866. Monracvr BEALE. 








Merropourran Disrricr Ramway.—The report of Mr. 
Fowler and Mr. T. M. Johnson, the engineers, states that the 
contractors are now in possession of all the property required 
for the works, from the Junctions with the West London Railway 
and from the Kensington joint station to Prince Albert’s-road, 
Kensington; from Sloane-square to Ebury-street; and from 
Belgrave-street South to Buckingham-row, Westminster—con- 
stituting a.total length of nearly three miles. The works are 
in active p upon the whole of this property, including the 
stations at Richmond-road, Kensington High-street, Gloucester- 
road, Sloane-square, and Victoria. A portion of the property 
required for the St. James’s-park station at Westminster has 
also been delivered to the contractors, and the station works 
commenced, ‘The railway works are in a forward state across 
Parliament-square-gardens, and every possible exertion is being 
made to obtain ession of New Palace-yard and the streets 
adjoining, so that. the work there may be completed before the 
next sitting of Parliament. ‘Ihe designs for the railway work 
opposite Westminster Abbey has been agreed upon with the 
Dean and Chapter of Westminster, and arrangements have been 
made for the immediate commencement of the work. The 
designs for the communication between the proposed station at 
Westminster-bridge and the Houses of Parliament and all the 
work connected therewith have been approved by her Majesty’s 
Chief Commissioner of Public Works. ‘The details of the Thames 
Embankment works have been for some time under discussion 
with the Metropolitan Board of Works, and, excepting a few 

ints, are agreed upon.’ “The works opposite the South-Eastern 
Railway Company’s Cannon-street station, about 226 ft. of rail- 
way, have been completed. The capital account shows that 
1,279,5102. has been expended, leaving a balance of 120,320. 

Gas Puriricatrion.—The Great Central Gas Consumers’ 
Company, whose works are at Bow Common, confess to the 
City Commissioners of Sewers that they cannot purify their gas 
from sulphur, so as to keep within the parliamentary require- 
ment! ‘Lhey request that the Commissioners’ chemist, Dr. 
Letheby may come and inspect their works, and. recommend 
what is to be done. They have been recommended, however, 
by the Board of Sewers Commissioners to consult Mr. Hawksley 
or Mr. Barlow. 

NaTau.—20,000/. more are to be expended in harbour works 
at Natal. Other works are in progress. 





THE HERCULES. 


THe first piece of iron for the keel of this formidable vessel 
was laid June 21st last, and the average amount of material now 
being worked up is over 100 tons per week. The ship is three- 
eighths built, and she will probably be launched, with her 
armour bolted on, early next year. The broadside central 
battery, for a distance of about 200 ft., will be protected by 
armour plates 9 in. thick, several hundred tons of which are now 
undergoing the planing, slotting, and boring processes. With an 
inner-skin plating of 1}in., and 10in. iron frames, the total 
ps, of ironwork forming the sides of the Hercules, exclusive 
of her teak backing between her 9 in, and the inner 14 in, plates, 
is 20}in. Arrangements are being made to enable her to carry 
eight 20-ton guns in her central Serva and four, 15-ton guns 
fore and aft and in her bow battery. The cellular system of 
construction, introduced by Mr. Reed in the Bellerophon, is 
carried out in the Hercules, which will, in fact, be a double 
vessel from end to end, while her waterproof bulkheads will 
render her secure against any ordinary accident. In order to 
impart additional strength to the Hercules, and render her, as 
she is intended to be, the strongest no less than the most 
powerful vessel of war in the world. a new feature has been 
introduced in the construction of her keel, the space between 
her inner and outer bottom being divided into a number of cells, 
crossed longitudinally and transversely by wrought-iron girders, 
the effect of which will be to impart enormous rigidity and stiii- 
ness to the entire structure. Like the other ironclad vessels 
designed by the present Chief Constructor of the Navy, the 
U-shaped section has been adhered to in the Hercules, not the 
least merit of which is that in a vessel so heavily armour-plated 
as she is designed to be, her natural tendency to roll, when in a 
beam sea, will be considerably diminished. 








H. M. S. Brisrot.—The Bristol, now on her way home with 
her engines broken down, is a fine ship of 8027 tons, with screw 
engines of 600 horse power nominal by Messrs. Napier anc 
Sons. 

UnperGrounp Raimways.—By the new Metropolitan 
District Railway Act, passed in the last session, where the 
works of the company interfere, or threaten to interfere, with the 
stability of buildings which are not necessary for the purposes of 
the company, and the safety of which might be easily secured 
without permanent interference with their occupation, the 
company are empowered, in order to avoid injury to houses and 
buildings within 100 yards, to underpin or otherwise strengthen 
them, and, unless in cases of emergency, to give at least ten 
days’ notice of their intention. 

VrECKS.—Without counting vessels employed solely as pas- 
senger ships, 409,255 vessels cleared outwards from, or entered 
inwards to, the various ports of the United Kingdom in 1865, 
Their aggregate tonnage was 65,231,034, and the value of their 
cargoes 500,000,000, Of these vessels 2012 were lost or damaged 
on British coasts, or in the neighbouring seas; 1690 of ‘these 
were known to be vessels in the British registry, ‘There were 
354 cases of collision; 245 total losses were caused by stress of 
weather, 99 by neglect or inattention, 38 from defects in the 
vessels or oqvipeneys (80 having foundered from being unsea- 
worthy), &c. More than half of the whole number of accidents 
were to colliers, fishing-vessels, and vessels carrying ores. Of 
the 2 number of accidents, but 180 happened to steam 
vessels. 

Tue CaBLe To Hanover,—The cost of the Reuter Tele- 
gram Company’s new cable to Hanover is, for the main cable, 
4351. 15s. per knot, and for the shore cable 648/. 5s. per knot. 
It is laid with but very little slack. 

MrruyLatep Sprrirs.—By a recent enactment no person is 
allowed to use, keep, or sell methylated spirit, under a penalty 
of 100/., except with a license from the Commissioners of In- 
land Revenue. 

RatLway ManacErs.—Among the wants of the present 
time one of the most important seems to be that of sound prac- 
tical men who can be relied upon for the economical and efficient 
control of railways. It is reported that, although the salary 
offered is 3000..a year, the Great Indian Peninsula Railway 
Company have in vain been seeking for months past for a per- 
son to whom they can confide the duties of agent and manager 
at Bombay. 

Tue AtLANntic TELEGRAPH.—No messages through either 
Atlantic cable has for the last few days been published in the 
—. Both cables are reported, however, to be in per- 
fect order; but the land lines west of Newfoundland have been 
interrupted by storms. The insulation of these lines is so de- 
fective, that they are almost worthless ‘during storms, while 
during a recent succession of gales many of the poles were 
blown down. The lines are not expected to be at rights until 
November. 

Tue Wooven Suirs—The Marlborough, three-decker, of 
4000 tons, was officially tried but ten years ago, and the Prince 
of Wales, of about the same size, six years ago. The first- 
named ship has 800 horse engines (a pair of 82 in. cylinders and 
4 ft. stroke), by Mandslay. ‘I'he latter has trunk engines of the 
same power, by Penn. Each pair of engines, with their boilers 
and appurtenances, cost about 40,0007. Orders have been re- 
ceived at Portsmouth Dockyard to furnish the Admiralty with 
estimates of the expense of removing the engines and boilers 
from both ships, and of replacing their decks. We presume by 
this order the Admiralty contemplate utilising these vessels in 
another form than their reported conversion to turret ships, 
possibly as barrack ships at Hongkong, for which, indeed, they 
are well adapted. If this surmise should prove to be correct, 
the engines of both ships would, of course, with certain required 
alterations and repairs, become available for other ships. 

Tue New Liprary at tHe Parent Orrice.—The new 
library at the Patent Office is now nearly completed, and it is 
expected that the transfer of the books from their old quarters 
will soon take place. The new rooms are situated in the top 
story of the building, and are more roomy than those now occu- 
pied, although it is very doubtful if they will afford sufficient 
accommodation. They will, however, have the advantage of 
being well lighted and ventilated, which is far more than can be 
said for the old apartments. 
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ENGINES AND BOILERS OF THE AMERICAN SLOOP OF WAR 











“HASSALO.” 























nia ai hi ” 
i / | 
1 | 


pe —@ a . 


a, h 
la ‘vg i d 


i! 


sin NN * 


1 


Fic.l 























SSS 








Prrroteum.—The fyield of the American oil wells, which 
last year ee a slight decline, has this year shown a great 
advance. The total product of 1865 was about 2,135,000 
barrels, or about 6500 barrels per day. This year, up to the 
middle of July, it is catimated to have been ‘at the rate of 
10,000 barrels a day. Of the aggregate production about half is 
consumed in the United States and the other half is exported, 
Owing to the fall in price that occurred some time ago the 
rein this year, as it is likely to be, will not, it is 

thought, greatly ex in commercial vs 1 that of 1865. 





Ratts ror Inp1a.—The East Indian Railway Company have 
given out contracts for 17,500 tons of rails at 61. 11s. to 6/. 17s. 

American Srexu.—A correspondent from Newark, N.J., 
complains of American steel as not being uniform. He ‘claims 
that we have in this country as good material for making good 
steel as is to be found anywhere. But the same advertised 
= ualities differ in a single case of the steel. Some of it is so hard 

at it will not bear more than a dull red heat, and then, when 
hardened, will break when driven into a piece of hard rd wood.— 
Scientific American. 
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Tur Deir Rarway.—One hundred locomotives are con 
tracted for to work the Delhi line when opened. The anne 
for a large proportion of the carriage stock is to soo the 
India. e Secretary of State for India has Spar 9 500,000 
interest at 5 per cent. upom an additional capit 


for this line. 
AxoTHeR AxrinE Tounnet.—There is a report that ® 


of Count 
Prussian company is to be formed under the auspices. 
Bismark to eal Mount St. Gothard, and to ¢s direct 
communication between Italy and Germany. 
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THE PORT OF BOMBAY. 


Tue recent wrecks that have occurred in the imme- 
diate vicinity of Bombay harbour cannot fail to draw 
the attention of the Government once more to the 
urgent necessity for the provision of proper accommo- 
dation for the vast quantity of shipping which annu- 
ally resorts to this great commercial emporium on the 
western coast of India. Of the two vessels which 
went ashore during the gales of the 20th and 21st of 
June last, one, the Diamond, from Jeddah, with 

ilgrims on board, was seen on the morning of the 
90th of June outside the harbour, with only her mizen- 
mast standing. She drifted round Malabar Point, and 
went ashore at Breach Candy. The other, the Staf- 
ford, of 1000 tons burden, and laden with coal, went 
ashore on the South-east Prongs, at an early hour on 
June 2lst; this occurrence is ascribed to the 
absence of the outer light-ship, which had broken 
away from her moorings, on the previous day, and 
drifted up the harbour. ‘The mail of the 4th of Sep- 
tember, also, brought an account of no less than four 
wrecks in Bombay harbour, namely, of the Zenobia, 
1413 tons, from Calcutta, with rice; of the Die 
Vernon, from Liverpool ; of the St. Hilda, from Ran- 

on, with timber; and of the Themis, bound from 
Shields to Aden with coal, but compelled to make for 
Bombay in a crippled state. These disasters, it is 
alleged, are owing chiefly to the defective lighting of 
the entrance to the harbour. 

The danger of trusting to light-ships for guarding 
vessels from a near approach to rocks, shoals, or 
other dangerous points off the coasts of India has, on 
many former occasions, been demonstrated only too 
clearly ; for at the very period when their presence off 
the dangerous points is most needed—namely, during 
stormy weather—they ‘are “most liable to be absent 
through breaking away from their moorings and drift- 
ing, so that their known existence at such times be- 
comes not only no protection to the passing trade, but 
actually a source of danger, inasmuch as their absence 
from their appointed places is only too likely to be the 
cause of vessels running into the very dangers which it 
is the province of such light-ships to point out. 

The above disasters the Gazette endeavours to 
account for, by saying that Bombay possesses the most 
spacious harbour but the most imbecile Government 
in the world. Although the emporium of a great em- 
pire, its quayage and wharfage accommodation for 
shipping and unshipping goods is on a par with 
that furnished by an Enelish country seaport of the 
humblest pretensions ; its harbour is sufficiently safe 
when entered, but to enter it in stress of weather is 
both difficult and dangerous, and yet neither Govern- 
ment nor the harbour authorities, although warned 
year after year by losses such as those which have now 
occurred, have taken any heed to supply vessels with 
the requisite signals to enable them to steer their 
way, or to provide means for rendering prompt assist- 
ance whenever an accident occurs. 

Some idea of the increasing necessity for improving 
Bombay harbour may be formed if we refer to the 
increase of its trade; which in 1856-57 was valued at 
15,878,002/. for imports, and its exports at 12,578,881/., 
making a total value of its trade amounting to 
28/449,8837. This was conveyed in 7431 vessels of 

descriptions, with an aggregate tonnage of 
700;154 tons. The customs receipts for that year 
amounted to 615,938/., which in 1864-65 had in- 
creased to no less a sum than 716,501/., or more than 
100,000/., or about 17 per cent., in nine years. In 
addition to the vast trade which it may be expected 
will henceforth require accommodation at this port, it 
may be as well also to consider the probability that 
all the mail steamers between England and India 
will, in future years, make Bombay the sole place of 
call, instead of, as present, delivering the mails at and 
receiving thent also from Calcutta and Madras, as 
well as Bombay; for it has been proved beyond a 
doubt that, with the completion of the railway 
system in India, the mails can be delivered at the more 
istant ports more expeditiously overland from Bombay 
than by steamers going direct to those ports as ut pre- 
sent, and the recent Select Committee .on East India 
Communicat ions stated in their report that the time 

d arrived when tenders should be invited for a weekly 
mail service to Bombay alone, and that the separate 
postal service between this country and Madras and 
Calcutta should be discontinued. 

The necessity of improving the lights and land-marks 
about the harbour has long ago been recognised, and 
in 1855 a beacon was erected ona rock in the harbour, 
called the Oyster Rock, but it pane of little impor- 
— to the shipping, being well up the harbour, and 

ot in the channel of large ships. On the night of the 





lst January, 1857, a fixed green light was first ex- 
hibited from the Dolphin rock in the harbour. In 
1857 Mr. Parkes, C.E., was sent out to examine the 
harbour in order to determine what steps should be 
taken for its improvement, but it was not until 1863 
that the general subject of providing it with efficient 
lighting and pilotage was really seriously taken into 
consideration. At that time the following lights, 
beacons, and beacon-buoys marked the entrance to the 
harbour: Kenery Island marks the boundary of the 
entrance on the south side; it is a small rocky island, 
bearing from the lighthouse south distant 114 miles, and 
is elevated about 100 ft. above the level of the sea. ‘To 
the north the entrance to the harbour is known by Mala- 
bar-hill, with its low insignificant flagstaff-halfway down 
the brow of the hill, and by the lighthouse. The latter 
is situated at the extreme south end of Colaba, and-is 
elevated about 130 ft. above low-water mark ; the light 
displayed is a revolving light visible from the deck of 
a ship about 16 or 18 miles distant. The fairway to 
the entrance of the harbour is marked by a floating 
light-vessel moored equidistant about 2 miles from the 
extremity of the South-west Prong and the foul ground 
off Thull, in 7 fathoms at low-water spring tides. The 
outer light-vessel—established in 1842—displays a 
bright light at her mast-head, and is visible from 10 to 
12 miles. About three-quarters of a mile north-east 
by north of the outer light-ship is a large wooden buoy 
with a spiral top,’called the Fairway Buoy. The inner 
light-vessel is moored to southward of Sunken Rock, 
and bears from the outer light-vessel N.E. 4 north 
43 miles. The last three, namely, the inner and outer 
light-vessels and the Fairway Buoy, have occasionally 
broken adrift, and a similar occurrence is alway liable 
to recur during very bad weather. In addition to the 
above, there is a beacon, consisting of a white stone 
illar about 24 ft. high, on the Oyster Rock, a small 
Sabthouse on the Dolphin Rock, besides buoys at the 
middle ground and flagstaff shoals, and off the northern 
patches, small iron buoys marking the northern and 
south-eastern edges of the reef off Butcher’s Island, 
and a buoy marking the position of a small patch of 
rocks on the north-eastern verge of the reef off Caranja 
Island. One of the chief disadvantages of the present 
system of lights consists in the Colaba light being placed 
23 miles within the extremity of the South-west Prong, 
and it will doubtless be ultimately found desirable to 
remove it to a position better calculated to ward vessels 
off the danger it is intended to point out, and this could 
best be effected by erecting the light at the extremity 
of the Prongs. The present deficiency of lights in the 
harbour will probably be remedied by erecting a light- 
house, ‘already sanctioned, on Kenery Island, and an- 
other on Sunken Rock. With these additions, and sup- 
posing that by the use of improved moorings and chains 
the outer and inner light-vessels can be securely 
moored in their respective places, the present deficiency 
of lights would be supplied, and we hope ere long to learn 
that steps have been taken for their commencement. 
The first proposal for the construction of docks at 
Bombay originated with a Mr. Edwin Heycock, who, 
in March 1855, applied for a grant to a dock company, 
which it was proposed to form, “such ground as the 
“said company might reclaim from the sea, for the 
“ purpose of forming wet and dry docks, extending 
“along the shore from the Carnac Bunder to Fort 
“ George.” The subject was then referred by Govern- 
ment to a committee, who proposed three sites as ap- 
propriate for the construction of docks, viz. Boree 
Bunder, or Mr. Heycock’s site ; Moody Bay ; and the 
space between Bummelow Island, on Colaba and the 
Apolla Pier ; but they subsequently reported that the 
site between Apollo Bunder and Arthur Bunder 
appeared, all points considered, preferable to any other, 
but the Government differed from this conclusion, and 
directed that the site at Moody Bay should be kept 
available for the purpose of dock-construction. 
= All cargoes are, as a rule, at the time of the first 
roposal to construct docks at Bombay, unloaded and 
faded by boats, the cost of which was 6d. to 7d. per 
ton during the fair season and 93d. to 10$d. during 
the south-west monsoon, in addition to some further 
expense in delivering to and receiving from the boats. 
The length of time required to unload a ship of 500 
tons by this means was about twenty to twenty-five 
days, and it was thought that one-third or one-half of 
the time occupied in unloading a ship in harbour 
might often be saved were she to deliver her cargo in 
dock to a dock company, as much of the delay then ex- 
perienced arose from the system of each consignee 
sending for his own cargo. Another advantage ex- 
pected from docks was the impossibility of, or at least 
the great difficulties which would be thrown in the way 
of, petty pilferage while the goods were being conveyed 
from the ship to the wharf, besides which the goods 





would be free from danger of being damaged by wet 
while in transit from the ship to the shore daslng the 
monsoon. 

In 1856, Mr. Walker submitted a plan for the con- 
struction of a wharf, or sea-wall, from Belvidere Ba 
on to Cross Island, round the base of which the w 
would curve, and run on Bummalow Island, and re- 
turning across the open space by the Colaba Causewa: 
to Boree Bunder. This was shortly afterwards fol- 
lowed by other applications for permission to supply, 
by means of joint-stock companies, this great necessity 
to Bombay. The variety of plans for docks, 
wharfs, and reclamations thus submitted to Govern- 
ment led to much discussion on the subject, and on the 
7th September, 1860, the Bombay Government re- 
smirked, in a resolution that, unless that Government 
were ee ppt to come forward more decidedly than 
they had previously done in favour of whatever 
scheme might appear best, Bombay might probably 
remain for years to come no better provided in that 
respect than it was at that date. The resolution then 
goes on to consider two schemes, one for the reclama- 
tion of a considerable portion of the harbour of 
Bombay, in a line running from Mazagon south till 
nearly opposite the Boree Bunder, and then turning in 
westward at a right angle after a short distance, con- 
tinuing in a southerly direction up to the vicinity of 
the Mint, and to construct wet docks, sheds, &c., in 
the vicinity of the Custom House; and the other for 
the erection of an iron screw-pile pier, 100 ft.’ wide 
and 6000 ft. long, from Carnac Bunder to a point 
beyond Cross Island, and thence to have two branches 
60 ft. wide, one running south 3000 ft., and the other 
north 1000 ft. The former project was designed by 
Captain De Lisle, and the latter by Mr. Kennell > 
After weighing the relative advantages and disad- 
vantages of each project, the Government concluded 
in favour of a combination of the two schemes ; where- 
upon “The Bombay. Pier Company, Limited,”. was 
forthwith started, with the view of carrying out the 
Government plan, but with what ultimate result the 
present absence of any such works at’ Bombay too 
clearly demonstrates. ! 

On the abolition of the Indian navy, in 1868, it 
beeame a matter for consideration what should be done 
with the Government docks and dockyards. at, Kidder- 
pore and at Bombay ; and{from more than one’ quarter 
offers were sent in to lease them, with a view to 
increase their capacity ; but the most practicable scheme 
originated with Captain Methven, of the ‘ Peninsula 
and Oriental Company’s service. Speaking of the 
present extent of accommodation afforded at Bombay, 
that officer remarked that at the present moment 
(1865) there was not a dock in India that, for many 
months of the year, could receive one of the largest 
steam-ships of the Messageries Impériales, while 
several of the Peninsula and Oriental Company’s ships 
proceeded periodically to China in search of the means 
of docking in those waters, which were wanting at 
Bombay. The dockyard of the Peninsula and Oriental 
Company is situated at Mazagon, on ground reclaimed 
from the sea on the eastern foreshore of the island of 
Bombay, the works connected with which were com- 
menced in 1861. A new dock, which is probably 
completed by the present time, will be capable of 
accommodating the largest of that company’s steamers, 
its dimensions being 382 ft. total length inside gates, 
53 ft. 6in. width at bottom, 79 ft. width at top, and 
26 ft. 6in. deep. The company has also sufficient 
ground for another dock of still larger dimensions. In 
addition to the above, the company lease two docks, 
each capable of receiving steamers of 2000 tons and 
upwards ; the old dock at Mazagon, which formerly 
belonged to the East India Company, is also in con- 
stant use for vessels not exceeding 800 tons burden. 
The dockyard contains iron shears, worked by steam, 
a steam crane, a pair of 40-horse-power engines for 
pumping out the large dock, a steam saw-mill, exten- 
sive offices and store-rooms, workshops, a steam 
factory, &c., the whole of the buildings covering an 
area of 12 acreg eight of which were reclaimed from 
the sea. But notwithstanding these means, furnished 
by the energies of a single company for its own use 
and requirements, there yet does not exist any prac- 
ticable locality for the repairs of the larger class of 
iron men-of-war, while for the heavy merchant ships 
there must still be tedious delays in consequence of 
the necessity for waiting for spring tides before they 
can gain admission to any dock. 

In addition to the commercial necessity for docks at 
Bombay, the more remote, but still not impossible, 
contingency of some of our iron-clads requiring the 
conveniences of dock accommodation at that port can- 
not be overlooked; and, in addition, there will soon 
be the large transport vessels, at present building for 
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the Indian Government, for which the necessary shelter 
must be provided. The question of dock accommoda- 
tion must new be viewed from a somewhat different 
aspect than before, the foreshore of Bombay being 
somewhat shoal, and having a great tendency to silt 
up. In consideration of these circumstances, — 
Methven has directed attention to sites at Butcher’s 
Island and Elephanta, stating that a vessel of the 
largest size might pick her way from the sea, in 34 ft. 
at low-water spring tides, for 12 miles, and anchor be- 
hind Butcher’s Island, quite close to which is Ele- 
phanta, and behind it again is another deep pool. 
This band of deep water is scoured and kept perma- 
nently deep by descending freshets, and is continuous 
from the sea, landward, considerably above Butcher’s | 
Island and Elephanta, which form a breastwork to a| 
grand harbour of refuge. Behind Elephanta is a very 
deep roomy pool, in some places having 50 ft., which | 
communicates with the deep channel outside by several 
bars of not less than 14 ft. at low water. The advan- 
tages of this site may be summed up in the following 
words by Captain Methven :—* Of the great works at 
** present progressing, none can be constructed so| 
* cheaply as great and small docks at Butcher’s Island 
* and bfephanta, with boat-houses, sail-lofts, and fac- 
‘tories, with, in short, every convenience for the 
‘entertainment or reparation of shipping; and no 
work so nearly touches the safety, dignity and 
wealth of the place. Butcher’s Island and Hlephanta 
are cunglately protected and sheltered from the 
force (or occasional gales) of the south-west. mon- 
soon. Villages would rise in the neighbourhood. 
There are desirable sites for the houses of artizans 
and superintendents; in fact, there is elbow-room 
for work, and the decencies and comforts of life to 
the working man. Docks so placed are but five 
miles across a smooth harbour from the city, with 
their clangour and noises removed from the business 
offices. Butcher’s Island and its neighbourhood 
would be to Bombay what Blackwall is to London, 
Birkenhead to Liverpool, and would be the proper 
complement to the Elphinstone Land Company on 
the opposite side of the harbour, and which promises 
‘competently to meet all the wants of our multi- 
‘tudinous coasting native craft. We should at once 
have frequent ferry boats, and in a few years a 
railway.” 
Already there are not wanting parties who are pre- 
pared to undertake the formation of a company for 





constructing the necessary works ; more accurate in- |} 


formation respecting the site for the docks, and some 
matured plans, must be completed before the public 
can reasonably be requested to embark their capital in 
the projected enterprise. Unfortunately, the absence 
of any such works at present in India precludes the 
possibility of any reliable estimate as to the probable 
returns to be derived from them; however, the neces- | 
sity of constructing docks of a size beyond the require- | 
ments of commerce in order to accommodate vessels 
of war and the Government transports might reasonably 

be urged as a fair reason for some contribution from 

Government towards their expense, either in the shape 

of a direct pecuniary subscription in aid of their con- 

struction, or some small guarantce of interest on the 

necessary capital, and, unless the Government is pre- | 
pared to render some such assistance, we fear that at 

the expiration of the next eleven years no further 

yrogress will have been made towards providing 

Jombay with suitable dock accommodations than is 
now visible after the lapse of a similar period since the | 
subject was first seriously proposed in March, 1855. 





Spanisu Rarmuways.—An event of some interest has just 

taken place in Spain—viz., the opening of the section of the 
Madrid, Saragossa, and Alicante Railway, between Venta de 
Cardenas and Andujar, across the Sierra Morena, which was 
the only = of line unfinished on the great route from Irun to 
Cadiz. The passage across the Sierra Morena appears to be now 
constructed on favourable conditions; but that it has ever been 
constructed at all shows the greatest courage and perseverance 
on the part of the Madrid, Saragossa, and Ajjeante Company, 
as the section, after having been laboriously cafried through last 
year, Was swept away by a series of cisasters on the night of 
Lovember 10, 1865. A gigantic waterspout then poured itself on 
the heights of the Sierra Morena, and precipitated itself into a 
rayine traversed by the Despennaperras torrent, by the side of 
which the section runs for several mles, the torrent being 
crossed by as many as eleven bridges. Nothing could resist the 
violence of the vast accumulation of water; for several hours 
the entire valley was inundated, the bridges carried away, and 
when morning dawned it was found that the line all along the 
valley had been aeuniy destroyed, and that its restoration 
would involve a fresh outlay of 380,000 Although the com- 
pany is far from financially prosperous, it was at once resolved 
to proceed with the work of reconstruction; and it has now 
—September, 1866—been successfully carried through. We do 
not exactly see, however, what guarantee the company has 
agains: a repetition of the disaster. 





MOULDERS’ SAND. 

Some engineers are accustomed to look with “ pro- 
found contempt” upon the simple operations by which 
the moulders’ sand is prepared for the foundry. The 
selection of the materials, the mixture and preparation 
of the sand, and all the other details connected with 
the moulders’ unscientific handicraft, are left to the 
judgment of some experienced workman ; or, in some 
other foundries, every moulder is to mix his own sand 
according to his best liking and understanding. 

Very different and very imperfect, as a matter of 
course, is that understanding in the generality of cases, 
and very different must therefore be the result. Ifwe 
compare the beautiful castings of Mr. Whitworth’s 
tools or Messrs. Penn’s marine-engine cylinders with 
foundry work produced from the same kinds of pig 
iron in many other establishments, the idea immedi- 
ately presents itself that there must be some vital diffe- 
rence in the process of casting independent of any mere 
mechanical skill of labour in moulding, and a little 
further consideration shows that the selection and pre- 
paration of the moulders’ sand must be one of the most 
prominent causes of the difference in results, 

The mould has an important function in the process 
of casting. It must resist the pressure of the liquid 
mass in every direction, and at the same time give a 
free escape to the air and gases collected and generated 
within the mould during the solidification of the metal. 
It must give the casting a smooth and clean surface, 
and allow of an easy separation from the same; it 
must, therefore, neither act chemically upon the liquid 
material, nor be affected by the latter at the high tem- 
perature at which it is brought in contact with the 
sand. 

The higher the temperature of the liquid metal, the 
more diflicult it is to comply with these conditions, and 
the fewer are the substances which can be used for 
this purpose. The moulds for casting iron require : 
more careful selection and better preparation of their 
materials than those for metals melting at a low tem- 
perature, and the preparation of moulds for casting 
steel is the most difficult problem in our present 
foundry practice. There exists, indeed, so little sound 
knowledge about the requirements of a mould for 
steel, that the whole practice is surrounded with 
mystery and mystification by every one who happened 
to acquire some successful experience in the produc- 
tion of a suitable mould for running molten steel into 
it. The preparation of the moulds is a secret very 
jealously guarded by M. Krupp, the Bochnm Company, 
and several steel works in England; and even in the 
Bessemer Steel Works, where science has cleared away 
most of the mysteries and secrets, the art of preparing 
moulds and cores for the castings is strictly monopo- 
lised by a few individuals. 

A chemical analysis of most of the moulding sands 
and other materials applied for making moulds for iron 
or steel shows that they are mainly composed of 


| silica, aluminia, magnesia, some metallic oxides, and 


lime. ‘The proportions vary with the different kinds, 
and with those proportions the refractory and other 
qualities of the materials are variable also. The higher 
the proportion of silica, the more refractory is the sub- 
stance; but its cohesion is lessened, it is difficult to 
form into a compact body, the moulds crack in drying, 
and are liable to be destroyed by the current of metal 
running into the same. Aluminia and magnesia are 
the substances which render the mass cohesive and 
plastic, but the excess of the former substance lessens 
the refractory qualities of the mould, being subject to 
vitrification at a high temperature. Magnesia is highly 
refractory, and forms an excellent cement for silicious 
sand, but its quantity is limited by the necessity of 


| keeping the whole mass porous for the escape of gases 
from the liquid metal. 


The presence of metallic 
oxides in the sand always impairs its refractory 
qualities ; still more undesirable is the presence of lime : 
an admixture of 3 or 4 per cent. of the former will 
make sand unsuitable for good castings of iron, while 
1 per cent. of lime will be sufficient to impair the 
qualities of moulding sand to an equal degree. Lime, if 
present as carbonate, will give off its carbonic acid at 
a high temperature, causing the liquid metal in contact 
with the mould to form small bubbles and air-passages, 
which destroy the smoothness of surface ; if present as 
silicate or caustic lime, it will vitrify in contact with 
the sand and the hot metal, and adhere to the surface 
of the latter. Similar effects are produced by the 
metallic oxides. It is obvious, therefore, that the 
moulding materials for casting steel should be as nearly 
as possible free from lime or metallic oxides. Their 
principal element should be silica. Aluminia or, better, 
magnesia should be present to a limited extent. The 
analysis of the Sheflield ganister, which is used for lining 
the Bessemer converters, shows 95 per cent, of silica, 





but this substance will not of itself form a proper 
mould. Itis generally mixed with a composition, the 
principal elements of which are magnesia and aluminia, 
giving in all a percentage of about 85 silica, 5 to 10 
magnesia, and 5 to 10 aluminia. 

M. Caron, from the results of recent experiments in 
melting steel described in our first volume, recommends 
moulds of pure magnesia, but such have not yet been 
introduced in practice. 

The best kinds of sands suitable for casting iron “ jn 
the green sand” contains from 91 to 93 per cent. silica, 
6 to 64 per cent. aluminia, $ to 24 per cent. oxide of 
iron, and 4 percent. of lime ; the sands for stove-dried 
moulds generally are richer in aluminia and in oxides, 
This precise composition, however, cannot always be 
conveniently met with in nature, and it is therefore by 
a judicious mixture of different materials that good 
moulders’ sand may be obtained at almost any spot 
where it is required. This sand will deserve the 
denomination of artificial sand. It will fulfil all 
conditions required in practice, not only with regard 
to its chemical composition, but also to its physical 
properties, its size of grain, its modes of coherence, 
&e. 

The preparation of moulders’ sand, if carefully 
studied and carried out, could well allow to forma 
trade of its own. Already the so-called Ganister Works 
in Sheffield are a kind of speciality of trade, supplying 
the steel works with die materials for steel, with 
sand for lining the furnaces, and Bessemer converters 
and other refractory substances required. Something 
similar might be established for the supply of iron 
foundries with moulders’ sand, prepared loam for 
cores, and other similar articles. There is no doubt 
that division of labour would prove beneficial in this 
branch of industry, as it does in every other. In some 
large foundries something of this kind already exists, 
since moulders’ sand is required in such quantities 
that a special establishment can be maintained for the 
preparation of it. In such establishments there is a 
greater opportunity for studying the qualities of the 
materials employed, and of obtaining the most ap- 
propriate refractory substances. This knowledge of 
selection, however, is accessible to every founder, since 
the principles upon which it is based are plain and 
simple teachings of chemical science. 








BROADWELL’S BREECH-LOADING 
ORDNANCE. 


Ir is announced that the American Government, since the 
trial of a steel 18-pounder at Washington on Broadwell’s breech- 
loading principle, are about to order several 10 in. guns upon 
the same plan, ;in order more fully to test the invention, which 
has now been for some time before the public, in this country as 
well as in America, 

The breech-piece is a block sliding transversely in a rec- 
tangular slot, which extends through the breech of the gun, 
the slot being slightly tapered. The mechanical details are a 
little different, but the principle is the same as that of Krupp’s 
breech-piece. Like his, the block is locked by a screw. The 
thread is cut away on one side of the screw, so that half a turn 
not only loosens the block, but enables it to be drawn freely out 
to load through the{rear of the gun. As in Krupp’s, the face of 
the breech-block is recessed where the powder acts upon it, so 
that the grit or powder deposit shall not be drawn over the 
rubbing surfaces in removing the breech-piece. The gas check 
of Krupp’s gun is a ring of steel angle iron, forced by the ex- 

plosion against the inner rear face of the gun, or the face closed 
y the breech-piece. In Broadwell’s the gas check is apparently 
much the same in form and material, but it tightens against the 
breech-piece itself; and as the gas check is, a permanent fixture 
within tie gun, and as its internal diameter must be sufficiently 
large to take the shot and powder through it, a portion of the 
chamber of the gun, just in front of the breech-piece, has to be 
flared out to receive the gas check. 

The Scientific American says: “ Broadwell’s improved pro- 
jectile is designed exclusively for breech-loading rifled ordnance. 
The invention consists simply in yy a cord of suitable 
size in several annular recesses in the lead jacket, and rubbin 
over all pulverised graphite as a lubricator. The object 
using the cord is to wipe the bore of the gun at each round, 
which it does more thoroughly than can possibly be done by 
hand, and thus dispenses with the labour and loss of time in 
sponging after each shot, as in the regulation. A gun may 
fired 1000 rounds, or more, with this shot without cleaning, for 
the reason that there can never exist more fouling of the bore 
than is created by the one charge of powder, which is burned 
behind each shot, the fouling of each charge being completely 
carried out by the succeeding shot. The success of this peculiar 
method of packing projectiles is due to the fact that it is — 
in short sections. When the cord is wrapped continuously, its 
displacement, after leaving the bore of the gun, impairs. the 
accuracy of the shot. The packing, applied in short sections, 
comes off simultaneously, and in the shape of tow, and for t 
reason does not derange the flight of the projectile. 








Tue Cuassrrpor Gun.—This gun adopted by the ee 


rifle of a construction very muc 
hich it is an im- 
n the mode 
” which is 
A 


Government is a breech-loadi 
resembling the Prussian needle gun, upon w t 
provement. ‘The differences are said to consist only i 
of pulling the needle in the operation of “ cocking, 
simpler in the Chassepot than in the Prussian needle gun. 
somewhat different cartridge is used in the Chassepot gua. 
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WHARF AT MOULMEIN. 

Tye constantly increasing trade of all our Eastern 
sorts demands an ever-increasing accommodation to 
be provided for its use. Such works, being essentially 
of a commercial character, would, in this country, be 
left to the unrestricted enterprise of that portion of 
the community for whose interest they might be re- 
quired ; but in India it is otherwise. In India, as we 
have somewhere seen it stated, there is no public, and 
a country rich in internal resources almost beyond 
precedent languishes from the want of that spirit of 
enterprise, Which want so notoriously characterises the 
Anglo-Saxon race in India; therefore, much has to be 
undertaken by Government, which, in most European 
countries, it would be considered the special province 
of the people to provide. oP 7 

At Moulineift one of the principal ports of British 
Burmah, there already exists a timber-wharf whereat 
vessels load and discharge; but the increasing trade, 
and larger vessels which now visit that port demand 
that increased accommodation should be afforded, and 
the wharf run out into deeper water. For this pur- 
pose it is intended to extend the wharf by the addition 
of a screw-pile pier seawards. The ironwork for this 
ier has been obtained from Mr. George Wells, of 12, 
edhateeeh, Westminster, the successor to Mr. 
Frederick Johnston, who constructed the screw-pile 
pier at Madras (a description of which has already ap- 
peared in our columns. 

This pier is to be 165 ft. in length and 31 ft. 6 in. 
in breadth, and it is to have a T head 60 ft. in length, 
and of the same breadth as the other part of the pier. 
The level of the platform of the pier throughout its 
length will be ft. 6in. above high-water line. The 
depth of water at the commencement of the pier is 
9 ft., gradually deepening to 18 ft. at its further ex- 
tremity, and the rise of the tide is 17 ft. 6 in. 

The piles are all of solid wrought iron, 6 in. in dia- 
meter, and formed in two lengths, the upper lengths 
being uniform throughout, and the lower Gate vary- 
ing so as to enable them to enter the ground toa 
total depth of 8 ft. The lengths of the piles vary 
from 36 ft. 7 in. to 44 ft. ll in. Each pile is furnished 
with a screw 3ft. in diameter, the edge of which is 
notched like a saw, and not plain, as in Mitchell’s 
patent. We are, and always have been, quite unable 
to discover any advantage in this new style of screw. 
Of course the idea is that, in the event of meeting with 
any obstruction in the course of screwing down, a 
screw so notched would saw its way through; but we 
very much doubt whether it could be made to pene- 
trate soil which an ordinary Mitchell’s screw could not 
pierce. The piles, three in each row, are braced trans- 
versely with angle-iron 4 in.x4 in.x4in., secured 
to the piles by wrought-iron clasps, 3 in, x 2 in. bolts 
and nuts, and, in addition to this ordinary bracing, the 
pierhead is braced also below low-water mark. The 
several rows of piles are placed 15 ft. from each other, 
and the outer rows both of the main pier and of the 
pier-head are tied longitudinally by wrought-iron ten- 
sion rods 1} in. in diameter, and secured to the piles 
by wrought-iron clasps, bolts, and nuts, each rod being 
supplied with a screw coupling. 

_ Cast-iron caps for the top of each pile are of dimen- 
sions suited to receive 12 in. 16 in. transverse timber 
bearers, on the top of which run seven longitudinal 
timbers 9 in.x12in. The longitudinals are let into the 
transverse bearers, and firmly secured to them by 
angle-irons and iron straps bolted through from the 
under side of the bearers, and at the top of all is laida 
3in. planking. Along the whole length of the plat- 
form are two lines of rail of fy section, and at either 
side of the pier, just within the pier-head, are iron 
landing-steps, reaching nearly down to the low-water 
line. ; 

On either side, the platform is guarded by a light 
wooden handrail, and a lamp at the pier-head_ will 
~ asa beacon to the shipping and light to the 
vier. 

The whole of the ironwork, including capstan and 
couplings for screwing down the piles, has been fur- 
nished, as we stated before, by Mr. George Wells, for 
the sum of 2428/7. The timber will, of course, be sup- 
plied on the spot, and the work carried out under the 
Superintendence of Government officers. 








Pho . Se rs.—The Wigan Coal Association has agreed 

die ede per Cent. in the wages of the colliers in their 
rict, the advance to commence January ist next. Coal has 

been advanced 1s. per ton, and slack 6d. per ton. 

omens S eneaie far as the taking of evidence is 

an 1e urs of the Royal Commission on Railways 
at an end. The Royal Commissioners are now engaged 


Preparing their report, which wi : r en 
shortly after its meeting, will be submitted to Parliament 





ENGINES FOR THE NEW AMERICAN 
SLOOPS OF WAR. 
(Concluded from page 220.) 

Clutch and Counterbalance. Band or Hub. Band or Peri- 
phery. Holes. Pin for turning Engines.—On the after end 
of the crank-shaft, next to the face of the eccentrics, there is to 
be keyed on a dise of Stirling iron, which is to form both the 
disconnecting clutch for the shafting and the counterbalance for 
the engines. The disc to be 6 ft. in diameter and made with 
double shell; to be 16 in. long at the hub and 123 in. Jong at the 
periphery. The back of hub to project 34 in. and to be turned 
20 in. in diameter and 3 in. long, on which a wrought-iron band, 
24 in. by 3 in. wide, is to be accurately fitted, shrunk, and turned 
before the hub is bored. Hub to be bored 13 in. in diameter. 
The periphery of the disc to be turned 69} in. diameter and to 
have a turned wrought-iron band 124 in. wide and 12 in. thick, 
shrunk on. Periphery and back of shell to be 1} in. thick ; front 
of shell atrim, 23 in. thick, increasing to 5 in. thick at hub, ex- 
clusive of clutch part. Front of shell near periphery to have 
twenty-six holes of 2} in. diameter and 5in. depth slightly ta- 
pered, for the insertion of a tool-finished wrought-iron pin, made 
to fit the whole, and of sufiicient length to project 5 in. outside. 
Pin to be used for turning the engines by means of a screw or 
hydraulic jack. Four well-fitted pins to be furnished. 

Counterbalance.—The counterbalance to consist of two 
lead weights of about 1000 Ib. each filled into two segments of 
the shell at right angles with each other. 

Fixed Clutch. Brass-ring. Steel Facing.—The clutch part 
of the disc casting to be 52 in. diameter, with four projections 
of 34 in. deep from the face of dise, each projection occupying 
one-fourth of the circle and leaving corresponding depressions 
between them. Projections at centre to be bored 15 in. diameter 
and to have secured to them aturned brass ring, 33 in. wide, 
and bored to exactly fit the end of the first section of line-shaft- 
ing, which will enter this ring 2} in., leaving one inch 
between the ends of the shafts. Projections to be turned and 
faced; to have secured to them eight finished steel plates, 33 in. 
wide and 3 in. thick by a dovetail feather on their backs of 
*by 1} in., and eight countersunk steel screw-bolts of ; in. 
diameter, with fine thread. 

Keying-on.—The counterbalance dise to be keyed on shaft, 
so that the two weights will be directly opposite the two cranks, 
and secured by three flat steel keys 1$ in. by 23 in. and 16 in. 
long. 

Sliding-clutch.—The end of line-shaft connecting with crank- 
shaft to have a sliding-clutch, guided by two finished steel 
feathers 3 by 34 in. in section, dovetailed securely into shaft. 
Diameter of clutch 52 in.; to have projections and recesses on 
its face precisely the same as those of the opposite or fixed- 
clutch on the crank-shaft, which projections are to be finished 
and faced with similar steel plates secured in the same manner. 
‘The hub to be 18 in. long, projecting 34 in. from back of clutch 
and turned 20 in. diameter by 3 in. long, on which a wrought- 
iron band 24 in. by 3 in. wide is to be accurately fitted, shrunk, 
and turned. Hub to be smoothly bored 13 in. diameter, and 
the end of shaft on which it slides to be nicely fitted and 
polished. Periphery of the disc of clutch to be turned 48 in. 
diameter, and to have a turned wrought-iron band 4 in. wide, 
and 2 in. thick, shrunk on. The back of hub and front of 
clutch projection to be faced. ‘The disconnecting clutch to be 
worked by tool-finished wrought-iron levers, fulcrums, links, 
bands and pulleys; all to be so arranged that the crank-shaft 
can be disconnected and connected quickly, and from the engine- 
room. 

Screw Propeller.—The screw propeller to be fixed, and have 
four blades. Diameter 17 ft. Pitch to expand from the for- 
ward to the after edge of blade; initial pitch 26 ft., mean pitch 
28 ft., final pitch 30 ft. Thickness of blade at fillet of hub 
(which is to be large) 8} in., tapering to } in. at periphery of 
screw. Diameter of hub at forward end 22 in., at after end 
19 in., at centre 26 in. Length of hub 45 in. Length of blade 
on hub fore and aft 27 in., curving backwards on forward edge 
15 in. from perpendicular. After edge to be parallel with 
forward edge on side view, making the length of the blade in the 
direction of the axis of the screw uniformly 27 in. from hub to 
periphery ; the corners of the blade at periphery to be slightly 
rounded. 

Hub.—The hub to be accurately and smoothly bored its 
whole length to fit the taper of the shaft, and the brass casing 
on the shaft; the casing to enter the hub 8 in., and the hub to 
be well caulked down upon it, to be secured to shaft by one 
finished wrought-iron cross-key passing through the hand shaft 
abaft the blades; key to be 2 by 6 in., and the ends to be covered 
with brass plates caulked in. There are to be also two feather 
keys, 2 by 2} in., extending from the back of the hub to the 
brass casing on the shaft; keys to be put in at right angles to 
each other. Shaft to project 1 in. beyond the end of the hub, 
and to be covered with a water-tight brass cap, secured to end 
of hub with six brass bolts 1; in. diameter, with a fine thread. 

Composition of Metal.—Composition of metal for screw 
propeller to be made from new materials, and to consist by 
weight of 88 parts of copper, 10 parts of tin, and 2 parts of 
zinc. Particular attention must be paid to the thorough mixing 
of the metals in the reservoir before pouring into the mould, 

Moulding.—The mould for the screw to be made by eight 
dry-sand cores, built in two core boxes, one core box to form 
the face or driving side of the blade and one-eighth of the 
hub, and the other core box to form the back of the blade 
and one-eighth of the hub. 

Finish.—Edges of blades to be chipped and filed true. 
Surfaces of blades to have all roughness smoothed off. 

Lining of Dead-wood. Copper Pipe.—The hole through the 
dead-wood to be accurately bored 163 in. diameter, and lined 
with a brazed copper pipe } in. thick, flanged at both ends; 
the flanges to be secured and made water-tight by wood screws 
»j, in, diameter, and 2 in. apart between centres. The flanges 
to be 24 in. wide, and let in flush with the endings of the dead- 
wood. 

Brass Pipe.—Within and extending through this copper pipe 
there is to be a brass pipe of 163 in. external diameter and j in. 
thick metal, accurately bored and turned. ‘The inboard end to 
have a flange 27 in. diameter and 1} in, thick, secured to wood 





with ten brass wood screws of 1} in. diameter and 7 in. long. 
Flange to be faced on both sides. The pipe is to extend within 
8 in. of the after side of the stern-post, and for 5 in. at that end 
to be turned to an exterior diameter of 154 in. for the inner 
projection of the stern-post bearing to overlap. 

Stuffing-box for Line-shaft.—At the inboard end of the 
dead-wood there is to be a brass stuffing-box. Flange for bolt- 
ing to dead-wood to be 1} in. thick and 21 in. diameter, 
secured with ten brass standing-bolts tapped into the flange of 
the brass pipe through dead-wood ; holes in stuffing-box flange 
to be vertical slots to allow the stuffing-box to settle with the 
shaft; least thickness of metal in stuffing-box 7 in.; packing 
space to be 14 in. deep and 14}in. diameter; extreme length of 
stuffing -box 24 in. 

Gland.—Gland to be of brass, turned, 6 in. long, with a 
flange 21 in. diameter and 1 in. thick; to be secured with eight 
turned brass bolts 14 in. diameter. 

Bush.—That part of the stufling-box beyond the packing 
space to be bored 15 in. diameter, and a finished brass bush, 
with a shoulder bored to fit the shaft, is to be placed in the 
packing space to prevent the packing from going through. 

Branch Pipe, Cock, and Water-pipe.—On the bottom of the 
stuffing-box there is to be cast a branch pipe 2 in. internal 
diameter, with a faced flange } in. thick and 7} in. diameter, to 
receive a flange brass cock of equal area to the opening, to which 
cock a copper water-pipe of 2 in. inner diameter will be attached, 
leading to the collar thrust-bearing and crank-shaft brasses. 
Pipe to have brass flanges } in. thick, secured by four turned 
wrought-iron bolts and nuts $ in. diameter. 

Stern-bearing.—The stern-bearing to be of brass, and to 
project 18 in. beyond the after side of the stern-post. The 
projecting part to be double-shell, circular at the extremity, and 
gradually conforming to an oval as it approaches the stern-post. 
Thickness of outer shell, 1} in.; of inner shell, 1) in. Thick- 
ness of metal in contact with after side of stern-post, 14 in. ; 
vertical height of the same 7 ft., with lugs 1} by 2 in. at top and 
bottom. 

Bolts.—To be secured to after side of post with eight turned 
brass bolts, 2} in. diameter and 30 in. long, with inboard brass 
nuts, 4} in. square, and 24 in. deep, let into the wood; out+ 
board nut to be hexagonal, and 23 in. deep. 

Wings.—The side-wings to extend 6 ft. on each side of the 
vessel, to the shape of which they will conform, templates of 
the same being furnished. Thickness of metal, tapering from 
13 to Zin. To be bolted to vessel by twenty-seven through 
bolts of copper 1} in. diameter; ends to be riveted into counter- 
sunk holes. 

Inboard Pipe.—The stern-bearing to extend 7 in, inside the 
lining of the dead-wood, and to overlap the brass lining pipe 
4 in, thus leaving 1 in. between the shoulders for play. ‘The 
end of the stern-bearing and the part in contact with after side 
of stern-post to be faced. Pipe part to be turned and bored. 

Bushing for Screw Propeller Line-shaft.—At the stern-bear- 
ing end of the dead-wood there is to be inserted a brass bush 
lined with lignum vite staves. Total length of bush 6 ft., 
which is also the length of the staves. Bush to be turned to an 
outside diameter of 14} in., and to have a turned outside flange, 
1i in. thick, secured to stern-post bearing with eight 14 in. 
diameter brass bolts. Least thickness of metal of bush, 4 in. 

Lignum Vite Staves.—The lignum vitew staves to be # in. 
thick and 2 in. wide, inserted in projections on the inside of the 
bush. Staves to project 4 in. above brass, and to be thirteen in 
number. Each stave to be secured in its place with three 
4 in. diameter brass screws, with heads well countersunk. 

At the stuffing-box end of dead-wood there is to be a bush 
precisely the same as the one just described, except the length, 
which will be 4 ft. After the bushing is in position in the 
vessel, the staves are to be accurately bored 12 in. diameter. 


BOILERS AND ATTACHMENTS, STEAM-PUMPS, COAL-BUNKERS 
&e. 


Arrangement of Boilers.—There are to be four main boilers 
of Martin’s pateut, and two horizontal tubular superheating 
boilers. 

fire-room.—All the boilers to be placed forward of the 
engines, with a fire-room 8 ft. 6 ins wide between them, and 
extending in the fore and aft direction of the vessel. ‘The boilers 
to be arranged in pairs on opposite sides of the fire-room, and 
facing each other. The superheating boilers will be next the 
engines. Each pair of main boiiers will have a separate 
smoke-pipe, making two smoke-pipes in all. The superheating 
boilers will deliver their products of combustion into the uptakes 
of the adjacent main boilers. 

Spaces between Boilers.—Between the superheating and 
main boilers there is to be a space of 6 in. wide, and between the 
main boilers on each side of the fire-room there is to be a space 
4 ft. wide for access to coal-bunkers, 

Main Boilers. Extreme Dimensions of Shells.—The main, 
boilers are to be rectangular in form, each is to be 24 ft. 4in. 
wide, 9 ft. 9 in. high, 10 ft. 3in. long at level of furnaces, and 
11 ft. 9in. long on top of shell. The tops of the boilers to be 
joined to the ends and back by quadrantal curves of 12 in. 
radius, and to the front by a quadrantal curve of 18 in. radius. 
the ends to join the bottom by quadrantal curves of 6 in. radius. 

Furnaces.—Each main boiler will contain seven furnaces 8 ft, 
wide, and exposing a length of grate-bar of 6ft.6in. Top of 
furnace to be semicircular; height from bottom of ash-pit to 
crown of furnace, 3 ft. 3 in.; angles of ash-pit rounded with a 
quadrantal curve of 6 in. radius. Water-legs between furnaces 
and between furnaces and shell of boiler to be 5in. wide, 
including thicknesses of metal. Water-bottom beneath ash-pits 
to be 5 in. wide, including thicknesses of metal. Water-ways at 
back of ash-pit, beneath the smoke connexion, and at back of 
smoke connexion, between it and the boiler shell, to be 6 in. wide, 
including thicknesses of metal. Water space between the front 
of the boiler and the furnace to be Sin. wide, including thick- 
nesses of metal. The furnaces and the ash-pits are to be in one 
sheet each, the seam to be below the grate-bars at the back 
end. 

Furnace-doors.—The opening for the furnace-door to be 
16 in. high and 20 in. wide; to be semicircular on top, and 
to pass into opening for ash-pit by a reversed curve of 3 in. and. 
Gin. radii; to be surrounded by a neat cast-iron frame of jin. 
thickness of metal, fitted air-tight to shell of boiler, and secured 
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with five wrought-iron bolts, and nuts of $in. diameter, tool- 
finished, no tap-bolts to be used. Inside of frame to be flush 
with opening, and it is to have a faced strip in. wide, against 
which the door is to close, Two sockets for the door hinges to 
be cast on the frame, and each bored 1} in. diameter by 14 in. 
long for the pins, thickness of metal 1% in. ‘ 
he farnace-doors to be a neat pattern and to be 3 in. thick, 
cast with a pipe projecting inside and having the form of the 
opening, and as near its dimensins as will close into it. In the 
bottom of the pipe there is to be a hole 1 in. in diameter, and 
over the end of the pipe there is to be bolted a wrought-iron 
late y‘: in. thick, and perforated with as many yy in. diameter 
oie as can be drilled in it, leaving yy in. spaces between them 
There is to be cast in the door and inside the pipe twenty-one 
holes of 1} in. diameter for admission of air, holes to be sur- 
rounded with a ledge }in. wide, and }in. high. A faced strip, 
g in. wide, to be upon the inside of the door to close against a 
similar strip on the frame. Sockets for hinges to be cast on the 
door of the same dimensions and finish as on frames. Door to 
be fitted with strong wrought-iron latches and catches, tool- 
finished. Pins for hinges to be of wrought iron, turned, 1} in. 
in diameter, and to have hemispherical heads; to fit the sockets 
snugly and be easily removeable. 

Grate-bars.—The grate-bars to be in two equal lengths of 
8 ft. 3 in. each, to be lin. wide on top, with § in. air-spaces 
between them, to be 4in. deep at centre, and 2 in. deep at ends, 
thickness on bottom edge ys in., tapering upwards, top to be 
channelled, to be supported on suitable bearers and lugs of 
wrought iron, grate-bars to be cast in pairs. 

Smoke-connexions.—Smoke-connexions to be separate for 
each furnace, to be 18 in. wide, the back to be joined to the top 
by a quadrantal curve of 9in. radius, and to the bottom bya 
quadrantal curve of 6 in. radius. ; 

Tube-boxes of main Boilers.—The tube-boxes of the main 
boilers are 7 ft. long, 3 ft. wide, and 2 ft. 5 in. high in the clear. 
The top and bottom form the upper and lower tubeplates, in 
which the holes are to be accurately drilled (not punched) to the 
exact outside diameter of the tubes, and rounded on the edges. 
The distance in the clear between the crown of the furnaces and 
the bottom tubeplates to be at front of boiler 10 in., at back 
8in. ‘The top, bottom, and sides of tube-boxes to be in one 
sheet each. 

Tubes of main Boilers.—The tubes to be of brass, seam- 
less, and ,',th of an inch in thickness of metal; outside dia- 
meter 2in., extreme length 30}in., length between tubeplates 
80in. In each tube-box they are to be distributed in eleven rows 
crosswise the box, and thirty-one rows lengthwise the box. Ex- 
treme length occupied in box from outer edge of tubes of back 
row to outer edge of tubes of front row 82 in., distance between 
centres of tubes in this direction 23 in., distance between centres 
of tubes crosswise the tube-box 3) in. Centres of tubes to be in 
straight lines, not zigzagged or staggered. Tubes to be at 
right angles to tubeplates, and to ve expanded on one side of 
them and rivetted over on the other. ‘Total number of tubes in 
the four main boilers 9548. 

Uptakes of main Boilers.—The uptake of each boiler to be 
in common for all its furnaces, and at the centre of the boiler it 
is to debouch into the smoke-pipe with a steam casing 104 in. 
wide on each side. Width of uptake on bottom 13in., top 
to be semicircular. Smallest contraction at top 18. wide. 

Water-columns of Uptake. Openings in front of Uptakes 
and their Frames.—The tront of the uptake is to have six 
inclined water-columne, 5 in. by 5} in. including thicknesses of 
metal, ‘These columns separate the openings in the front of the 
uptake for the uptake-doors. Openings to be 3 ft. wide in the 
clear and 2 ft. high, measured on the inclination. They are to 
be surrounded by a neat cast-iron frame of 3 in. thick metal, 





fitted air-tight to shell of boiler, and secured with ten wrought- 
iron bolts aud nuts of § in. diameter, tool-finished, no tap-bolts | 
to be used. Inside of frame to be flush with opening, and it is | 
to have a faced strip } in. wide, against which the door is to 
close. Two sockets tor the door-hinges to be cast on the top of 
the frame, and each bored 1} in. diameter by 14 in. long for the 
pins; thickness of metal jin. — 

Uptake-doors of main Boilers.—The uptake-doors to be of 
cast iron, of neat pattern, 3 in. thick. A faced strip, § in. wide, 
to be upon the inside of the door to close against a similar strip 
on the frame, Sceckets for hinges to be cast on the top of the 
door of the same dimensions and finish as on frames. Door to be 
fitted at bottom with two tool-finished wrought-iron catches to 
press the door strongly to its frame. Pins for hinges to be of 
wrought iron, turned, 1} in. in diameter, to have head and nut, 
and to fit the socket snugly. j ; 

On the outside of the door, and 1} in. from it, there is to be 
@ wrought-iron air-plate }in. thick, of smooth and handsome 
surface, with a bead turned upon it. On the inside of the door 
is to be a wrought-iron lining plate of box form, and } in. thick ; 
to be separated from the door by a space of 1} in., which is to be 
filled with a mixture of plaster ot paris and ashes. The out- 
side and inside plates are to be held to the door by six socket- 
bolts of gin. diameter, passing clear through all three, and held 
by tool-tinished nuts on both sides. : a 

Tron.—The boilers are to be stiffened in the direction of 
their breadth at top, and also on the sides, with the exception 
of the space opposite tube-boxes, down to 12 in. below crown of 
furnaces, with T iron placed every 12 in., to which the bracing 
will be attached. ‘The T iron to be rivetved to shell every 4 in., 
rivets on opposite sides of the web breaking joint, so as to make 
the T iron attached every 2in. {he Tiron to be 3}in. by 
Shin. by Sin. ‘The braces lengthwise the boiler to be secured 
to T iron °f the same dimensions, r-veted in the same manner 
to the back of the boiler and to the uptake. ; 

Bracing —The braces attached to T iron to be not over 12 in. 
between centres, and to be 14 in. in diameter. All spaces not 
stiffened with T iron to be braced every 84 in. with lin. dia- 
meter rods. Braces from side of tube-boxes to top of boiler, 
before forking, 1§ in. diameter, after forking, 1} in. diameter. 
Braces from tube-boxes to crown of furnace 1; in. diameter. 
No screw stay-bolts to be used in the flat water-spaces, and all 
stay-bolts to have sockets. Bolts to be lin. in diameter, and 
Sin. between centres. Particular care is to be taken that the 
strength of bracing herein called for is to be carried out in the 
half-moons, crowleet, angle, and T iron, and their rivets and 
attachments, and in their welding, so that no places are left 











more weakly braced than herein specified. All pins to b 
secured by keys, and the braces to have eyes, not hooks. 

Thickness of Plate.-—The bottom of the shell, and for 18 in. 
up the ends, front, and back, to be of y% in. plate; also, shell at 
back of ash-pits, and the ash-pits. The furnaces, the bottoms 
of the smoke-connexions, and of the shell under these connexions, 
to be of Zin. thick plate. The tube-plates to be } in. thick. 
All other plates to be ¥% in. thick. 

Quality of Materials and Workmanship.—The boilers to be 
constructed of the best quality of American charcoal flange iron, 
double rivetted in all seams that do not come in contact with the 
fire, and the rivets to be staggered. All seams to be caulked on 
both sides where practicable, and in forming them no acids or 
injurious matter is to be used, and no quakers or filling ae 
inserted. The braces and T iron to be of the best quality of 
American manufacture. 

Manholes.—Each boiler is to be provided with two manholes, 
one of which is to be placed in the steam-room at each end of 
the front. In each spandrel between the furnaces, and between 
the furnaces and shell of boiler, there will likewise be placed a 
manhole. Manholes to be elliptical, with diameters of 12 and 
15in. Cast-iron flanges to be double rivetted around holes, and 
to have a faced joint for the plate. Plates to be of wrought 
iron, with two tool-finished wrought-iron bars ; nuts and bolts to 
be of tool-finished wrought iron, and the joint of plate faced ; 
shell to be well braced around manhole. 

Hand-hoels.—Each boiler to have a hand-hole in the spandrels 
between the ash-pits, and between the ash-pits and shell. Open- 
ing to be elliptical, with diameters of 4} and 74 in; to have 
faced wrought-iron ring riveted around, and to be fitted with 
wrought-iron plates, the joints of which is to be faced; bars, 
bolts, and nuts to be of wrought iron, tool finished. 

Test.—Before being placed in the vessel the boilers are to be 
subjected toa hydrostatic pressure of 70 1b. per square inch 
above the atmosphere, and made safe and perfectly tight under 
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Paint.—After this test they will be immediately painted on 
the outside, and inside also, where accessible, with three coats of 
brown ainc and oil. 

Attachment to Vessel.—The boilers to be thoroughly secured 
to the vessel with strong wrought-iron straps and bolts, both 
fore and aft and athwartship. 

Felting and Leading.—After the boilers are secured in the 
vessel they are to be entirely covered with first quality No. 1 
felt, 1}in. thick, strongly stitched to No. 1 canvas. ‘The tops 
of the boilers, and upon the felting, to be covered to their 
vertical ends, backs and fronts, with No. 14 wire gauge sheet 
lead, well soldered, to prevent injury from leakage of water 
through deck. Lead to be secured water-tight under the ledge 
that supports the smoke-pipe. Over the lead, the front of the 
boiler to be lagged with reeded pine grained as black walnut. 

Hanging: plate.—A hanging-plate of in. thick wrought iron 
to be hinged to boilers in front of the vertical tubes of each 
tube-box. Plate to be in two pieces of 4in. wide and 38 in. 
long, to stand Lin. from the boiler at the top, and incline from 
the tubes at an angle of 22°. The two pieces to be hinged on 
each other, and made capable of folding back against the boiler. 

Dry-pipes.—Each of the main boilers to have a system of 
cast-iron dry-pipes extending from the stop-valve through the 
whole length of the boiler. Thickness of metal in pipe 4 in; 
end to be closed, and top of pipe drilled with 3 in. diameter 
holes, with an aggregate area equal to the opening of the valve. 
Pipe to be in sections, with bolted flanges, so that it may be 
easily taken down. 

Appendages to Main Boilers.—The feed check-valves to be 
placed at the ends of the boilers nearest the engines, and on the 
spandrel of the furnace. The blow-valves to be placed at the 
other ends on the spandrel of thefurnace. At the centre of each 
boiler, and on a level with the crown of the furnaces, there is to 
; placed a 1 in. diameter finished brass cock, with spout turned 

own. 

Gauge-cocks.—At the ends of the main boilers nearest the 
engines there is to be placed a finished brass casting, of approved 
pattern, containing a glass water-gauge, showing a height of 
12 in., and five brass gauge-cocks, with finished drip-pan and 
pipe; lowest cock to be liin. above the highest point of the 
upper tube-plate ; the others to be equidistant, and 4 in. between 
centres. 

Percussion Gauge.—At the other ends of boilers there is to 
be placed a percussion water-gauge, with brass cylinder, piston- 
rod, and piston, finished all over, cupable of indicating a range 
of 12in., with the lowest point 1} in. above the highest part of 
upper tube-plate. 

Position of Valves.—The stop-valves of the forward main 
boilers to be placed near the top on the ends next the after main 
boilers; the stop-valves of the after main boilers will be placed 
on the back, near the top, at the end next the superheating 
boilers; the receiving stop-valves of the superheating boilers 
will be placed on the backs and the delivery-valves on the sides 
of the boilers. ‘The steam-pipes of the main boilers to be con- 
nected with the steam-pipes leading to the engines by a stop- 
valve, so that the steam may be excluded from the superheating 
boilers at will. Superheating boilers to have a small stop-valve 
near the top for supplying donkey-pumps. The steam-pipes of 
the forward main boilers to pass behind the after main boilers, 
The safety-valves will be placed on the front of the main boilers, 
near the top, and near the smoke-pipes. 

Plates.—Each pipe to be made of seven sections vertically of 
the best quality of charcoal iron. ‘he plates of the first three 
sections to be of No. 6 wire gauge, and those of the four top 
sections to be of No. 8 wire gauge. ‘The vertical seams to be 
butted with a strip of iron inside, and made very close; rivets 
to have button heads on the outside. ‘The horizontal seams or 
joints of the sections to be made with neat wrought-iron bands 
on the outside. 

Stays.—The bands of the first and second joints from the top 
to have eight lugs for stays. Sixteen stays to be provided for 
each pipe, of suitable length, in links of 4 in. diameter wrought 
iron, with proper attachments to deck. ‘The top of the pipe to 
be encircled with a neat wrought-iron band. 

Casing.—The lower part of the pipes, to a height of 7 ft. 
above the coamings of the upper hatches, to be surrounded by a 
casing of plate iron of No. 10 wire gauge thickness. A space of 
24 in. to be left between the casing and the pipe. Casing to be 


A sloping cape with a projection of 4in., and of neat workman- 
ship, to be ed above the casing and made water-tight ote 


pipe. 

Deck-plates for Smoke-pipes.—Where the pipes pass throu 
the deck they are to be surrounded with neat cast-iron deck- 
plates in halves, and bolted together by flanges beneath. To 
have a flange around the opening for the pipe, to which the 
casing is to be secured, and to have flanges beneath fitting the 
inside of the coamings of the hatch, and on the sides to extend 
over the coamings; least thickness of metal, }}in. Circular 
= to be made in the spandrels as large as possible, and 
bored for the reception of turned cast-iron plates, which are to 
have handles for lifting. Plates to fit water-tight. Also cast- 
iron gratings of the same dimensions to be fitted to these 
openings. 

Copper Water-boxes.—The coamings of the hatches, for the 
depth of their timber, to be lined with copper water-boxes 3 in, 
wide in the clear, and braced every foot; all parts to be brazed 
and made water-tight ; thickness of metal, No. 17 wire gauge, 
. brass cock lin. diameter to be placed ifthe bottom of the 

x. 

Door at Bottom of Smoke-pipes.—An opening to be made in 

the battom of the uptakes, beneath the smoke-pipes, of 30 in, 
diameter, and closed with wrought-iron doors, lined, hinged, 
and provided with suitable catches for opening into the fire- 
rooms, 

Brick Paving.—All other parts of the bottoms of the uptakes 
to be covered 2 in. thick with tire-brick bedded in fire-clay, and 
held by angle-iron ledges. 

Painting.—The entire pipe and attachments to be painted as 
soon as made with three couts of brown zinc paint, inside and 
outside. 

Steam-jets.—In the lower part of each smoke-pipe there is to 
be a steam-jet composed of four rings of wrought-iron Pipe, 
placed 18 in. apart, vertically, in the form of a cone. 

First Ring—The lower ring will be 77 in. diameter from 
centre to centre of pipe, and composed of wrought-iron pipe of 
3}in. inside diameter. Ring to be supported from inside of 
smoke-pipe by four wrouglit-iron brackets, and to have drilled 
in its top eighty equidistant holes ,3;in. diameter. A wrought- 
iron pipe 34 in. inside diameter to be connected to this ring, and 
to pass out through the uptake, and be connected toa 3}in. 
diameter screw stop-valve placed upon the shell of the boiler. 

Second Ring.—The second ring to be 67}in. diameter, and 
composed of pipe of 23in. inside diameter. To be supported 
from the lower ring by tour pipes 2%in. diameter, and to have 
drilled in its top seventy equidistant holes ;in. diameter. 

Third Ring.—The third ring to be 56 in- diameter, and com- 
posed of pipe of 1{in. inside diameter. ‘To be supported from 
the second ring by four pipes 1jin. diameter, and to have 
drilled in its top sixty holes of ,8, in. diameter. 

Fourth Ring.—TYhe fourth ring to be 39 in. diameter, and 
composed of pipe of 1}in. inside diameter. To be supported 
from the third ring by four pipes of 1} in. diameter, and to have 
drilled in its top forty equidistant holes of ,3, in. diameter. 

Superheating Boilers——There are to be two superheating 
boilers, each 3 ft. 10 in. wide, 9 ft. 9in. high, and 10 ft. 3 in, 
long. The tops of the boilers to be joined to the ends and back 
by quadrantal curves of 12 in. radius. The front to be vertical 
from top to bottom. The ends to join the bottom by quadrantal 
curves of 6 in. radius. 

Extreme Dimensions. Furnace.—Each superheating boiler 
to have one furnace, which is to be precisely the same as 
described for the furnaces of the main boilers. ‘ 

Furnace Doors—The furnace doors to be precisely the same 
as described for those of the main boilers. 

Ash-pit Doors.—The ash-pit opening to be surrounded by a 
cast-iron frame, the same as described for the furnace-door 
opening. This frame to have 2 sockets cast on both sides for 
hinges, of the same dimensions and finish as described for the 
furnace doors. Ash-pit door to be in two parts, hinged on 
either side to the frame; to be of cast iron 3 in. thick, and of 
neat pattern; to have a faced strip to close air-tight against 
faced strip on frame. ‘Two sockets to be cast on each part 
of door for hinges, and to be of the dimensions and finish 
described for those on the furnace doors. Ash-pit doors to be 
provided with neat tool-finished wrought-iron latches and 
catches. 

Gratz Bars.—Grate bars to be precisely the same as described 
for those of the main boiler furnaces. 

Lower Back Smoke-connexion.—The lower back smoke-con- 
nexion to be 18 in. wide. The back to be joined to the top by 
« quadrantal curve of Qin. radius, and to the bottom by 
a quadrantal curve of 6in. radius. Width of water space at 
baek of connexion, 5in. ‘The smoke-connexion delivers from 
the furnaces into the flues. 

Flues.—Immediately over the furnace there are to be for 
each boiler 3 flues of 11in. internal diameter, and 6 ft. 2in. 
extreme length, delivering into an inner front smoke-connexion. 

Inner Front Smoke connexion and its Door.—The inner 
front smoke-connexion is a rectangular box 9} in. wide, 3 ft. 3 in. 
broad, and 36 in. high, all in the clear. The front of the 
connexion is closed by a cast-iron door, in halves, and hinged on 
either side. Door to be 3in. thick, lined with a wrought-iron 
box plate } in. thick, placed 13 in. from it, and the intervening 
space to be filled with a mixture of plaster of paris and ashes. 
Door to close air-tight, with faced strips, and to be provided 
with strong wrought-iron latches and catches. ; 

Lower Tubes.—From the inner front smoke-connexion to the 
upper back smoke-connexion there proceed 84 lap welded 
wrought-iron tubes of 4 in. thick iron, 2 in. in outside diameter, 
and 6 ft. 2in. in extreme length. To be distributed in seven. 
rows vertically, and twelve rows horizontally. Two spaces “i 
left between the rows vertically, and one space horizontally, bee 
the passage of braces. At spaces, distance between centres 0 
tubes horizontally, 43 in. vertically, 2210. Distance between 

the centres of tubes, vertically, 23 10. k 

Upper Back Smoke-connexions.—The upper back ode = 
connexion to be immediately over the lower one, 18 in. wide ‘l 
clear, with the back joined to the top and bottom by quadrant 
curves of 9 jn. radius. Into the bottom of this connexion, = 
through the side of the boiler next the engines, there is to be & 





circular manhole of 14 in. diameter, closed by a cast-iron cap of 


perforated at top and bottom with a row of 2 in. diameter holes, 
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anship, 3 in. thick, lined like the inner front smoke- 
mete ay od made air-tight by a faced strip fitting 
against a similar strip on a cast iron-iron frame surrounding the 
opening. Frame and attachment the same as descri for 
frame of uptake door opening of main boiler. Cap to be 
secured by a tool-finished wrought-iron bar with catches. 

Upper Tubes.—Immediately above the lower tubes there are 
to be ninety-six tubes, the same in all respects as the lower 
ones, except extréme length, which is to be 7 ft. 3in. These 
tubes are to be distributed into eight rows vertically and twelve 
horizontally. To have spaces left between them in two places 
vertically, and two horizontally, for the passage of braces. 
Distances between centres of tubes same as for lower tubes. 

Outer Front Smoke-connexion.—The outer front smoke- 
connexion is a rectangular box 13 in. wide, 3 ft. 3 in. broad, and 

61 in. high. Its front, which is open, is to be surrounded by a 
cast-iron frame similar to that described for the frame around 
the opening of the uptake door of the main boilers; and upon 
this frame is to be hung a cast-iron door, in two parts, to open 
horizontally, and overlap ing each other 3in. when closed. 
Fach part to have a moulding cast completely around it, and 
to be lined in the same manner as described for the uptake door 
of the main boilers. * The hinges, two in number for each part, 
to be upon the sides, and made as described for the furnace 
doors of the main boilers, and the doors to fasten with two tool- 
finished wrought-iron latches and catches, closing air-tight by a 
faced strip against the similar strip on the frame. 

Iron.—The boilers are to be stiffened in the direction of 
their breadth at top and sides, down to 12in. below crown of 
furnaces, with T iron placed every 12 in., to which the bracing 
will be attached. The Tiron to be of the dimensions and 
riveted to shell in the manner described for that of the main 
boilers. 

Bracing.—Between the top of furnace and top of boiler 
there are to be thirty-two horizontal cross-braces 1} in. dia- 
meter, and twelve vertical braces of the same diameter, to be 
attached to T iron, and to pass through the spaces left for them 
between the tubes. The areas thus braced will be about 12 in. 
square. The flat water spaces to have socket-bolts, as described 
for the ‘main boilers, and all the — described for the 
bracing of these boilers to appiy, to the superheating boilers. 

Thickness of Plate.—The thickness of plate to be as described 
for the main boilers. ’ : ; ; 

Quality of Materials and Workmanship.—The quality of 
the materials and workmanship to be as described for the main 
boilers. 

Manholes.—There is to be a manhole in the front of the 
boiler in the steam-room, and one in each spandrel of the furnace ; 
to be of the same dimensions and kind as described for the main 
boilers. ‘ 

Handholes.—There is to be a handhole in each ‘spandrel of 
the ash-pit; to be of the same dimensions and kind as described 
for the main boilers. 

Test, Paint, Attachment to Vessel, and Felting and Leading. 
—The test pressure, paint, attachment to vessel, and felting 
and leading, to be the same as described for the main boilers. 

Appendages to Boilers.—The appendages to the superheating 
boilers to be the same as described for the main boilers. 

Gauges.—The superheating boilers each to have two glass 
water-gauges and sets of gauge-cocks; the lowest cock of one 
set ra placed 1} in. above the highest point of the flues, 
and the lowest cock of the other set to be placed on a level 
with the second row of tubes from the top of the Jower mass 
of tubes. 

Passage of Steam through Superheating Boilers.—The space 
between the back smoke-connexions and shell to be entirel 
closed by the T iron across the top and down the side, to whic 
the delivery stop-valve is holted; the other side to be left open, 
and without T iron, for the passage of the steam from the 
receiving stop-valve, which will be bolted to the back of the 

iler. This will cause the steam from the main boilers to pass 
all the superheating tubes. 

Steam Stop-valves. Thickness of Metal—There are to be ten 
main steam stop-valves, namely: one on each of the main 
boilers; two on each of the superheating boilers, and two in the 
steam-pipes, for the purpose of passing the steam directly from 
the main boilers tothe engines. They are to be screw stop- 
valves of the same finish as the engine stop-valves, and to have 
the same arrangement for opening and closing. The valves, 
seats, and valve stems to be of brass; the chambers to be of 
cast iron. Least thickness of metal of chambers, zin.; face of 
flanges for bolting to boilers, 4 in. ; thickness, 1} in. ; face of other 
flanges, 3in.; thickness, 14in. Chambers to be supported from 
the flanges, bolted to boilers by eight ribs, } in. thick. 

Stop-valves of Forward Main Boilers.—The stop-valves of 
the forward main boilers to be placed upon the ends of the boilers, 
with the hand-wheels in the fire-room. Valves to have 11 in. 
—— of opening, and to have two nozzles each 11 in. inner 

Stop-valves of After Main Boilers.—The stop-valve for the 
- _ eae to be placed on the backs of the boilers, the 
tha 4° to be reached from recesses in the coal-bunkers. 
hes en © 11 in. diameter of opening, and to have three 
peer = _ Pots 11 in. —_— ers one for bolting 

voller, 4 in. inner diameter. 
eta of Superheating Boilers.—The receiving sto 
of these bot superheating boilers to be placed on the bac 
fo the be ers : the hana-wheels to be reached from recesses 
inom aol “ “ ers. Valves to have 13} in. diameter of open- 
a pe! A have two nozzles (one for bolting to boilers), 
dé te mache age | are The delivering stop-valves 
diameter, and to have these yaa ves fo ae . built = 
each. The delivering valve that > _ a . roy ~ s 4 
heating boiler to have its nozzles 1334 , aes tention andl ie 
enen the poe ane toe — 33 in. inner diameter, and the 
1Shin. inner din superheating boiler to have one nozzle 
jena ‘ian a for bolting to boiler ; one nozzle 15 in. 
stuffing-box heed tin nozzle 133 in. inner diameter, with a 
Joint; depth of gland, 4 in.” “84 10m. deep, for a slip- 

Stop-valves in Steam-pipes —The sto 7 

: : . e stop-valves that are bolted in 
me ona Ras 1 have an opening of 38h. dame. The 

ianetes Lar th © to have two nozzles each of 134 in. inner 

»# € one on the starboard side to have three 





nozzles—one of 13iin. inner diameter, and two of 15 in. inner 
diameter. 

Bolts of Stop-valves.—The valves are to be bolted to boilers 
with 1 in. diameter turned wrought-iron bolts, placed 4 in. apart 
between centres. Flanges and bonnets to be secured with the 
same kind of bolts, placed 6 in. apart between centres. Nuts 
tool-finished. 

Safety-valves.—Each of the main boilers will have a safety- 
valve of 8 in. diameter of opening. 

Valve-stem, Valve, and Seat.—The valve and its stem to be 
cast in one piece of brass, and finished all over. Diameter of 
be or part of valve-stem, 1} in.; of lower part, lin. ; thickness 
of valve at centre, 14 in.; face of seat, Zin. Valve-seat to be of 
brass, 3 in. deep and } in. thick, with a centre guide for valve- 
stem, 14in. diameter, bored lin. diameter, and supported by 
three atms }in. thick. Top of valve-stem to have a wrought- 
iron head screwed on for the links. 

Chamber.—Chamber to be of cast iron; least thickness of 
metal Sin. To be bored for valve-seat, and to have faced flanges 
for bonnet and escape-pipe 3in. wide and lin. thick. Flange 
for bolting to boiler to be 4} in. face and 1}in. thick. To havea 
nozzle of 3 in. inner diameser, with a faced flange, to receive the 
escape-pipe of the superheating boilers. 

Bonnet.—Bonnet to be of cast iron in. thick. To have cast 
upon it a stuffing-box bored 2} in. diameter and 3 in. deep, and 
to have flanges faced on both sides Zin. thick. Stuffing-box 
gland to be of finished brass } in. deep. 

Lever.—Lever to be of wrought iron, tool-finished, 42 in. long 
from centre of fulcrum to centre of weights, and 50} in. extreme 
length; width of fulcrum end, 3in.; at weight end, 2in. To 
be swelled around the hole for the pin of the links to a width of 
33in. Thickness of lever throughout its whole length, 3 in. 
To have a hook on the weight end to prevent the weight from 
slipping off. 

Fulcrum, Guide, and Links.—Fulcrum and guide for lever 
to be of tool-finished wrought iron screwed into the bonnet. 
Links to be of tool-finished wrought iron, 4 in. between centres, 
23 in, wide, and 4in. thick. Pins to be of turned wrought iron 
1} in. diameter, with wrought-iron nuts. 

Weights.—There are to be two lead weights cast with finished 
brass linings or slides for lever. Slides to have flanges for lock- 
ing the lead, and projections for a steel set-screw in each weight. 
Each of the weights to be 5 in. long in the direction of the length 
of the lever, 114in. wide, and 6 in. thick. 

Safety-valve Hoisting-gear.—Safety-valves to be arranged to 
hoist from the fire-room floors by means of an iron double pur- 
chase block and pulley, with a chain carried over a turned cast- 
iron barrel supported on journals in brackets. Barrel to have a 
finished hand-wheel of cast iron, with a ratchet wheel and 
wrought-iron pawl. 

Steam Escape-pipe.-—The steam escape-pipe to be of copper 
3, in. thick, to be 8in. diameter between the valve-chambers, 
and bowed upward to a height of 2ft., where it will join the 
vertical centre pipe which will be 3; in. thick and 11 in. diameter. 
All joints to be well brazed. The ends of the pipe that join the 
valve-chambers to have faced brass flanges, and to be secured by 
six turned wrought-iron bolts and nuts jin. diameter. Flanges 
to be riveted on, caulked on both sides and brazed. Vertical part 
of pipe to be well secured to smoke-pipe at intervals of 8 ft. with 
brass clamps. Top of escape-pipe to be carried to the top of 
7 , and to be globular, with inverted cone and cup. 

Fee Chek caleenntinah of the main boilers to have a screw 
check-valve, to be entirely of brass, 4in. diameter of opening, 
and 4 in. least thickness of metal. Flanges to be 3 in. thick and 
faced; lower flange held by five turned wrought-iron bolts and 
nuts in. diameter. Cover to be of finished brass 4 in. thick, 
with flanges 3 in. thick, secured by six turned wrought-iron bolts 
and nuts in. diameter. Stuffing-box to be cast on cover and 
finished; to have a finished screw gland. Valve and stem to be 
of brass, finished; stem to be lin. diameter. Screw-stem to be 
of brass, finished, 1}in. diameter, and to have a socket on its 
lower end bored to receive the valve-stem; to have also a screw 
thread cut upon it, fitting a thread cut in the lower part of 
stuffing-box, and a finished brass hand-wheel 8 in. diameter on 
its upper end. Valve to close independently of the screw-stem 
and to be guided below. 

Blow-valves.—Each main boiler to have a brass blow-valve of 
4 in. diameter of opening; to be of the same design, finish, and 
thickness of metal as the feed check-valves, except that the valve 
will not be independent of the screw-stem, but will raise and 
lower with it. 

Small Stop-valves for Superheating Boilers.—Each of the 
superheating boilers to have a screw stop-valve for supplying 
donkey pumps, to be of the same design and finish, and of the 
same kind of materials, as the main stop-valve. Diameter of 
opening 4} in. 

Superheating Boilers and Safety-valves.—In the same casting 
with the stop-valve, and between it and the boiler, there is to 
be a safety-valve of 3in. diameter of opening. Valve to be of 
the same design and finish, and of the same kind of materials, as 
the main safety-valve; to be weighted to a pressure of 45 lb. to 
the square inch. 

Escape-pipe.—Escape-pipe to be of copper, 3in. inner 
diameter, and No. 14 wire gauge thickness; to have a brass 
flange } in. thick riveted to pipe, caulked on both sides, brazed, 
and secured to nozzle of valve with four turned wrought-iron 
bolts § in. diameter. This pipe to be carried back of the front 
edge of the main boilers on a continuous gentle rise, to the 3 in. 
nozzle on the chamber of the main safety-valve to which it is to 
be bolted by a flange—the duplicate of the one just described. 

Superheating Boiler Check and blow Valves.—The feed and 
blow valves to be duplicates, except in the separation of the 
valve from the screw-stem in the case of the former. To be 
screw-valves, entirely of brass, and 2 in. in diameter of openings; 
least thickness of metal 3 in.; thickness of flanges §in.; to be 
of the same form and finish as the check and blow-valve for the 
main boiler, 

Surface Blows.—Each of the six boilers to have a surface 
blow. Those of the main boilers to consist of a finished brass 
cock of 2 in. diameter of opening placed in the shell 8 in. above 
the highest part of the tubeplate, and a similar cock placed ‘on 
the main blow-off pipe below the valve; cocks to be connected 
by a brazed copper pipe of 2 in. inside diameter and of No. 11 
wire gauge thickness. Those of the superheating boilers to con- 





sist of a finished brass cock of 1 in. diameter of opening placed 
3 in. above the top of the flues, and a similar cock placed on the 
blow-off pipe below the valve; cocks to be connected by a brazed 
copper pipe of lin. inside diameter and of No. 14 wire gauge 
thickness. 

Air-valves for Roilers.—Each of the six boilers to have an 
air-valve 13in. diameter of opening, to open inward by atmo- 
spheric pressure when the latter is greater than the pressure 
within. Valve to be unweighted, but to have a guard and to be 
well guided above and below. All parts to be of brass, finished, 
with faced flanges and finished screw-cover. 

Steam-gauges.—Each of the six boilers to have a spring gauge, 
of not less than 9in. diameter of face, attached to the shells. 
The main steam-pipe at the end of the fire-room to have one 
mercurial syphon pauge attached. 

Salinometers.—Each of the six boilers to have one of Long’s 
salinometers attached, to be placed in a convenient and easily 
accessible position. 

Pipe for wetting Ashes. —A — water pipe of 2 in. 
diameter to be brought beneath the floor to each end of the fire- 
room, and to have a nozzle at each end of each pair of boilers, 
with brass cocks, to which a gum hose of 2in. diameter and 
16 ft. long is to be coupled. Each hose is to have coupled to its 
other end a brass pipe 2 ft. long, tapering to 1}in. diameter, 
and fitted with a rose of 4 in. diameter; holes in rose to be 4 in. 
diameter. Water pipe to connect with a nozzle on the screw 
injection-valve for the donkey pumps. 

Ventilators.—There are to be six ventilators in the fire-room, 
two at the centre and two at each end; to be of 18 in. internal 
diameter, and made of plate iron, riveted. Seams to be butted, 
and heads of rivets inside to be countersunk. Ventilators to be 
bell-mouthed at bottom and at top, and at top to have moveable 
hoods curved to a quadrantal form, and governable by a handle 
from the fire-room floors. 

‘or hoisting Ashes.—The two ventilators that are placed be- 
tween the forward and the after pairs of main boilers to be ar- 
ranged for hoisting ashes through them from the deck by means 
of wrought-iron double purchase-blocks and pulleys. Blocks to 
be permanently attached to top of ventilators. Ventilators to 
have side doors for hauling through the ash-buckets. 

Ash-shoots.—Two plate-iron ash-shoots to be fitted to side of 
vessel in such a manner as to admit of their being easily shifted 
from side to side. 

Coal-bunkers.—The bulkheads for coal bunkers are to ex- 
tend across the vessel forward and abaft the boilers, along the 
backs of the boilers, along the sides of the engines, and abaft 
the engines. To be secured at top and bottom to wood of ves- 
sel by angle iron fastened with wood screws, Space between 
bulkheads and boilers 6 in. 

T iron and plates.—Bulkheads to be composed of ‘T-iron ribs 
22 in. by 24 in. by 3 in. thick, the web to be inside. The ribs to 
be placed 3 ft. apart, and to them are to be bolted iron plates of 
4 in. thickness (except the lower plates which are to be .9, in. 
thick) with wrought-iron bolts of 4 in, diameter; nuts to be in- 
side. 

Doors.—Two wrought-iron doors, each 18 in. wide by 5 ft. 
high, in halves vertically, to be placed in the bulkhead at the 
forward end of fireroom, and one in each portion of the bulk- 
heads that comes between the boilers. ‘To be fitted with neat 
tool-finished wrought-iron hinges, latches, and catches. 

Paint.—The bulkheads are to be painted on both sides of the 
iron with three coats of brown zinc iy with the exception 
of the faces exposed to the engine and firerooms, which are to 
be painted with three coats of white lead paint. 

toreroom.—The engineer’s storeroom to be at after end of 
engines. ‘To be fitted up as directed, with shelves, lockers, and 
doors, well painted. 

Donkey Pumps.—There are to be two flywheel donkey steam 
pumps. To be of approved pattern, and each pump to be of 
500 gallons per minute capacity, pumping against the boiler 
pressure. All parts of the pumps to be of brass. Steam 
cylinders to be of hard cast iron, and pistons to be of brass. 
Valve faces of brass and valves of cast iron, as hard as tools 
can work, Cylinders not to be oscillating. 

Each pump to have four nozzles for fire hose. Pumps to be 
arranged with nozzles, pipes, and valves, for pumping from out- 
board into the boilers; from the boilers outboard through dis- 
tilling apparatus, and for fire hose. The pumps will also be ar- 
ranged for pumping from the bilge outboard, and for working 
either by steam or hand at will. 

Injection-valve for Donkey Pumps.—The donkey feed-pumps 
to have a screw injection-valve of 6 in. diameter of opening, and 
of the same design, finish, and material as those of the main 
engines. Chambers to have a nozzle 2}in. diameter, with a 
faced flange, for fire-room water pipe; also a nozzle 3 in. dia- 
meter, with a faced flange, covered with a blank flange. 

Fresh-water Distilling Apparatus.—A fresh-water distilling 
apparatus to be provided, capable of furnishing one thousand 
gallons of potable water per twenty-four hours. Cast-iron 
shell in. thick, with seamless brass tubes fin. diameter, and 
brass tube plates 4 in. thick. Tubes to be expanded on one side 
of plates, and rivetted over the other side; tubes and plates to 
be well tinned. Suitable brass cocks or valves, with wrought- 
iron pipe 2} in. diameter, and connexions for supplying steam, 
to be provided ; also copper pipes ,4; in. thick and 3 in. diameter, 
for circulation of refrigerating water. Water pipe to connect 
with donkey pumps, and to deliver overboard through a brass 
check valve, placed 2 ft. below the light-load water line. 


MiscELLANEOvs ArtIcLES, DuPLIcATE Pieces AND TOooLs, 
AND Merauiic Rupprer For VESSEL. 


Gallery and Hand-rails.—A light cast-iron gallery with raised 
ledges at the edges to extend between the condenser and engines 
and between the two exhaust pipes, and to be arranged for stairs 
from the berth deck and to the engine-room floors. To have 
finished brass hand-rails 14 in. diameter, supported by finished 
wrought-iron columns. Bottom of columns to be fitted to bored 
sockets cast on gallery, and tops to be fitted to finished brass 
sockets on the hand rails. 

Finished brass hand-rails to be placed about the engines 
wherever required. 

Stairs.—Cast-iron stairs 20in., to descend from the berth 
deck to the engine gallery, and from end of gallery to engine- 
room floor. The coal bunker at forward end of forward fire 
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room to be recessed 2 ft, dee 
stairs 21 in. wide. Stairs to 
same as deseribed for gallery. 
Shaft-alley.—A shaft-alley to be made from the after bulk- 
head of the after fireroom to the dead wood of the vessel. To 
be made of } in. thick iron rivetted together, except at bottom, 
where the iron is to be }in. thick. ‘To be painted on the out- 
side with two coats of brown zine paint, and on the inside facing 
the shaft with two coats of white lead paint. 
Deck-plates.—There are to be thirty cast-iron deck-plates, 
with openings 16 in. in diameter for the coal bunkers. Covers 
to be of cast iron, to be turned, with provision for easy lifting, 
and to have sufficient strength to permit the transportation of 
the heaviest guns. Joints between cover and plates to be faced 
water tight. Covers and plates to be flush with each other and 
with the deck. Gratings to be provided to-fit into the same 


and 7 ft. wide, for a cast-iron 
aye a finished brass hand-rail the 





places as the covers, to be of cast iron and finished like the | 


covers. 

F loor-plates.—The fire room between boilers, and the pas- 
sages surrounding the engines, are to be floored with corrugated 
cast-iron plates jin. thick, with propet ledges. 

Oil-cups.— Each erank-shaft jourval and pinion-shaft journal 
to have three large finished brass oil-cups, self-adjusting, and of 
approved designs, Eaeh crank pin journal to have two properly 
designed finished brass oil-cups, self-adjusting, of large size. 
All other engine journals and moving parts to have a finished 
brass oil-cup of suitable size. Each cylinder aud each cylinder 


valve-chest to have two properly finished brass grease cocks, | 


with globe, upper cock, and cup. When necessary, sheet-brass 


drip-pans to be attached. 








&c., for the feed and bilge pumps. One set of follower-bolts and 


nuts for each steam-piston and air-pump and circulating pump- 
piston. Three sets of brasses for the journals of the 
crank-shaft, Two sets of crank-pin brasses for each crank- 
in. One set of brasses for thrust-bearing, Twenty cones 
or balls for thrust-bearing. Two sets of brasses for line-shaft 
pillow-blocks. Two sets of brasses for cross-head joutnals. Two 
brass boxes for the Stephenson link. Two brass bottom gibs for 
cross-head guides. One crank-pin journal-cap, with bolts. One 
eross-head journal-cap, with bolts. Five boiler man-hole plates. 
Ten boiler hand-hole plates. One half set of grate bars. Two 
erank-pin oil-cups, with all appendages. ‘Three main journal 
oil-cups. Six medium-sized oil-cups. Twelve water-gauge 
glasses for engine reservoirs, in boxes. Sixty water-gauge 
glasses for boilers, in boxes. Sixty sulinometer floats, fifty of 
glass and.ten of copper, in boxes. Sixty salinometer ther- 
mometers, in boxes, Sixty common fhermometers, in boxes. 
Ten thermometers, graduated to 600° Fahrenheit, in boxes. 
Three hundred tubes for condenser, packed in boxes. ‘Three 


hundred tubes for boilers, packed in boxes. All duplicate pieces, | 


not of brass, to be painted in three eoats of white-lead and oil, 
and well lashed in tarred canvas, with name painted on outside 
Brass pieces to be painted with one coat of white lead and oil. 
Oil-tanks and Cans.—Copper oil-tanks of din. thick metal, 
containing in the aggregate 1500 gallons, to be well secured to 
bulkheads in accessible positions for filling and emptying. To 
have man-hole on top and brass cock on bottom, | in. in. diameter, 
with lock. ‘Two copper oil-tanks to contain 20 gallons each, 
with lid, cock, and drip-pan, to be placed permavently in the 


| engine-room in a convenient position. Two sets of copper oil- 


Steam-whistle.—A large finished brass steam-whistle to be | measures, four in number, from one quart toone gallon. Eighteen 


conveniently placed on deck, with copper pipe and cock con- 
nexion to boiler. 

Water-pipes——To be of brass, 3 in. in diameter, with hose 
attachments to supply the journals of the line shafting, pimion- 
shaft, crank-shaft, anc erank-pins. Also to supply the water 
brasses of the crank-shaft journals. A water-pipe to lead from 
dead wood stuffing-box cock to fire-room, to have a cock in fire- 
room easily accessible to the engineer. 

Brass Bowing.—All journals and moving parts of iron to ran 
upon brass boxes. 

Holes.—Ali holes through the ship shall be lined with brass, 
fitted water tight, and protected by a cock or valve on the 
inside. 

Hose.—Twelve lengths of leather fire hose, copper rivetted, 
to be provided, of 8) ft. each. Each length to be fitted with 
couplings and a copper pipe: the couplings to be made to cor- 
respond with those used im the navy. A reel, conveniently 
placed, to be provided for each length. 

Eye-bolts.—Wrought-iron eye-bolts to be properly located and 
seeured wherever required for lifting the different parts of the 
machinery; and particularly the covers of the cylinders and 
their valve chests, the covers of the air and circulating pumps 


and their valve chests, the large bonnets of the condenser, and | 





brass oil-cans for féeders. Eighteen small brass injection-feeders, 
Four brass drip-pans for cans. One copper tallow-tank to con- 
tain five hundred pounds. ‘I'wo brass tullow-kettles. 
Instruments.—F our paralle]-motion indicators of the largest size, 
with proper attachments of finished brass, to be fitted to each 
endof each cylinder. Pipes from indicator tocylinder, 14 in. inside 
diameter, with cocks of equal area of opening. Indicators to be 
made easily accessible, and the motion is to be reduced by 
levers, not spring wheels. One spring vacuum-gauge for the 
condenser, one placed near each statting-wheel. Face 9 in. in 
diameter. One mercurial vacuum-gange for the condenser, 
placed immediately on it. One mercurial siphon steam-gauge 
attached to main steam-pipe in engine-room forward of the 
throttle-valve. One spring steam-gauge similarly attached and 
placed near the starting-wheel. Face Yin. in diameter, One 
counter, one clock, one engine-room thermometer ; all to be con- 
veniently placed. One thermometer (stationary) im each fire- 
room. One aneroid barometer. One thermometet for fresh- 
water reservoir, one ditto in outboard delivery-pipe, and one 
ditto for injection-pipe ; to have their bulbs inserted, and to be 
made permanent fixtures with their stems protected by brass 
cases. One glass water-gauge on fresh-water reservoir. One 
engine-room gong and bell, with bell-pulls with finished brass 


the caps of all the pillow blocks, of the line, pinion, and crank- | plates and attachmetits, arranged from tlie deck wherever re- 


shaft journals. 

Lamps.—The shaft-alley, engine, fire, and store rooms to be 
furnished with large fixed swivel lamps, well secured to bulk- 
heads, of approved pattern, for burning eil. Six lamps in shaft- 
alley, five im engine-room, three in fire-reom, and one in each 
store-room. One hundred brass hand-lamps of approved navy 
pattern. Seventy globe-lamps, with fenders. 

Painting in addition to elsewhere described.—All engine work 
not finished to be painted in shop with two coats of brown zinc 
and oil. When placed in the vessel to be painted with two coats 
of ehrome-green and oil. Line-shafting in serew-propeller alley 
to be painted, after being placed in vessel, with two coats of 
white lead and oil, After the boilers are placed in vessel, the 
fronts to be painted with two coats of lampblack and oil. 

Quality of Materials and Workmanship.—All the materials 
used in the construction of the machinery to be of the best 





quired. Copper speaking-tubes to be arranged from deck to 


| engine-room, and from engitie-room to fire-rooms. 


Tools.—Two hydraulic jacks; two screw jacks; one plate of 
taps and dies; twelve screw wrenches, of assorted sizes; one set 
stocks und dies, 2 in. to 14 in; one set of wrenches, complete, 
for engines, fitted to all the nuts, and marked; wrenches for all 
nuts ot bolts of 2 in, diameter dnd over to be box wrenches ; one steel 
Square; one pair compasses; four pairs calipers, assofted sizes ; 
oue 6 in. vise; one hand vise; four sets of iron blocks and falls, 
double purchase, for lifting parts of machinery, aud arranged 
for eye-bolts; one hack saw, six blades; six rivetting hammers ; 
twelve hand hammers, assorted ; eight chipping hammers; four 
copper hammers; one drill standard, with set of drills; one 
crank drill-brace, with six drills ; three reatmers, assorted ; forty 
steel chipping chisels; six caulking tools; two centre punches ; 
four copper sledges; two iron sledges; two- pinch bars; one 





| upon conieal rollers. 





quality. The iron castings, where not specified of Stirling and } portable forge, with tools complete ; one iron ladle; three dozen 
Salisbury iron, are to be made of scrap cast iron—not pig. The tile-handles; seven dozen files, assorted; sixty steel shovels; 
brass to be of pure copper and tin from new materials. For all } two sets of expanding tools for boiler-tubes ; two sets of fire- 
journal-boxes and guide-gibs the composition to be by weight— | irons; twelve steel scaling tools for tubes; forty steel scrapers 
six parts of copper, one part of tin, and one-fourth of one part of | for tubes; forty sets brushes for sweeping tubes; fifteen ash- 
zine. For other brass work the composition to be eighty-eight | buckets, ten painted with three coats of brown zine and oil; 
parts of copper, ten parts of ten, ro two parts of zinc, ‘The | fifteen coal-buckets, ten painted with three coats of brown zinc 
iron castings to be smooth-skinned and true to form, and before | and oil; six iron wheelbarrows, with two 8 in. wheels each; one 
being painted to be well vitrioled and cleaned of sand and scale, | pump for oil-tank; six axes; thirty cape chisels; thirty cold 
Brass castings to be smooth-skinned and true to form. No un- | Chisels; four rules, twofold, 2ft.; six iron coal-buckets, for 
sound forgings or impertect castings to be used, whether the | coaling the vessel; two spring-balances; two Fairbanks’s plat- 
imperfection relates to strength or appearance. All copper pipes | form scales, to weigh 200 1b.; two beam scales, to weigh 
to be brazed, and to have brass flanges riveted on, caulked on both | 8001b.; nine log-slates, hinged, and 75 slate pencils; forty 
sides, and brazed. All pipes not otherwise specified to be of ; water-buckets, bound with brass, and painted white inside and 
copper. All nuts on rough castings to set on tacing-pieces | green outside, und lettered Engineer Department. 
raised above the surface. The work to be in every respect of  Audder.—There is to be a metallic equipoised rudder, guided 
the first quality, executed in a workmanlike and substantial | by a shoe passing beneath the screw propeller and secured to 
manner. All the flanges to be faced and grooved. No standing- | the sternpost. All the brass used is to be of the same compo- 
bolts to be tapped through into vacuum spaces, nor other bolt- | sition as the screw propeller. 
holes to be drilled through into such spaces. All bolt-holes to| Audder-stock.—The rudder-stock to be of faggotted wrought 
be reamed, and the body of the bolts to be finished to fit them | iron 9 in. diameter, and of sufficient length to extend to bottom of 
snugly. All brasses to fit loosely between collars. All cocks | rudder. To have four arms forged at right angles upon each side 
communicating with vacuum spaces to have bottom of shell cast | of it for forming the blade. Arms to be 24 in. thick, and 8} in. 
in, and to have the plug packed by means of a stuffing-box and | Wide at the stock; the longest after one to be 4 in. wide at the 
follower. All nuts on moving parts, and on pillow-blocks, to be | end, the longest forward one to be 2 in. wide at the end, and all 
thoroughly secured with keepers, pins, or serews. All brass | the arms on the same side to have the same taper. Each end 
boxes for journals to be propery channelled for oil distribution. | of the stock to be turned as far as the arms. ‘The lower end, 
All cast flanges to be chipped and filed true to finished flanges. | for a length of 12} in., to be turned 7 in. diameter for the lower 
If, after the completion of the machinery, there shall be at any pintle; the upper end, for a length of about 30 in., to be turned 
time discovered in it any departure from these specifications | 8 in. diameter for the tiller, and, for a length of 8 in. from the 
tending to cheapen its construction by lessening the thicknesses | end, to be turned 7 in. diameter, and to have a brass cylinder 
of metal, or by substituting iron for brass, or tool-finish for | shrank on and turned 8 in. diameter for receiving the roller 
finish, or brass in which zine is a larger element, or by omission } Collar, 
of finish, or by lessening the diameters and areas of pipes, valves, | Brass Casing—The entire forging below the part that is 
&e., the injury to the Government thus received shall be esti- | turned for the tiller to be covered with brass, of not less than 
mated by a board of engineers, and the amount recovered from | } in. thickness, cast upon it; the outline frame of the blade to 
the contracting parties. } be in the same casting. The upper part of the stock is then to 
Duplicate Pieces—All duplicate pieces to be finished, | be turned as far as the blade (leaving the fiuished thickness of 
fitted, and ready for putting in. They are to be as follows, | the brass } in.), and the lower pintle is to be turned 8 in. dia- 
namely; Two sets of gum-valves forall pumps. Two seats, with | meter for a length of 13 in. 
guards, bolts, &ec., for receiving and delivering valves of air- Blade.—The blade of the rudder is to be formed of copper 
pump. Two seats, with guards, bolts, &c., for receiving and} plate 4 in. thick, which is to be secured to the outline frame 
delivering valves of circulating pump. Four guards, with bolts, | and to the arms by through copper rivets { in. in diameter, and 











—— SS 

24 in. between centres. The after part of the outline frame j 
to mould 2} in., and the forward part to mould 2 in. ; siding to 
conform to the taper of the arms. . 

Rivetting of Plates.—All the joints of the plates formi 
blade to be butted and strapped inside; the heads of dhe finele 
to be countersunk on the outside. The blade to be stayed with 
§ in. diameter copper screw tap-bolts, placed 12 in. from centre 
to centre. 

Length and Breadth.—The length of the rudder-blade w; 
be obtained from the vessel. The greatest breadth will be? fe 
2 ft. 3 in. of which wiil be forward of the stock, and 4 ft. 9 in, 


| abaft the stock. All the seams to be chipped and caulked, and 
— water-tight. j 


Roller Bearing.—The rudder is to be supported by a finished 
wrought-iron collar, keyed to the top of the stock, and running 
Rollers to be of hardened steel, finished 
and torun in a finished groove in a cast-iron plate bolted to the 


| deck. ‘Tiller to be of wrought iron, and of such form and 
| dimensions as may be required. 


Shoe.—There is to be a brass shoe beneath the screw pro- 
peller, joining the sternpost, and made with flanges toextend upits 
sides and back. The after end of the ghoe to have a boss 
arranged and bored to fit the pintle of the rudder. The shoe to 


| be 4 in. thick and 40 in. wide at the sternpost, 3 in. thick and 


15 in. wide at the boss, and 14 in. thick by 16} in. wide at the 
forward end. The shoe to curve from its greatest to its least 
widths. 

Ribs.—Shoe to have three ribs on its top, each 1} in. thick, 
and width so arranged as to give the greatest possible strength, 

Flanges and Bolts.—The side flanges of the shoe extending 
up to the stern bearing to be 16in. wide and 14 in. thick; to 
be bolted through and through with 1} in. diameter copper bolts 
12.in. between centres, zigzagged 6 in., and rivetted over into 
countersinks. In the back flanges there are to be two rows of 
copper bolts 1}in, diameter, 12 in. between centres, and with 
countersunk heads. 








THE RIVER TUNNEL AT CHICAGO, U.S. 


For several years past thie citizens of Chicago have been 
agitating the question of a tunnel underneath the river which 
winds through that city. At present immense inconvenience and 
loss of time are experienced from all the bridges containing 
“draws,” and so great has become the navigation, that these 
“* draws” stand open wr the average just about one-half the 
time. At last a tunnel is to be constructed; it is to consist of 
three passage ways—the centte one for foot passengers and the 
side ways for vehicles. The bottom of the tunnel will, in the 
centre of the river, be 32 ft. 4 in. below low water. ‘The gradé 
between the ends of the approaches and the centre of the riveris 
to be uniform. The middle passage is to be 145 ft. in height; 
the width, 10 ft. Each of the side passages is to be 11 ft. wide. 
The perpendicular walls between the passage ways will be 2 ft. 
thick; the corresponding portions of the outer abutments 4 ft. 
thick. The arches will be 24 in. at the top. ‘The backs of the 
abutments will continue upwards, perpendicularly, to 3 ft. above 
the springing line of the upper arclies. Then a sloping flagging 
course will commence and rise to 4 point 18 in. ubove the top of 
the outside of the upper arches. This flagging course, which is 
to be 10in. thick, ia to be laid entirely across from one side of 
the tunnel to the other. 

The section of the tunnel thus described will extend entirely 
across the river, a distance of 165 ft, At the dock line on each 
side the flagging course previously described will stop, but in all 
other respects the section of the tumnel is to be the same way 
from the dock line, a further distance of 68 ft., except that the 
middle passage way is to be pierced on each side of the river, 
just outside of the dock lines, for stairways up to the street 
surface, where entrance houses are to be built, each 35 ft. long 
and 13 ft. wide. Each stairway is to consist of two flights of 
twenty-eight steps, with a rest between of 5 ft. nett. 

In the centre of the middle passage way there will be a well 
5 ft. in diameter by 8 ft. in depth, to be connected by a brick 
sewer with another well under the steps of the east entrance 
house. This arrangement is intended for the purpose of drainage. 
Through each middle wall of the tunnel there will be fifteen 
openings. 

It is proposed to construct the tunnel by means of coffer-dams 
—excavating from the surface instead of tunneling under. When 
completed the coffer-dams will be removed. ‘The tunnel is to be 
yentilated by four shafts on each side of the river. Each shaft 
is to be citcular in forin, 4 ft. in diameter, with 12 in. brick walls 
laid in cement, and to be surmounted with a circular stone curb, 
protected by wrought-iron grating. It is to be lighted with gas. 
The work is to be done under the supervision of the city engimeer, 
and is to be completed by March 1, 1868.—American Artisan. 





Tue Peanopy Rrrie.—This breech-loading arm, the only 
one which successfully withstood all the severe tests for dura- 
bility imposed by a board of officers of the United States Army 
upon sixty-five competing rifles, is made by the Providence Too! 
Company, at Providence, United States. The Quebec Mercury 
in announcing that the Canadian Government have just ordered 
5000 of the Peabody rifles, for the use of the militia, observes # 
follows: “ We may here state that the Henry, like the Reming- 
ton rifle, has great defects, and is found to be dangerous to the 
eyes. The owners of these rifles frequently find it perce 
after a short use of them to get a raised sight placed near t : 
breech to protect their eyes. When heated to 160* im ome 
powder acquires an immensely greater force, and if this is no 
provided for, something must give way. There are no eng 
advantages in a repeater, at least, not in any that has x 
invented; a good breech-loader shoots quite fast enou Ty fit to 
Spencer rifle, though pretty well secured behind, is only 
be used on horseback ; and if it has any advantages over * eo 
revolver for this purpose, they are very few. Mili i 
after all, are the most competent judges, consider the sof the 
the best weapon of this continent. Pending the arriv hea 
Snider arms from England, a large portion of our vo or tis 
will be shortly served out with and instructed in the use or 
efficient weapon, and receive a full supply of ammunition 


possible emergencies.” 
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STEAM BOILERS FOR THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. W. AND J. GALLOWAY AND SONS, ENGINEERS, MANCHESTER, 
(For Description, see neat Page.) 
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GALLOWAY’S BOILERS. 

WE give, on the preceding page, engravings showing a pair of 
boilers which are now being constructed by Messrs. W. and J. 
Galloway and Sons, of the Knott Mill Ironworks, Manchester, to 
supply steam to the engines in the English department of the ensu- 
ing Paris Exhibition. The boilers are each nominally of 45 horse 
power, but they are calculated to furnish a sufficient supply of 
steam for engines developing four times that amount of indicated 
power, it being supposed, of course, that the engines supplied 
are of good design, and are in good working order. In our illus- 
trations, Fig. 1 is a longitudinal section of one boiler; Fig. 2 is 
partly a plan and partly a sectional plan; Fig. 3 is an end eleva- 
tion, and Fig, 4 is a transverse section, of the two boilers, taken, 
in the case of one boiler, through the furnaces, and in that of 
the other through the back flue. 

The boilers are each 24 ft. long by 6 ft. 6 in. in diameter, and 
the shells are made of the best Shropshire plates, the barrel plates 
being j in. thick, double rivetted at the longitudinal and single 
rivetted at the transverse seams, and the joints are, crossed half 
the length of each plate. The end plates are 7x in. thick, and are 
each in one piece. Each end plate is stayed by means of gusset 
plates attached to the barrel and ends by double angle irons, and 
care js taken that a space of 9 in. is left between the gusset 
stays and the flues, so that sufficient freedom may be given to 
the end plates around the flues to allow them to adjust them- 
selves to the unequal expansion of the flues and shell. Each boiler 
contains two furnaces, each 2 ft. 8 in. in diameter by 6 ft. 6 in. 
long, these furnaces uniting in a back flue of elliptical section, 
5 ft. wide by 2 ft. 9 in. high. The furnaces and flues are made 
of the same description and thickness of plates as the barrel, and 
the plates forming the furnaces are welded up. The firebars 
are arranged in the furnaces in three lengths, each 1 ft. 10 in, 
long. ‘The bars are § in. thick, and are set with in. air spaces. 

The chief peculiarity of the boilers consists in the patent 
water tubes with which the back flue of each is fitted. Each 
flue is furnished with twenty-one of these tubes and also with 
four ‘‘ side pockets,” the latter, which are formed us shown in 
the sectional plan, being intended to prevent the flame from run- 
ning directly through the flue. They are placed at the sides 
where no tubes are introduced, so as to throw the flame into 
the centre of the flue, and bring it as much as possible in con- 
tact with the tubes. The two pockets nearest the front of the 
boiler are placed opposite each other, so as to throw the products 
of combustion from the two furnaces into immediate contact; 
and by alternate firing and the admission of a proper quantity 
of air through a perforated plate at the bridge, the formation of 
smoke is very effectively prevented. This system has been 
adopted by Messrs. Galloway in a number of instances, and has 
been found by them to answer well. The tubes and side pockets 
are each made of a single plate without any rivets. 

From the inside flue of each boiler the products of combus- 
tion are led first down each side and then along under the bot- 
tom of the boiler. The side flues ure 4ft. 3in. high, the tops 
being level with those of the inside flues, and their outside walls 
are Sin. clear of the boiler in the narrowest part. The bottom 
flue is 3ft. Sin. wide and 2ft. deep under the centre of the 
boiler, The boilers are bedded on blocks of fireclay, and the 
shape and position of these, as well as of the tlues themselves, 
will be seen by the longitudinal and transverse sections. Each 
boiler is furnished with a steam chamber 2 ft in diameter by 
about 6 ft. long, and from the top of these steam chambers, 
which are each connected to its respective boiler by two pipes, 
the steam is taken to the engines. There are two safety valves 
on each boiler, these valves being 4 in, in diameter and being made 
with flat faces *, in. wide. They have no spindle, and have no- 
thing about thein that is likely to stick or ante fast through 
corrosion. The feed valve of each boiler is made with the 
valve itself loose on the spindle so that it can act as a check 
valve; and the blow-off cock, which is fitted to the front end 
of the boiler, as shown in the engravings, is a disc valve with 
four openings. The other fittings are of the ordinary construc- 
tion. ‘The boilers are intended to work at a pressure of 50 1b. 
per square inch, and will be tested toa pressure of 120 lb. per 
square inch. 

The boilers which we have above described are of the class 
ordinarily constructed by Messrs. Galloway and Sons, who have 
long advocated the double rivetting of the longitudinal seams, 
as they argue that the extra expense of such seams does not 
greatly affect the cost of the boiler, the greater strength ob- 
tained at the longitudinal joints enabling a lighter plate to be 
used to withstand a given pressure. The water tubes patented 
by the firm are now being very extensively adopted, upwards of 
80,000 of them being at present at work, and about 250 being 
now made weekly. These tubes have been introduced up- 
wards of fifteen years, and the patent for them was renewed by 
the Lords of the Privy Council in March, last year. Amongst 
other firms, Messrs. Titus Salt, Sons, and Co., of Saltaire, and 
Messrs. James Wrigley and Sons, of Bury, have replaced the 
multitubular and two-flued boilers which they had in use with 
others of Messrs. Galloway’s construction. 

The “ Galloway” tubes are tapered, and are made out of a 
single plate flanged over at the ends for attachment to the flues. 
They can be used either in boilers such as we have described, 
or in ordinary Cornish boilers, and, in addition to promoting the 
the circulation of the water, and giving additionai heating 
surface, they materially strengthen the flues. Messrs. Galloway 
and Co. have recently supplied seven water-tube boilers to 
Messrs. Hopkins, Gilkes and Co, of Middlesbrough, these 
boilers, which were 18 ft. long by 5 ft. 6 in. in diameter with an 
oval flue from end to end, being heated by the waste gases from 
the puddling furnaces, and being found to work very satisfactorily. 
Tlie other ordinary boilers usec. by Messrs. Hopkins, Gilkes 
and Co. are 20 ft. 3 in. long by 4 ft. 6 in. in diameter, and have 
a single flue 2 ft. 1 in. in diameter dropping down at one end to 
join the furnace flue. Our engravings of the boilers for the 
Paris Exhibition have been prepared from a tracing with which 
we have been kindly furnished by Messrs. Galloway. 


Paris Exurrrion.—Corrage Frrrincs.—We direct the 
attention of manufacturers of all kinds of cottage fittings in 
metal, pottery, glass, wood, &c., to an advertisement in another 
column, by which they are invited to exhibit objects in actual use 


WEAR OF IRON RAILS. 


One of the most interesting papers read before the 
Institution of Civil Engineers, in France, was a recent 
inquiry into the wear and tear of iron rails by M. 
Flachat. 

The importance of the subject, and the very large 
sums of money annually expended by the different 
railway companies for replacement of worn-out rails, 
induced that distinguished engineer to collect statistics 
of the repairs of the permanent way of different lines 
in France and in Belgium, in order’ to verify the 
theoretical conclusions arrived at. by him, and to sup- 
port them with practical proofs. 

- According to those statistics, the Belgian State Rail- 
way, in 1862, possessed 1756 kilometres of single line, 
or 34 million metres lengths of rails. In 27 years, 
being the total time of existence of that railway till 
1863, 5,930,000 metres of rails had been laid down in 
first construction and in repairs, leaving 2,387,000 as 
the total wear, or the total length of rails withdrawn 
from the service. The average of 28 years’ working 
would be about 90 kilometres, but, of course, the 
quantity of worn rails follows an increasing ratio. In 
1861 it amounted to 106 kilometres, or about 3 per 
cent., and in 1862 to 115 kilometres, or 3.3 per cent. 
of the total length of rails in use. The Northern Rail- 
way of France, having found their original section of 
rail, of 30 kilogrammes per metre, too weak for the 
heavy traflic, replaced the whole length of the line with 
stronger rails, weighing 37 kilogrammes to the metre 
length. In their report the engineers of this company 
remark that they might have retained the original 
sections of rails yet for some time without endangering 
the absolute practicability of working, particularly 
since an augmentation of the number of p rement had 
increased the resisting powers of the permanent way. 
Still it was thought the wiser course to anticipate the 
increased demand for heavier engines and trains, which 
the future was sure to bring forward, and to meet this 
demand by the construction of a stronger railway, 
which would be less liable to the excessive rapidity of 
wear, and the repairs of which would be reduced by a 
considerably greater sum annually than the interest of 
the increased capital required for the heavier rails 
could amount to. This course having been adopted in 
1853, the results have since fully borne out these 
anticipations. The reconstruction was completed in 
1860 at a total expense of 12$ million francs, of which 
one-half has been considered to represent repairs, while 
the other half has been placed to the capital account as 
representing an increased value of the plant. The 
Paris-Strasbourg line, with a total double length of 
974 kilometres, required a replacement of 329 kilo- 
metres, or about one-third of the whole, in the first ten 
years of its existence, giving about the same mean per- 
centage as the Belgian State Railway. The Orleans 
Railway, in a total length of 1615 kilometres, replaced 
121 kilometres in the year 1856. 

The average duration of rails on the main lines in 
France and in Belgium is about twelve years, the 
general average life ot rails being about fifteen years. 

The wear and tear of rails, as shown by general 
experience and corroborated by the above statistics, is 
very much in excess of what might have been expected 
from comparing it with the abrasion and the wear of the 
tyres. The contact between rail and tyre being such that 
each point of the latter will touch the rail only once 
in a revolution, it follows that a yard of rail should not 
be more worn by being passed over by a tyre of one 
yard in circumference than that tyre will be worn by 
one revolution, provided that both rail and tyre are of 
the same kind of material. Now this is so very far 
from the practical results that the difference in the 
material of tyres and rails must be the cause for an 
entirely diflerent mode of wear and tear in both. The 
mere difference in hardness could never account for 
the result. Hardness only means resistance to abra- 
sion, as represented by the impediment to the pene- 
tration of a cutting tool. With iron tyres the 
difference of hardness compared with the rails is 
scarcely perceptible, and even with steel tyres that 
resistance will, in but few instances, exceed double 
that of the rails. Still the rapidity of wear of rails, 
instead of being double, is more than tenfold compared 
with that of a steel tyre, and it must therefore be due 
to causes altogether different from mere abrasion. In 
practice the very appearance of a worn iron rail shows 
the different causes of destruction by the effects pro- 
duced. The loss of material by eaten proper is 
scarcely perceptible; it is, in fact, not the hardness 
but the malleability or homogeneity which appears to 
be insufficient. The flattened head and the indenta- 
tion formed into the bottom of the rail by the chair are 





in w special building in Paris next year. 





obvious proofs of a crushing effect; the loss of mate- 


rial does not take place in equal minute layers, but in 
large irregular splinters squeezed out at the sides of 
the rail-head, and particularly at the outer side, which 
from, the form of the wheel, gives the dislocated mass 
a readier escape than the inner side of the rail, 
where the flange of the tyre interferes with the lateral 
spread of the crushed material. 

It being established by observations and experiment 
that the wear of a rail is not due to the effects of 
abrasion, the true explanations of the results will be 
found in the consideration that the rail is destroyed by 
crushing and bending, being subjected to alternate 
strains which exceed its limits of elasticity, open up 
its numberless and sometimes imperfect longitudinal 
welds, separate the fibres produced by the roiling pro- 
cess, and ultimately dislocate the upper layers bodily 
under the crushing effect of the halle Its failing is 
want of homogeneity and tenacity in the material, and 
no amount of hardness on the wearing surface: no 
method of piling different sorts of material in its pro- 
duction will ever counteract this vital defect. 

There is only one method of producing a proper 
rail—viz., to make it of a homogeneous mass of great 
ductility and tenacity. 

Practically in the present state of our manufactures, 
there is only the Bessemer steel rail which fulfils all 
these conditions; its introduction therefore has become 
a question of economy with almost every heavy traffic 
railway in the world, and the facts ascertained with re- 
gard to its durability have been extremely surprising. 
Bessemer rails have outlasted twenty faces of iron rails 
placed side by side with them in points of extreme fre- 
quency of traffic, and even then they showed no deterio- 
ration, no destruction of their cohesion, no crushing 
effects, on their heads, nor indentations over the chairs, 
their only manner of wear being abrasion, the same as is 
the case with the steel tyre, and their durability being 
therefore equal to that of the latter, in exact propor- 
tion to the relative work performed by both. Expe- 
rience has further furnished the proofs that harduess is 
not a desirable quality with rails, the softer and more 
tenacious kinds of steel having given better results in 
durability and equality of wear than those made of 
hard steel, and this quite irrespective of any tendency 
of the latter to break. 

With the increasing traffic on almost all existing 
railways, with the growing tendency to increase the 
weight of engines, and trains, to run at higher speeds, 
to increase the load upon the driving wheels of the loco- 
motive, the substitution of steel rails for those of iron 
becomes more imperative day by day. The obvious 
opportunity for reducing the section, and thereby 
making up for the increased cost per ton of steel 
as compared with iron, is in most cases sacrificed to 
the desire of producing a stronger permanent way, and 
to the greater facility for successive exchange of old 
iron rails with new rails of steel. 








Messrs. J. F. CArL AnD Co.—This important Paris mechani- 
cal company has just reported progress for 1865-6. Some 
fears had been entertained that the results disclosed would not 
have been of a very encouraging character, as on the night of 
December 15, 1865, a fire destroyed the Paris works, inflicting 
damage to the amount of 80,0007. The sums received, however, 
from insurance offices in respect to this loss amounted to 72,0002, 
so that the actual loss which devolved on the company did not 
exceed 80007. The work on hand at the time of the fire was 
also taken up at the company’s Grenelle workshops, which have 
increased in importance since. The business of the company 
further increased in 1865-6. Thus the profit realised from the 
principal establishment at Paris alone amounted to 72,0002. The 
dividend for 1865-6 will be at the rate of 18 per cent. per annum, 
or 32. 12s. per 207. As regards 1866-7, the company has 
already work on hand to the estimated value of 240,000. The 
concern has done a good deal of work in Russia, and is endea- 
vouring to secure another large order in that quarter. 

Tue Harrison BorLer.—Notwithstanding the failure of 
this invention in England, it appears to have been successful in 
the States. Mr. Harrison’s first boiler, the well-known assem- 
blage of hollow cast-iron spheres, was put up in 1858 at the 
works of William Sellers and Co., of Philadelphia, and it gave 
very good results. The American Artisan, in a notice of Mr 
Harrison’s new works in Philadelphia, observes as follows: “ It 
is now less than a year since these works went into operation, 
and yet no less than six tons of castings are made up daily into 
boilers and sent away to fill orders, which are constantly i- 
creasing. The ‘Harrison’ boiler is now very extensively used 
in Philadelphia and its immediate neighbourhood, and is being 
steadily introduced near and far throughout the United States 
for stationary purposes, and we hope shortly, on account of its 
safety, to see it introduced for steamships and river steamers, 
more especially on the high-pressure boats of our Westera 
rivers. 

Tue Cuicaco Lake Tuxnet.—This wonder of modern 
engineering is gradually approaching completion. The length 
of the excavation from the shore end measured, & few weeks 
since, 7251 ft., that from the crib end in the lake, 1750 ft, 
leaving 1555 ft. yet to be excavated. The complete work, ex- 
tending straight out from the shore, will be nearly two miles in 
length, and it will be carried for the whole distance through 4 





bed of clay, out into water of 40 ft. depth, 
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WEST MIDDLESEX PUMPING-ENGINE. 


In the course of our description of the West Middlesex Water- 
works, in our last number, we gave some leading particulars of 
the pumping engines at Hammersmith, and we are now enabled, 
through the kindness of Mr. W. B. Hack, the engineer to the 
company, to publish, on pages 250 and 251, engravings show- 
the arrangement and construction of the “No. 5” engine at 
that place. This engine is the one most recently erected, and, 
as we stated last week, it is a Cornish engine, constructed by 
Messrs. Harvey and Co., of Hayle, working a double-acting 
pump. The steam cylinder is 80in. and the pump cylinder 
24} in. in diameter, the average stroke of both the steam and 
pump pistons being 10 ft. 

The beam is 32 ft. Gin, long between end centres, and is 
composed of two flitches 6 ft. 3 in. deep at the centres and 2 ft. 
1} in.at the ends. The web of each flitch is 3 in. thick, and 
the top and bottom flanges are 6}in. thick by 5g in. wide. At 
the points where the centres of the plug-rod, back links, air and 
feed pumps pass through the beam, bosses, Gin. thickand 9 in. 
in diameter at the smallest part, are formed on the web. The 
bosses through which the main centre passes are 12 in. thick 


and 2 ft. Gin. in diameter at the smallest part, and the bosses for | 


the piston-rod and pump-rod centres are 8} in. thick and 163 in, 
in diameter, the web of the beam around them being also in- 
creased in thickness to Gin. for a diameter of 2 ft. 1}in. The 
diameter of the piston and pump rod centres where they pass 
through the beam is 8}in., whilst that of the air-pump rod 
centre is 4in., and that of the feed-pump rod, plug-rod, and 
back link centres 3gin. at the same part. The flitches 
of the beam are placed ata distance of 2 ft. 4} in. apart, and 
are tied together at points 3 ft. 6 in. within each end centre by 
13in. bolts passing through the flitches and cast-iron distance 
ieces. The main centre is 163 in. in diameter where it passes 
through the beam, and 15 in. in diameter between the flitches ; 
it is secured in its place by two keys in each flitch, the holes for 
its reception being accurately bored out, and the main centre 
turned to fit them tightly. The bearings of the main centre 
are 13 in. in diameter and 1ft. 5in. long, and are situated at a 
distance apart of 7 ft. from centre to centre. The positions of 
the various points of attachment on the beam are given by the 
following dimensions:—Between main and feed-pump rod 
centres, 4 ft. 6in.; between main and plug-rod centres, 6 ft. 
Yin.; between main and air-pump rod centres and main and 
back-link centres, each 8 ft. 8in.; and between main and 
piston-rod centres and main and pump-rod centres, each 16 ft. 
3in. 

‘The plummer blocks of the main centre are supported by a 
cast-iron entablature, and not by a wall as shown in our 
engraving. The ends of this entablature, which is 3 ft. 9 in. 
deep, are built into the walls of the engine-house, whilst the 
intermediate portion is supported by four cast-iron Doric columns 
placed in pairs—one pair under each plummer block. Besides 
these, there are also four half-columns placed against the walls 
under the ends of the entablature. The length of the castings 
forming the entablature is 20 ft., and the length of the latter 
between walls is 17ft. The height of the main centre above the 
top of the entablature is 4ft. 6in., and its height above the 
engine-room floor 27 ft. 9 in., the clear height under the enta- 
blature being 19ft. Gin. The supporting columns are hollow, 
their diameter at the top being 18 in. and at the bottom 22 in., 
and the bolts holding the bases of the main centre plummer blocks 
passing down through them. The columns are fluted on the 
outside, and the least thickness of their metal is about 14 in. ; at 
their lower ends they are fitted into a cast-iron base-plate 
bedded 6 in. below the floor of the engine-house on a substantial 
wall, 

In Fig. 2, page 251, we give a vertical section of the steam 
cylinder and piston. The diameter is, as we have already stated, 
80in., and the clear distance between covers is, at the sides, 
11 ft. 4} in., the distance in the centre being 33 in. more, owing 
to the dished form of the lower cover. The barrel of the 
cylinder is formed of metal 12in. thick, and it is surrounded by 
asteam jacket 85}in. in diameter inside, the thickness of the 
jacket being also 13 in., and it being strengthened by four annular 
ribs on the outside. The manner in which the jacket is con- 
nected to the cylinder is shown on the engraving, from which it 
will be seen that the lower end of the jacket fits upon a conical 
joint face formed on the outside of the cylinder, whilst at the 
upper end the cylinder has cast on it a flange which is bolted to 
a corresponding flange cast on the jacket. t 
Jacket and cylinder flanges is 2in. The steam passage leading 


to the top of the cylinder is 1 ft. 9 in. wide by 8in. high, and | 


that leading to the bottom of the cylinder 2 ft. 1in. wide and 
10in. high. The position of the passages is shown in Fig. 

The base of the cylinder, which also forms the bottom cover, 
is 1 ft. Gin. deep, and that part of it which actually forms the 
bottom of the cylinder is 13in. thick and is strengthened by 
feathers in the under side. 
the steam jacket is bolted is 2 in. thick and the bottom flange 
2} in. thick, the latter being strengthened by feathers and bosses 
where the holding-down bolts pass through it. The holding- 
down bolts are four in number, and are 3} in. in diameter at the 
screwed part, the part below the screws being reduced to 3 in. 
The top cover of the cylinder is 2 in. thick, and is strengthened 
by feathers on the upper side. It enters 7} in. into the cylin- 
Ger barrel, and is held by thirty-two 12 in. bolts, the flange 
through which the bolts pass being 23 jn. thick. ‘The piston- 
rod stuffing box is 1 ft. Gin. long and 94 in. in diameter inside, 
the diameter of the rod itself being 7} in. The gland, which is 
heid by four 14 in. bolts, is of cast iron lined with gun-metal and 
the packing ring is also of gun-metal. The stuffing box is fitted 
with a lantern brass, which is supplied with steam from the 
Steam jacket by a pipe as shown in Fig. 1, The horizontal 
distance of the centre line of the steam cylinder from a vertical 
line drawn through the main centre is 15 ft. 104 in., and there 
is also the same distance between the vertical line just mentioned 
and the centre line of the pump cylinder. 

_ The steam piston is shown in section, in Fig. 1. It is of cast 
iron, and is 1 ft. 3 in. deep at the centre and 12in. at the sides, 
the thickness of the metal being 2in., and the disc being 
Strengthened by feathers on the under side. ‘The piston rod, 
Which is 7} in. in diameter for the main part of its length, is in- 
Creased in size to $} in. and 10% in. in diameter at the part with- 


The thickness of the | 


The flange of the base to which | 


in the boss of the piston, the latter enlargement forming a collar 
by which the downward puil of the. piston is received. The .rod 
is secured in its place by a cotter, placed in a recess formed in 
the upper side of the piston. The piston packing consists of a 
cast-iron ring 5in. deep and lin. thick, except near the lower 
edge, where its thickness is increased by a flange to liin. This 
ring is packed behind with hemp, the latter being tightened by a 
junk ring kept in its place by twelve 14 in. screws, which take 
into brass nuts let into suitable recesses in the piston. 

The steam, equilibrium, and exhaust valves are of the double- 
beat kind, and are 11 in., 15 in., and 18 in. in diameter respec- 
tively ; they are arranged in the usual nozzles. The equilibrium 
pipe between the bottom and top of the cylinder is 15 in. in dia- 
meter inside, and is fitted with a throttle valve, the use of 
this valve being, as we explained last week, to check the rush of 
the steam from the top to the bottom of the cylinder, and thus 
to prevent racing during the out-door stroke, in case the head 
against which the engine is working should be less than that to 
which the pump rod is loaded. The lower end of the equilibrium 
brium pipe fits into a stuffing box formed on the lower nozzle, 
this arrangement allowing for the expansion or contraction of 
the pipe and cylinder. The eduction pipe from the lower nozzle 
to the condenser is 19 in. in diameter inside. The valves are 
| work d by an arrangement of gear shown in end elevation, in 
the general view, page 250, and which is similar to that usually 
employed on Cornish engines. 

The condenser is 2 ft. 9in. in diameter inside at its largest 
part, and is about 6 ft. high above the bottom of the passage 
leading to the air-pump. ‘This passage is 9 in. high by 1 ft.7 in. 
wide, and contains the foot valve, which is a cast-iron fap valve 
hinged at the top and hung perpendicularly. The air-pump.is 
2 ft. 9 in. in diameter, and the bucket has a stroke of 5 ft. 4 in. 
The bucket is of cast iron with a gun-metal packing ring, 
packed behind with hemp in the same manner as the piston 
ring, and the bucket valve is of india-rubber working on a gun- 
metal grid. The delivery valve is also of india-rubber, with a 
gun-metal grid. The air-pump rod is 3} in. in diameter. The 
air pump and condenser are contained in a tank into which the 
injection water is pumped, the tank being 7 ft. long by 6 ft. 
3in. wide by 7ft. 10}in. deep, and being formed of cast-iron 
plates. The bottom of the tank is 13 ft. 3in. below the floor of 
the engine-house. The feed and air-charging pumps are fixed 
upon the top of the eduction pipe, just over the condenser. 
They are both plunger pumps, the plunger of the feed pump 
being Gin. and that of the air-charging pump, 3} in. diameter. 
They both have a stroke of 2ft.9in. The cold-water pump 
is situated close to the main pump, and is worked by a rod at- 
tached to a bracket fixed to the balance box, as shown in the 
general arrangement. 

We now come to the main pump, which is shown in section in 
Fig. 4. As we have already stated, it is a double-acting pump, 
with a barrel 24} in. in diameter and a stroke of 10ft, The 
pump piston is of cast iron, and is packed in the same manner 
as the steam piston. The rod, which is attached to the pump 
piston, is 6 in. in diameter, and it is enlarged and tapered in the 
pump piston and secured by a cotter, as shown. The upper end of 
this rod is cottered into a socket formed on the lower end of 
another rod, 7in. in diameter, which passes up through the 
balance box, and carries the cap to which the pump-rod links 
are attached. The balance box is a cast-iron box of the shape 
shown in the general arrangement, the lower part being 7 ft. gnd 
the upper part 3 ft. in diameter. The balance box is loaded, so 
that sufficient pressure is put upon the pump piston to deliver the 
water during the down stroke against the greatest head against 
which the engine has to work, the pressure of the steam on the 
steam piston during the indoor stroke of the engine having to 
raise the weight of the balance box and its appendages in addi- 
tion to delivering the water due to the up stroke of the pump. 
The suction pipe leading to the lower end of the pump barrel is 
27 in., and that leading to the upper end 25} in. in diameter, 
whilst the passages leading from the ends of the pump barrel to 
the delivery valves are 26 in. in diameter. The lower suction 
pipe is made larger than the other, on account of the up stroke 
of the pump being performed more quickly than the down 
stroke. 

One of the suction valves is shown separately in Fig. 3, from 
which it will be seen that they are Husband’s patent four-beat 
valves. The dimensions are as follows: Outside diameter of top 
beat,<103 in.; inside diaineter of 2nd beat, 1 ft. 3 in.; outside 
diameter of 3rd beat, 2ft.; inside diameter of 4th beat, 2 ft. 
3in.; height of valve over all, 2ft. 4$in. These valves are 
of gun-metal, and the ribs connecting the upper and lower rings 
are canted, so that the action of the water on them turns 
| the valves partly round ‘at each stroke of the pump ; the 
j Seats are also of gun-metal. The upward blow of each valve 
,is received by a cushion of vulcanised india-rubber, which is 

secured to the underside of the cast-iron cross at the 
| top of the valve by means of copper rivets. The delivery 

valves are ordinary double-beat valves, striking on hard wood 
| seats. The outside diameter of the top beat is 2 ft. 1} in., and 
| the inside diameter of the bottom beat 2 ft. 4in., whilst the 
| height over all is 1ft. L0fin. The pipe connecting the upper 
' and lower delivery-valve boxes is 27in. in diameter at the top 
| and 26 in. in diameter at the bottom, and the branch leading to 

the main is 27 in. in diameter and is fitted with a sluice-valve. 

On the delivery pipe is placed a large wrought-iron air-vessel, 
| the diameter of this vessel at the largest part being 5 ft. 3 in., 
and the height of the top of it above the centre of the delivery 
pipe being about 21 ft. a 

In the engine which we have been describing, the steam, 
which is supplied from the boilers at a pressure of about 40 lb., 
is generally cut off at one-third stroke. The pumps work against 
a maximum dead head of 183 ft. 6 in., and when working against 
this head the pressure against them, including friction, is equal 
toa head of 200ft. The head just mentioned is that against 
which they work during part of the day; during the other part 
the work is lighter, the head against them being about 40 ft. 
less. The average speed at which the engine is run was, by an 
error, given in our account of the West Middlesex works last 
week as 16} strokes per minute. It should have been given as 
103 strokes per minute, the speed varying from 10 to 12 strokes 
per minute. L 

Outside the engine-house, the 36in. main into which the 
engines pump is fitted with one of Mr. Husband’s patent balance 














valves, which have been adopted at several waterworks with 
good results. .That at the West Middlesex works at Hammer- 
smith is the largest that is in use at any of the metropolitan 
works; it is shown in section in Fig. 1, page 251. The object 
of the arrangement is to. prevent racing of the engines in the 
event of a main bursting, and this it does by providing an 
almost constant head for the engines to pump against, whether 
the main is perfect or not. As will be seen from the engraving, 
it consists of a kind of three-beat valve placed in a suitable 
valve-box formed on the line of the main. Two of the beats of 
the valve are arranged in the same manner as those of an ordi- 
nary double-beat valve, except that the inside of the bottom is 
the same size as the outside of the top beat; but the third, 
which is smaller in diameter than the others, is arranged, as 
shown in the figure, within the upper of the other two beats. It 
will thus be seen that the pressure tending to lift the valve is 
that exerted by the water over the whole of the surface within 
the third beat. To counterbalance this pressure, whether there 
is a head in the main or not, the valve is loaded by means of a 
ram of the same diameter as the outside of the third beat, this ram, 
which bears on the upper side of the valve, being carried through a 
stuffing-box at the top of the valve-box, and furnished with 
weights at the upper end, as shown in Fig. 1. The weight 
applied to the valve in this manner is sufficient to load the area 
enclosed by the third beat to the same extent per unit of surface 
as it would be loaded by the head of water against which the 
pump.is intended work; and it thus follows that, if the main 
bursts, but little alteration is made in the pressure tending to 
close the valve, the only loss of downward ose ee being that due 
to the cessation of the pressure exercised by the head of water on 
the difference in the area enclosed by the first and second beats, 
which difference of area is acted upon by the ascending water 
when the valve is open, 

In the West Middlesex apparatus the valves and seat are of 
gun metal, and that part of the plunger which passes through 
the stufling-box is sheathed with the same material for a thick- 
ness of 1fin, The outside diameter of the lower beat is 35 in., 
and the inside diameter of the outer top beat 31 in., whilst the 
inside diameter of the top central beat is 18in., and its outside 
diameter 20in. The breadth of the faces of the beats is in each 
case Lin. The plunger is 20 in. in diameter, and the stuffing- 
box, through which it passes, is packed with an ordinary cupped 
leather. The plunger, which is secured to the valve by a cotter 
4} in. by 1} in., is made with a shoulder which rests upon the 
top of the gun-metal sheathing, and thus confines the latter 
between it and the valve. Above the shoulder the diameter of 
the plunger is reduced to 12 in., and it is fitted with moveable 
weights for giving the necessary pressure The rising of the 
valve is checked by a volute spring which encircles the upper 
part of the plunger, and is carried by a nut or collar screwed 
upon the latter. When the valve rises the top of the volute 
spring comes in contact with the underside of a wrought-iron 
cross, which both acts as a check and as a guide for the top of 
the plunger, this top part of the latter being further reduced to 
7} in. in diameter, The cross has arms 74 in. by 8} in. at the 
central boss, and 7} in. by 3 in. at the outer ends; and it is sup- 
ported by four ‘bolts or columns 5 in. in diameter. The lowest 
of the weights placed upon the plunger is made with eyes, which 
embrace and slide upon two of the columns just mentioned, and 
these two columns have screws formed on them near the lower 
end, the screws being furnished with nuts carrying collars, 
upon which, by adjusting the nuts, the weight of the plunger 
and its attachments can be received. 

We have said that the head against which the West Middlesex 
engines pump is a variable one, and in order, therefore, that the 
apparatus which we have just been describing should be 
thoroughly efficient, the load upon the plunger should also be 
capable of variation. To*enable this alteration of the load 
to be readily and quickly effected, Mr. W. B. Hack, the engineer 
to the company, has supplemented Mr. Husband’s apparatus by a 
very simple and effective arrangement of his own, which is also 
shown in Fig. 1, It consists of a short hydraulic press cylinder, 
made of gun-metal, and supported upon the top of the cross 
already mentioned. This cylinder, which is 15 in. in diameter, 
and is closed at the bottom by a cover, is fitted with a piston 
packed with a cupped leather. On the upper side of this piston 
are two studs, which carry a crosshead working on guide-bolts 
fixed in the top flange of the cylinder, and from the overlang- 
ing ends of this crosshead there depend links, which are 
attached to the top weight with which the plunger is loaded. 
The lower end of the cylinder is connected with the main by a 
pipe of Zin. bore, and this pipe being furnished with inlet and 
discharge cocks, the water can be admitted into or released 
from the cylinder at pleasure. The action of the apparatus is 
very simple, and scarcely requires any explanation. When it is 
required to relieve the balance-valve of a portion of its load, the 
water is admitted from the main to the lower end of the 
hydraulic cylinder, when it forces up the piston and, of course, 
raises the top weight off the others, which rest on the plunger, 
and thus relieves the valve. By simply letting the water out of 
the cylinder, the weight is restored to its former position. The 
whole of the apparatus is inclosed in a light casing, as shown in 
our engraving. 








American Locomorives.—The death is announced of Mr. 
Matthias W. Baldwin, of Philadelphia, the oldest locomotive 
maker in America, Mr. Baldwin commenced the construction 
of locomotives in 1830, and his works were enlarged from time 
to time, until they gave employment to upwards of one thou- 
sand men. The plans for Mr. Baldwin’s original engines were 
drawn by Mr. Paul R. Hodge, a Cornish engineer, now resident 
in London, and who was for many years connected with various 
engineering works in America. Immediately after Mr. Bald- 
win’s death, a telegram was sent via Atlantic cable, to his paft 
ner, Mr. Matthew Baird, who was then in England, asking him 
to return; and « reply was received in a few hours, stating that 
he would leave on the next day. 

Tue Monr Cents Rawtway.—Mr. Brunlees, who has just 
returned from his final inspection of the works of the San 
Paulo Railway, in Brazil, is now away to Mont Cenis. ‘The 
works there have sustained considerable damage from the re- 
cent floods. 
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CONSTRUCTED RY MESSRS. HARVEY AND CO., ENGINEERS, HAYLE. 
(For Description, see Page 249.) 






















































































CORNISH PUMPING ENGINE, WEST MIDDLESEX WATERWORKS. 
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CORNISH PUMPING ENGINE, WEST MIDDLESEX WATERWORKS. 
CONSTRUCTED BY MESSRS. HARVEY AND CO., ENGINEERS, HAYLE. 
sitet (For Description, see Page 249.) 
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THE WATERWORKS OF LONDON. 
No. 1V.—Tue Cuetsea Waterworks Company. 

Tue corporation entitled the Chelsea Waterworks 
Company is one whose existence dates from the year 
1723, and the first Act obtained by the company was 
the 8th of George I., cap. 26. Subsequently, further 
powers were given to them by royal charter, 9th 
George I., letters patent, 7th George LI., and Act 49th 
George I1I., cap. 157; and finally, in 1852, the esta- 
blishment of the present works was authorised by the 
Act 15th and 16th Victoria, cap. 156. The works 
were originally situated at Chelsea, the water being 
taken from the Thames at that place, and it was at 
these works that, about the year 1839, the first filter 
beds employed by any of the metropolitan water com- 
yanies were constructed according to the plans of Mr. 
j Simpson, the engineer to the Chelsea Company. 
The works at Chelsea were abandoned, however, in the 
year 1856, and since that date the water supply has 
been obtained from the river Thames at Seething Wells, 
a point some miles above tidal influence. 

At Seething Wells the company have two subsiding 
reservoirs and two filter-beds, these being situated on 
a strip of ground which is close to the bank of the river, 
and which is separated from that on which the main 
engine-houses stand by the turnpike-road leading from 
Thames Ditton to Kingston. The river face of the 
works is formed by a strong wall of concrete, this 
wall being about 2 ft. 6 in. thick at the top, and being 
built with a batter on the face of 2in. per foot. It is 
strengthened at the back by substantial counterforts 
placed at a distance apart of about 14 ft. between 
centres. In this wall are formed openings which are 
guarded by gratings and screens, and which serve to 
admit the water from the Thames into the two sub- 
siding reservoirs, the supply being regulated by sluices 
provided for the purpose. The subsiding reservoirs 
are placed side by side, and are each 248 ft. long 
by 202 ft. wide, measured on the beds, and 272 ft. long 
by 226 ft. wide at the | of the banks, these latter be- 
ing 12 ft. high above the bottoms, and being constructed 
with inside slopes of 1 to 1. The reservoirs are 
excavated partly out of a diluvial covering of the 
London clay a partly out of the solid blue clay, and 
the banks were cut into steps to receive the concrete 
with: which they are faced, no puddle being used. 
The average thickness of the concrete walls thus laid 
on the banks is 3ft. (their inner slope being, as 
already stated, 1 to 1), and they are in their turn 
faced with brickwork laid dry. 

From what has been already stated, it will be seen 
that the water in the subsiding reservoirs will, when 
the sluices are open, be at the same level as that in the 
river, and the height of the water in the latter, there- 
fore, regulates the depth which can be maintained in 
the reservoirs. Last week when, by the kind permis- 
sion of the engineer, Mr. James Simpson, we visited 
the works at Seething Wells, the depth of water in the 
subsiding reservoirs was 6 ft.; but this depth is fre- 
quently exceeded, and it is indeed below the average. It 
was, we believe, intended that these subsiding reser- 
voirs should be used alternately, that is to say, that 
the water was to be allowed to settle in one whilst a 
supply was be.ng withdrawn from the other to the 
filter beds: this system, however, does not seem to be 
at all times strictly carried out, as, when we saw them, 
the water was being both admitted to and withdrawn 
from both of them simultaneously. Each of the sub- 
siding reservoirs is cleared from the matter deposited 
in it at intervals of about three months. 

From that side of each subsiding reservoir which is 
furthest from the river, there juts out into the reser- 
voir a pair of concentric horizontal arches, these arches 
being about 2 ft. 6 in. apart, and being built of brick- 
work laid with open joints. The space between the 
arches is filled with shingle, and, as the mouths of 
pipes leading to the filter beds are enclosed by them, 
all the water on its way to the latter undergoes a pre- 
liminary filtering before leaving the reservoirs. The 
two filter beds are arranged side by side at the southern 
end of the reservoirs, and are of equal size, each having 
an area of filter surface of about 45,000 square feet. 
The sides are made, like those of the reservoirs, of 
concrete walls faced with brickwork, the inner slopes 
being 1 to 1. In the drawing of the pump-well of the 
engines at the Chelsea works, the highest level of the 

yater in the filter beds is marked as being 6 ft. below 
the average summer water level in the river, and con- 
sequently the same distance below average summer 
level of the water in the subsiding reservoirs; and, 
moreover, as we are informed that the mean summer 
level of the Thames at Seething Wells has been taken 
as 3 ft. above Trinity high water, it follows that the 


highest level of the water in the filter beds is 3 ft. 
below Trinity high water, or 9 ft. 6 in. above Ordnance 
datum. ‘The water is taken from a short distance 
above the bottom of the subsiding reservoirs, so as to 
leave a certain depth for settlement. 

The drainage of the filter beds is effected by means 
of a central inclined channel or culvert which is in 
communication with a number of perforated drain 
pipes laid in transverse rows. These pipes vary in 
diameter from 6in. at the sides of the filter bed to 
12 in. where they join the central culvert, and in addi- 
tion to being perforated with } in. holes, they are laid 
with slightly open joints between the ends. The pipes 
are supported 7 earthenware chairs, and are covered 
with coarse gravel to a depth of some inches, the 
depth of the gravel between the ‘pipes being about 
2ft. Over the coarse gravel is laid 4 in. of fine gravel, 
and over this again a layer of cleai cockle, telina, and 
other shells, about 6 in. thick, the shells being in their 
turn covered by 6in. of coarse sand, and then by fine 
sand, laid, when the filter is made up, to a depth of 
2 ft. 6in. ‘The total depth of the filtermg material is 
thus about 5 ft. 10in. At periods varying according 
to the state of the water, but which may be taken to 
average about a week, the surface of the top layer of 
sand is scraped to remove the impurities which are 
deposited by the water, and which would otherwise 
clog the filter. A film of sand about 2in. thick is re- 
moved by each of these scraping operations, and this 
dirty sand is washed and then set on one side until re- 
quired for making up the filter. Lach filter bed is 
made up once in twelve months, and when this opera- 
tion takes place, the sand which is left after the 
scrapings which have taken place is thrown up and 
deposited upon the top of the clean sand which is 
taken to make up the bed; and by this means it is en- 
sured that the sand which has been longest in the bed 
will be the first to be removed and cleaned when the 
bed is brought into work. 

The water is led into the filter beds at the southern 
end, or that farther from the subsiding reservoirs, and 
it is supplied to each bed by seven inlet pipes, each 
furnished with a sluice for regulating the quantity ad- 
mitted. The pipes jut out for some feet from the southern 
banks of the beds, just below the surface of the sand, 
and each of them terminates in along wooden trough of 
square section, these troughs being each closed at the 
outer end, but open at the top, so that they serve to 
deflect the entering currents of water upwards and 
prevent them from washing away the surface of the 
sand. Just beyond the ends of the troughs there is 
carried across each filter bed an iron pipe, furnished with 
vertical branches extending to the surface of the filtering 
material, each branch being closed by a plug having 
attached to it a rod projecting above the water level. 
These pipes are used for draining the filter-beds in 
case they should become clogged, in which case the 
plugs are removed by means of the rods, and the water 
allowed to escape through the pipes into drains, from 
which it is raised by means of an engine which will 
be described presently. Lach filter bed is furnished 
with overflow sluices at each end, these being used not 
only for preventing the water from rising too high, 
but also for allowing any scum to flow over. The 
general practice is, to open those sluices which are on 
the lee side of the filter beds, to which side the scum 
is driven by the action of the wind. 

As the filter-beds are situated at a considerable depth 
below the surrounding ground level,.a double hoist has 
been erected at the southern end of the wall dividing 
them, by means of which the sand can be easily raised 
from the beds to the washing-machine, or lowered from 
the latter to the beds as required. ‘This hoist consists 
merely of a couple of platforms moving vertically be- 
tween guides fixed to a strong timber framing, and 
raised and lowered alternately by means of chains 
worked by gearing, the latter being driven by shafiing 
extending from the engine which works the pumps 
for drainage purposes. Close to the hoist, and driven 
from the same set of shafting, is the sand-washing 
machine, this differing materially in appearance from 
that which we described last week as being used at the 
West Middlesex Waterworks. The machine at Seething 
Wells consists of two concentric revolving cylinders 
formed of coarse wire gauze, these cylinders having their 
axes inclined slightly frém the horizontal. The axis of 
the cylinders is a perforated pipe, into which water is 
led by a suitable joint at the lower end; and as this 
water is under pressure, it is distributed from the per- 
forations over the inner surface of the inner cylinder. 
Other pipes are alsé placed on each side of the outer 
cylinder, these being perforated so as to distribute 

rater over the outer surface. The sand to be waslied 





is supplied by a hopper to the interior of the inner 








cylinder, and, as the cylinders revolve, it is washed out 
through the meshes, any coarse gravel or other material 
which may have become mixed with it rolling down the 
insides of the cylinders until it is discharged from the 
lower ends. The mixed sand and water escaping 
through the meshes of the cylinders is allowed to flow 
along suitable channels, where the clean sand is de- 
posited, whilst the dirt is carried off by the water, 
There are two of these depositing channels, -which are 
used alternately, as in the case of the West Middlesex 
machine. 

The sand-washing machine, hoist and draining 
pumps, are worked by a pair of 15-horse non-con. 
densing beam-engines, placed in an engine-house not 
far from the filter-beds. These engines, which are 
coupled, have each a cylinder 14in. in diameter, with 
a stroke of 24in., and they are supplied with steam 
by three single-flued Cornish boilers, which are worked 
at 30]b. per square inch. The draining-pumps are 
three in number, and are single acting, each being 
20 in. in diameter, with a stroke of 3ft. 6in. Their 
buckets are worked by connecting-rods coupled to 
cranks on a countershaft, which is driven from the 
engine-shaft by gearing. 

From the filter-beds the water is led through a culvert 
laid under the Thames Ditton and Kingston road to the 
engine pump wells, in which it usually rises to a level 
but little below that ofthe suction-valves of the pumps. 
The pumping-engines employed at Seething Wells are 
all of the double-cylinder rotative class working 
bucket-and-plunger pumps, and were constructed by 
Messrs. Simpson and Co., of the Grosvenor Works, 
Pimlico. At present there are four of these engines at 
work pumping filtered water at Seething Wells, but 
the erection of two others is now nearly completed, 
and it is expected that these new engines will be 
started in about a week’s time. The engine-house in 
which the new engines are placed has been built of 
sufficient size to accommodate four engines, and the 
delivery mains and air-vessels of the pair of engines 
now erecting are arranged so that the mains of another 
additional pair of engines can be readily coupled to 
them. In the construction of the new boiler-house 
also, provision has been made for the accommodation of 
additional boiler power. 


The engines above mentioned are all of similar con- 
struction and dimensions. They are beam engines, 
and of the two cylinders of each engine the high-pres- 
sure cylinder is 28in. in diameter, with a stroke of 
5ft. 63in., and the low-pressure cylinder 46in. in 
diameter, with a stroke of 8 ft. They are both jacketted 
at the sides and bottoms. The piston-rod of the low- 
pressure cylinder is coupled to one end of the beam, 
whilst that of the high-pressure cylinder is attached to 
it at a point nearer the main centre. , The beam is 
made with equal arms, and to the pump end of it a con- 
necting-rod is attached, the lower end of this rod being 
coupled to a crank-shaft, which carries a fly-wheel, and 
serves for a pair of engines, the cranks of the two 
engines being placed at right angles. Provision is also 
made for coupling together the shafts of the four 
engines which are in one engine-house, when they are 
all at work, but either pair can be worked in- 
dependently, if desired. The pumps are, as we have 
already stated, of* the edbebaabiabeuan class, 
the buckets being 24in. and the plungers 17} in. in 
diameter. The pump-rods are attached to the beams 
at a short distance within the connecting-rod centres, 
and they are made double, so that the cranks can work 
in between them. The stroke of the pumps is 6 ft. 
llin. The suction and bucket valves are gun-metal 
ring valves, bedding upon seats of white metal, and 
the delivery valves are ordinary flap valves hung nearly 
vertically. Both the connecting and pump rods are 
built up of wrought-iron plates and angle-irons, the 
former rods being of a box and the latter of I section. 
Each pump-well is 23 ft. 14 in. long by 9 ft. 6 in. wide, 
and the bottoms of the wells are 54 ft. below the engine- 
house floors. The delivery pipes from the pumps of 
all the four engines now at work are united into one 
main, and near the point of junction pipes are led hack 
to the two air-vessels which serve for all the pumps. 
The cold-water, feed, and air-charging pumps are 
worked by rods leading from such poimts in the 
engine beams that they all have a stroke of 3 ft. $m. 
The feed-pumps are 4in. and the air-charging pumps 
5 in. in diameter, and they are arranged to discharge 
their contents during the up stroke, so that the greatest 
strain on their rods is atensional one. The point of each 
beam from which the pumps just mentioned are driven 
is situated between the main pump and the main 
centre, and the air-pump of each engine is driven from 
a corresponding point on the other side of the main 
centre, between the latter and the high-pressure piston- 
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rod centre. One of the chief peculiarities of 
engines is the arrangement ef the steam valves 
gear, which is that designed by Mr. David Thomson, 
formerly the manager of Messrs. Simpson’s works at 
Pimlico. The valves, which are worked by cams, are 
of the piston kind, and the passages for the steam are so 
arranged as to reduce to a minimum the loss of pressure 
arising from the transfer of the steam from the high tothe 
low pressure cylinder, We intend, next week, to give 
illustrations of the engines of the same class, and—with 
the exception of the diameters of the pump-plungers 
and buckets—of identical dimensions, constructed by 
Messrs. Simpson for the Lambeth Waterworks, and 
we shall then give a full description of the valve-gear 
and its action, as well as of the other constructive 
details of the engines; and, under these circumstances, 
it will be unnecessary to add, at present, to the above 
general particulars of the engines at the works of the 
Chelsea Company. ’ 

The engines at Seething Wells, above mentioned, 
pump the water through a 30 in. main to covered re- 
servoirs at Putney Heath,. a distance of 6} miles, the 
main being carried across the Thames by an iron aque- 
duct of nine spans. Of these spans the centre one is 
90 ft., and has a clear height underneath it of 20 ft. at 
high water ; the remaining spans are 60 ft. each. The 
water is delivered into the Putney Heath reservoirs by 
a pipe, the mouth of which is at the top-water level, 
and the height at which the water is delivered is there- 
fore a constant one. We are informed by Mr. Simpson 
that the reservoirs at Putney Heath are 170 tt. above 
Trinity high-water mark, and, on the topographical 
contour map published for Mr. R. W. Mylne, C.E., in 
1856, the water-level in them is given as 160 ft. above 
Trinity high water, these dimensions corresponding to 
182 ft. Gin. and 172 ft. 6in. above Ordnance datum 
respectively. The height of the water in the engine- 
wells of course varies according to the level in the 
filter-beds, and is probably generally somewhat lower 
than the latter, owing to the loss of the head 
necessary to force the water through the filtering 
material. Generally, we believe, the dead head against 
the pumps is about 182 ft., and the effective 
head arising from the dead head, the friction of the 
mains, &¢., varies according to the number of engines 
which are at work, and the speed at which they are 
working. When we were at the works, the four 
engines were running at twelve revolutions per minute, 
and the effective head against the pumps was 220 ft. 
Soon after the four engines were erected a trial of 
them, which lasted 24 hours, was conducted by Mr. 
Joshua Field, and during this trial the average speed 
was 14.44 revolutions per minute, and the effective 
head against the pumps 234 ft., this head being the mean 
determined from observations taken every half-hour. 
In this trial the quantity of water delivered into the 
reservoirs was 11,287,208 gallons in the 24 hours, and 
the quantity of coal consumed 255 ewt., this consump- 
tion showing a duty of 103.9 millions of pounds raised 
1ft. high by the consumption of 112 1b. of coals. 
After the experiment of 24 hours was ended, one pair 
of engines was stopped, and the other pair worked at 
such a rate as to raise 7,500,000 gallons into the 
reservoirs in 24 hours. This pair was then stopped, 
and the other pair subjected to a similar trial. During 
the summer months the four engines now at work have 
but little superfluous power. The number of hours 
run by each pair of engines, during the last week in 
August of the present year, averaged 151 hours, one 
ir having being stopped 10 hours and the other 24 
lours during the week. The average speed was 124 
revolutions per minute. In winter time the work is 
not quite so heavy, the number of hours worked by 
each pair of engines averaging about 125 per week. 
The new engines which we have mentioned as bein 
nearly completed are intended as relieving engines, a 
will not be worked in addition to to the four now used, 
or at all events not for the present. 


To supply steam to the our engines now in use, 
thirteen single-flued Cornish boilers are provided, each 
boiler being 31 ft. 9 in. long by 5 ft. Sin. in diameter, 
and the diameter of the flues being $ ft. 3in. The 
effective heating surface of each boiler is 540 square 
feet, this including one-third of the internal and two- 
thirds of the external flue surface. The pressure of 
steam at which the boilers are worked is 40 lb., and 
they are situated below the level of the engine-house 
floor, so that the water arising from the condensation 
of the steam in the steam jackets can drain back into 
them. Nine boilers are worked to supply steam to 
the four engines, and seven boilers to supply steam to 
One pair of engines, the larger proportionate number 
used in the latter case being employed in order to 
avoid delay in lighting up a sufficient number of boilers 





lto work the four engines in case they are required. 
The pair of new engines which Messrs. Simpson are 
now putting up are provided with seven boilers 
similar to those of the older engines ; these new boilers 
being arranged in two groups, four in one and three 
in the other. ll the allows are completely fitted 
with the necessary safety valves, feed valves, water 
uges, &c. 
* he. coal used is slack, mixed in some cases with a 
small proportion of Welsh; on the average, about 10 
per cent. of the latter is used. The coal is brought to 
the works by barges, and unloaded by-the aid of an 
hydraulic crane fixed on the river wall, and worked by 
water supplied from the mains. The iron boxes in 
which the coal is raised are placed on suitable trucks 
and run down an inclined railway which passes, 
through a tunnel carried under the turnpiké road, to a 
point beneath the coal stores. The line just mentioned 
is a double one, and the trucks are coupled to a wire 
rope passing over large pulleys at the head of the in- 
cline, so that those trucks which are descending with 
a load haul up the empty ones. On their arrival be- 
neath the coal stores, the boxes of coal are raised by a 
hydraulic hoist to the top of the stores, and their con- 
tents delivered upon the coal heaps, one side of cach 
box being hinged to allow of this being done readily. 
In addition to the engines we have already described, 
there are at Seething Wells another pair of engines 
which are employed for pumping unfiltered water 
through a 15 in. main to another reservoir on Putney 
Heath, this unfiltered water being used for road 
watering and similar purposes. ‘The engines just 
mentioned are condensing beam-engines, each of 25 
nominal horse power, and. they were built by Messrs. 
Simpson and Co. They were originally employed for 
supplying water to the fountains at the Great Exhibi- 
tion of 1851, whilst they were subsequently in use at 
the works at Thames Bank, for pumping purposes, and 
it was from this latter place that they were finally 
removed to their present situation. They have single 
cylinders 20 in, in diameter, with a stroke of 3 ft., and 
drive bucket and plunger pumps with 2 ft. stroke, the 
buckets being 113 in. and the fingers 8 in. in diameter. 
The steam-valves are worked by cams on the crank- 
shaft, and the 0 are driven at twenty-seven and 
twenty-eight strokes per minute. They are provided 
with five single-flued Cornish boilers, three of these 
boilers being generally in steam at one time. They 
are worked at a pressure of 40 1b. per square inch. 


We have said that the filtered water is pumped from 
Seething Wells to a pair of covered reservoirs at 
Putney Heath, through a 30in main. This main rises 
and falls to suit the various gradients of the road along 
which it is laid, and it is provided with air-cocks at 
the highest points. The air-cocks are placed, when 
possible, at the horse-troughs of wayside inns, so that 
the water escaping from them, small as its quantity is, is 
not wasted. The arrangement employed to ensure the 
discharge of the airis very simple. The main communi- 
cates with a closed iron box containing a ball-cock, the 
cock being arranged so that it opens and discharges 
the air from the upper part of the box when the water 
level in the latter falls. Another smaller cock com- 
municates with the lower part of the box, and this 
cock is left constantly open, its size being such that 
it usually discharges the whole of the air, and also 
allows a small leakage of water. If, however, the air 
collects more quickly than it can be discharged by 
the small cock, the water level in the box falls, and 
the larger cock is brought into action. The whole of 
the air-cocks on the line of the main are inspected 
weekly. 

The covered reservoirs on Putney Heath are situated 
on the highest part of the heath, near the west side 
of the old Portsmouth road, and also close to the 
west side of the road from Wimbledon to Fulham. 
They are of similar dimensions, each being 310 ft. 
long by 160 ft, wide at the top of the banks, and 20 ft. 
deep. The sides of the reservoirs are formed by con- 
crete walls laid in steps cut in the banks and having 
an inside slope of 1 to 1, except in the case of the 
division wall between the two reservoirs, which is 4 ft. 
thick at the top, and has a slope of 14 to 1 on each 
side. The bottoms of the reservoirs are formed of 
concrete beds 1 ft. thick. The covering of the reser- 
voirs is formed by a series of brick arches supported 
by piers, which run the whole length of the reser- 
voirs. ‘There are eight arches to each reservoir, the 
side arches being of 20 ft. span and. the remainder of 
18 ft. 8in, span. The thickness of the arches is 9 in., 
and they are covered with a layer of puddle, concrete 
being employed to fill up the haunches. ‘The rise of 
the arches is 4 ft. 3in., and each is provided with a 
couple of openings in the centre, these openings com- 





municating with a line of 12in. earthen pipes, which 
is carried through the spandrils, and is connected 
with perforated iron caps placed in the wall between 
the two reservoirs, this arrangement being adopted to 
ensure the ventilation of the reservoirs above the water 
level. The piers of thevarches are 14 in. thick, and 
are surmounted by skewbacks formed of moulded 
bricks from which the arches spring. The piers are 
perforated by openings 17 ft. 6 in. in diameter, formed 
at a distance apart of 40 ft. from centre to centre, and 
each of the 22 ft. 6 in. spaces left between these open- 
ings is strengthened by a couple of counterforts 14 in. 
thick, and projecting at right angles to the piers for a 
distance of about 6 ft, at the base. The distance be- 
twéen the pair of counterforts of each of the 22 ft. 
6 in. lengths is about 13 ft., and between each pair of 
them there is formed through the pier a smaller cireu- 
lar.opening 5-ft. 6 in. in diameter. The supply pipe 
from Seething Wells enters the reservoirs a few inches 
below the springing of the covering arches, and at 
the same level an overflow weir is formed to pre- 
vent the reservoir from being filled too full. 


The open reservoir at Putney Heath, which receives 
the unfiltered water intended for street-watering pur- 
poses and for the supply of the Serpentine, is situated 
close to the covered reservoirs already described. Its 
dimensions at the top of the banks are 194 ft. long by 
104 ft. wide, and the depth varies from 12 ft. to 
13 ft. 6in., the bottom having a slope of 1 ft. 6in. 
The sides are formed by concrete slopes of 14 to 1, and 
the .highest water-level is 63 ft. above that in the 
covered reservoirs. The distributing-pipe is led from 
a circular well sunk 5 ft. below the floor of the reser- 
volr. 

From the covered reservoirs on Putney Heath the 
filtered water is distributed to the district by gravita- 
tion, through two 24in. mains, whilst the unfiltered 
water is supplied through a single 12in. main. ‘The 
total length of pipeage is about 270 miles. According 
to the Kegistral-General’s report for July last, the 
water supplied by the Chelsea Company contained 
24.89 parts of solid matter in each 100,000 parts of 
water; this amount of impurity including 1.29 parts of 
organic matter, and 17.4 parts of carbonate of lime, or its 
equivalent of hardening salts. The daily supply. fur- 
nished by the company diiring the month mentioned 
averaged 8,671,600 gallons per day, this quantity 
being distributed amongst 26,463 houses. The water 
rental of the Chelsea Waterworks Company is now 
64,3020. 








SEWER VENTILATION. 


In one of our earlier numbers we had an article 
upon the aériform sewage of London—the sewer gas 
floating in the air near to, and indeed at a distance 
from, the oe gully-holes, of which there are now 
so many. Mr. Lovegrove, the surveyor to the board 
of works for the Hackney district, las on a former 
occasion publicly called attention to the dangers of 
untrapped drains, and within the last few days a report 
upon the subject, which he has addressed to the 
Hockney board, has been printed* by their order. 
Attached to this report are several large lithographed 
plates, one of them showing a section of a house in 
Duke-street, Westminster, with sewer gas visibly repre- 
sented as rising from bell-traps in the front and back 
areas, from air-openings in the kitchen and scullery 
floors, from the seullery sink, and from the water- 
closet soil pipe on an upper floor. Other cases of air- 
poisoning are represented, in the same manner, by 
sections of houses in Hackney, a nobleman’s house at 
Knightsbridge, a nobleman’s house in Leicestershire, 
&e.; in all of which the untrapped drains are sending 
volumes of foul gas through the rooms. Mr. Love- 
grove has made many observations upon the tempera- 
ture of sewer gas as compared with that of the 
external air, the velocity of currents in sewers, the 
discharge of sewer gas at ventilating-shafts, &c., and 
he recommends the Hackney board to connect, as far 
as possible, the ends of all branch sewers in the De 
Beauvoir Town and Dalston wards, to close all the 
existing vent-openings, and erect from six to twelve 
ventilating-shafts at proper points, these to be carried 
at least 10 ft. above the roofs of the nearest buildings, 
and he suggests also valves at the junctions of the 
sewers, to regulate the draught hooneh them, and self- 
acting inlet air-valves at the low points of the sewers, 
to admit air upon the least inferiority of pressure in 
the sewer.. We are not about to enter upon the con- 
sideration of these plans, but refer to them as showing 
the increasing intcrest-in the whole subject. 








* Roberts, printer, 5, Hackney-road, N.E. 
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COMPOUND MARINE ENGINES FOR THE DANUBE STEAM NAVIGATION COMPANY. 
CONSTRUCTED BY MESSRS. ESCHER, WYSS AND CO., ENGINEERS, ZURICH. 
(For Description, see Page 261.) 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given. 
on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and: money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, Bedford- 
street, Strand, W.C. 


ENGINEERING is registered for transmission abroad, 


Cloth covers for binding the First Volume of ENGINEERING 
can now be had of the Publisher ; price 2s. 6d. each. 


The Publisher earnestly requests that correspondents will 
give this Journal its proper name, ENGINEERING, without 
the prefic “ The.” It is not merely that this gives a false if 
not an absurd sense to the title, as much as would “ The All 
the Year Round” or “The Punch,” but it leads to frequent 
confusion with the title of another journal, “ The Engineer.” 
This confusion is the more to be avoided because, the Conduc- 
tor of this Journal having been for nearly six years the Editor 
of “ The Engineer,” letters addressed to him as the Editor of 
“The Engineering” or “ The Engineer” are believed to oc- 
casionally reach the office of the last-named paper, the pro- 
prietor of which has notified to Mr. Colburn that all letters 
received there and addressed to him as the Editor of that paper 
will be opened, and if upon editorial and not upon private 
matters, appropriated. Mr. Colburn will feel greatly 
obliged by being informed by correspondents of any case in 
which letters intended for him have thus been violated, as 
he has no other means of knowing the extent of, still less of 
resorting to a remedy for, such a practice. 














MR. MUSHET AND THE BESSEMER PROCESS. 
Cheltenham, Sept. 29, 1866. 

Dear S1r,—I enclose some remarks on a paper which appeared 
in your last week’s impression, headed « Roeeener Soft Iron.” 
Will you kindly give insertion to my remarks in your next im- 
pression ? 

There is no doubt that the copy of the former paper I intended 
for you, and which was carefully and distinctly addressed, was 
nevertheless received, opened, and retained at the office of The 
Engineer. I am, dear Sir, yours truly, 

Zerah Colburn, Esq., London. Rosert MusHEt. 


[The above refers to the letter from Mr. Mushet which lately 
te in The Engineer, and to which Mr. Bessemer replied.— 
p. E. 


A Susscriser, writing from Southampton, appears to have quite 
mistaken the purport of the paragraph. The gross mistake, as to an 
important matter of fact, occurs in the first ten words of the quotation, 
and has nothing to do with “ grammar.” 
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STEEL RAILS. 


ENGINEERS and many railway managers have ceased 
to estimate the life of rails in years, and have adopted 
the only proper standard of comparison, that of tonnage. 
Time, in the abstract, is no measure whatever of the 
wear of railway bars, and thus, were it not for the 
great difference in the quality of rails, it would be only 
a question of the number, weight, and speed of trains, 
whether they would wear out in one year or in twenty. 
In taking the standard of tonnage as the basis of com- 
parison, we are not, of course, pretending that it is 
philosophically exact, for questions of the condition in 
which the way and rolling stock are maintained, the 
gradients and curves of the line, the geological nature 
of the district traversed, &c., all enter into the con- 
sideration of the wear of rails. But we know that, 
laid end to end, one rail will wear out under three 
million tons of traffic, while another will carry ten or 
even fifteen millions, and that, so far as mere time is 
concerned, both rails, if unworn by traffic, would en- 
dure, practically, for ever. The most extensive, minute, 
and altogether trustworthy information ever given to 
the profession upon the wear of rails was that contained 
in Mr. Price Williams’s paper, read, in March last, at 
the Institution of Civil Engineers. The experiments 
upon the Lancashire and Yorkshire Railway, where 
some hundreds of rails of various makes were carefully 
observed during their.whole life of from three years 
and six months to seven years and three months, 
—~— which they _ the wear of oe 

,122 trains, and a to e rangi etween 
5,433,491 and 38,803,198 tenn, ane especially inter- 
esting. These rails were not, however, of the ordinary 
Welsh or Staffordshire brands, but were, severally, 
Beale’s boiler-plate rails, Beale’s steeled by Dodds’s 

















rocess, the London and North-Western Company’s 

rewe rails, Low Moor rails, the Mersey Steel Com- 
pany’s rails, Thorneycroft’s “ best” rails, and Thorney- 
croft’s charcoal top rails. The average wear of these 
rails must have been at least one-half greater than that 
of ordinary rails, such as can now be had at from 
6/. 10s. to 77. per ton. The rails that bore the maxi- 
mum number of trains, and thus the maximum tonnage, 
were at Bolton, on a level, and where all trains stop, 
so that, in consequence of the very slow speed over 
them, they cannot be taken to represent the general 
wear over a line worked by fast trains. The observa- 
tions made upon the Great Northern line confirm what 
was also found to hold good on the Lancashire and 
Yorkshire line, viz., that from 57,000 to 65,000 trains, 
weighing from 11,760,926 tons to 13,484,661 tons, 
wear out iron rails of a superior quality; and in the 
case of the Great Northern, the above traffic was that 
of three years only, at the end of which time both heads 
of the rails were completely worn out. Laid on por- 
tions of the line where the trains were worked at full 
speed, many of the Lancashire and Yorkshire experi- 
mental rails bore but from 5,000,000 to 8,000,000 tons 
of traffic, and the last-named quantity is probably in 
excess of the average wear of ordinary rails hen 
we speak of so many million tons of traffic, it is to be 
understood that this is upon both rails of a single line, 
and that each single rail bears but half this weight. 
At Chalk Farm Station, on the London and North- 
Western line, iron rails are worn out on both faces 
(top and bottom) in four months, with the greatest 
regularity, and under about 12,000,000 tons of slow 
goods traffic. Where it once took. from twelve to 
twenty years to make up this aggregate of tonnage, 
many main lines now work the same traffic in seven, 
five, three, and even two years, while in exceptional 
cases, as at great goods stations, upwards of 1,000,000 
engines, trucks, &., weighing 12,000,000 tons, may, 
as we have seen, pass over a single line of rails in four 
months. 

We cannot yet speak with equal certainty as to the 
wear of ‘steel rails, since, so far as we have learnt, no 
steel rails (and we are here speaking of Bessemer 
steel) have yet been completely worn out. But we have 
abundant evidence that their wear is very far greater than 
that of iron rails, one face of a Bessemer rail having out- 
worn sixteen faces of iron rails, laid end to end to it, 
and bearing the same traffic, at Chalk Farm. At Crewe 
upwards of 52,000,000 tons of traffic had, some months 
since, worn down one head of a line of Bessemer rails 
about 4; in., and 184 million tons had worn another 
io of Bessemer rails x4 in. only. We do not intend 

rom these facts alone to assign the exact ratio of the 
superiority of steel over iron, but we think the facts, 
which rest upon entirely disinterested and unquestion- 
able authority, clearly indicate that steel will wear out 
much more than five times its weight of ordinary rail- 
way bars. And at the respective prices of steel and 
iron, and allowing compound interest at 5 per cent., 
and crediting the value of the old rails when they are 
worn out, steel rails, even if they wear out but three 
times their weight of iron, are more economical than the 
latter, when we take a somewhat lengthened period of 

ears, say fifteen to twenty. If, however, instead of 
Roe sixteen times more durable than iron, as the 
steel rails proved to be at Chalk Farm, they will bear 
(as there can hardly be a doubt that they will) five 
times as much tonnage as iron rails in the same situa- 
tion, we can easily see what would be the saving under 
the most unfavourable circumstances, and these are a 
small and non-increasing traffic and a high rate of 
interest. We need hardly add that a non-increasing 
traffic is contrary to all railway oe a ay but .we 
will suppose such an anomaly, merely for the purpose 
of illustration. 

We will suppose an American company paying 120 
dollars (gold) per ton of steel rails in New York, at 
which price several thousand tons have been already 
delivered there by Messrs. John Brown and Co., of 
Sheffield, to the Erie, Pennsylvania Central, and other 
railways, and that iron rails cost 70 dollars. Let the 
iron rails, wear ten years and the steel rails under the 
same traffic (never increasing) wear fifty years. Let 
the value of the old rails be one-half their cost when 
new, and let compound interest be taken at 7 per cent. 
Then for each ton of steel rails the first cost and the 
interest at the end of filty years would amount to 3535 
dollars, or, deducting value of old steel, 3475 dollars. 
The iron rai's would stand thus: 


« dols, cts. 

1st lot, 70 dollars and 50 years’ int., 2062 
Ond , 85 yg «Ss 40g 524.11 
~ Gol Sa Sa 266.43 
mse «= mm ~« 135.43 
Wh co OE. me. cee te 68.85 
Total eve eee 3056.82 





If, then, the weight of the iron and steel rails was the 
same per yard, the latter would cost, for a period of 
fifty years, and under all the circumstances named, 
about one-sixth more than iron. But, with the excep- 
tion only of the part to be absolutely worn away, the 
steel rails would be in at least this proportion hghter 
than iron rails for the same traffic. The web or stem, 
and, if the rails were flat-footed, the base also, would 
not need to be of nearly the same weight, for the same 
strength and durability, as when made in iron. In 
any case a 60]b. steel rail would be equally strong 
with a 70 1b. iron rail, and the comparison would apply 
not only to the new rails, but to rails in all stages of 
wear. We are not recommending that steel rails 
should be made light, because we consider that the 
increasing weight and speed of railway trains already 
requires still greater weights where iron is used. But 
in order to make an equal comparison, in the above 
case, the steel rail should fairly be lighter than the 
iron, in at least the proportion named, and we should 
then, under the most unfavourable circumstances 
which we can imagine, have the steel rail every way as 
economical as the iron rail, Practically, we have to 
deal with constantly increasing traffics which already 
wear out iron rails in from three to five years, and 
where, therefore, the great superiority of steel would 
be most conspicuous. 


Steel has’ many important advantages over iron, 
beyond that of its superior durability. It is a con- 
sideration of much importance that steel rails would 
not involve more than one-fifth the interruption of the 
line consequent upon relaying. But it is a very much 
more valuable property of Bessemer steel that it is 
secure against breaking. For when we speak of steel 
rails we assume that they are made under a contract 
by which any bar, faken at random, must withstand the 
fe of a weight of one ton falling 25 ft., the rail 
being laid upon 3 ft. supports. Steel rails may be 
taken up during a hard frost, and bent double under a 
steam hammer without breaking, although steel that 
would stand this test without cracking would be some- 
what softer than would be desirable. The test by a 
ton weight ona 25 ft. fall should be enforced under all 
contracts for steel rails. Any good steel rail will with- 
stand it perfectly, while an-iron rail would be broken 
with the same weight on a 5 ft. or at most a 10 ft. 
fall. Steel rails, besides their greater durability and 
tensile strength, will bear, as girders, nearly twice the 
load of iron rails of the same section, as carefully 
ascertained by Mr. George Berkley, the engineer to 
the Great Indian Peninsula Railway Company, and 
who has ordered many thousand tons of steel rails. 
The greater stiffness of the steel rail enables it to dis- 
tribute the weight upon the wheels of a train over an 
increased number of sleepers, and thus over an in- 
creased surface of ballast. The line, therefore, remains 
in better condition than when laid with iron rails, and 
there is far less weakness at the joints. The ends of steel 
rails, especially where they are not fished, have been fully 
proved to be at least ten times as durable as the ends of 
iron rails, being at once stiffer, harder, and tougher. Old 
steel rails, too, bear at least as high a proportion to 
their original value as iron rails. It is a fact that steel 
plates worth 30/. per ton in the market are rolled from 
the crop ends of steel rails, and these, which will pile 
and weld, are now worth from 7/. to 8/. per ton, new 
rails selling at prices varying between 12/. and 16/. 
Old steel rails can be melted in a cupola into white 
iron ; they can be reconverted along with new metal in 
the converter; they can be cut, piled, and welded ; or 
they can be at once heated and rolled into bar steel 
and plate steel of good quality. Considering, there- 
fore, that they have no disadvantages as compared 
with iron rails, unless it be in their greater first cost, 
which is much more than compensated by their far 
greater durability, it is not remarkable that they are 
coming into rapid use, nor that the London and North 
Western Railway Company should have established 
large and costly works of their own at Crewe, capable 
of making 350 tons of steel weekly. Sixty-three miles 
of the company’s line were duels laid with steel rails 
at the time of the last og rs meeting. The Great 
Northern Company have decided to lay steel rails 
through their principal stations and upon all the in- 
clines upon their line ; but when we consider that, with 
the exception of a short length of 1 in 110 near King’s- 
cross, none of their inclines are steeper than 1 in 178, 
and that they are mostly 1 in 200, we cannot doubt 
that steel will soon be adopted for the whole line. As 
for other lines, we may say that at least 1000 tons of 
Bessemer rails are made weekly in England and Wales, 
and probably 400 tons on the continent of Europe. 
The evidence in favour of steel is now become so clear, 
and the reasons for its immediate adoption so obvious, 
that we cannot but think that it is a most mistaken 
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policy for engineers and -railway managers to longer 
postpone the use of steel, whether upon the ground 
that it will yet become cheaper or otherwise. A gene- 
ration of iron rails will have worn out before any con- 
siderable reduction can be expected in the price of 
Bessemer steel. We cannot doubt that the time will 
come when iron rails will be obsolete, just as the old 
cast-iron trams and, after them, the fish-bellied rail 
passed out of existence. 


LEEDS WATER SUPPLY. 

Tux borough of Leeds, now numbering upwards of 
225,000 inhabitants, receives a supply of moderately 
hart water by pumping from the river Wharfe, at 
Arthington. The parliamentary limit of this supply is 
but six million gallons daily, and the consumption of 
water is increasing so rapidly that this quantity is 
likely to prove insufficient within the next six years 
Only ten years ago the average daily consumption of 
water in Leeds was but 1,596,000 gallons, while it is 
now about 4,500,000 gallons, and were the inhabitants 
snpplied at the rate at which it is commonly considered 
necessary to provide for large towns, say 33 gallons 
per head daily, at least 74 millions would be required. 

Mr. Edward Filliter, the engineer to the Leeds Cor- 
poration Waterworks, has just made a report upon 
various proposed schemes for obtaining an additional 
and purer supply. This report, accompanied by two 
large maps, has been published, and it is one of the 
most complete, interesting, and valuable among the 
many recent contributions to our hydrological literature. 
We cannot, in the brief space at our disposal, go over 
the whole field of inquiry with Mr. Filliter, but his con- 
clusions are so well supported by reasoning that we 
cannot doubt that the source of supply which he 
recommends, that of the valley of the Washburn, a 
tributary of the Wharfe, will be adopted. 

Lying on the northern edge of the Yorkshire coal- 
field, Leeds cannot look for a supply of good water 
from the district between the Aire and the Don. The 
Wharfe, to the north of Leeds, rises in the mountain 
limestone, and its water is consequently of considerable 
hardness, viz., 82° by Dr. Clark’s scale, representing 
8? grains of carbonate of lime, or its equivalent, per 
gallon. The Wharfe, too, receives the sewage of 
Otley, Ilkley, Burley, and Addingham, as well as the 
refuse from paper, worsted, and other mills and works 
Its branches, however, including the 
Washburn, and also the rivers Nidd, Laver, and Burn 
(the last two branches of the Yore), still further north, 
rise in and flow through the millstone grit. Their 
waters have but from 24° to 44° of hardness, and thus 
come well within the limit dividing “ soft”? water from 
“ hard”—a limit which may be taken as 6°—they are 
undefiled by drainage, and are scarcely affected by cul- 
tivation. ‘This millstone grit district extends for thirty 
miles from north to south, and lies within a few miles 
of Leeds, and at a very considerable elevation above 
it, the higher summits being elevated from 1145 ft. to 
2310 ft. above the sea. The average rainfall over it, 
as recorded for a series of years, is about 36 in., and 
deducting for evaporation and compensation to mill- 
owners, about 16 in. would remain for town purposes. 
The area of the valley of the Washburn, above a point 
at which its waters can be taken to Leeds by gravita- 
tion only, is 22 square miles, equal to the supply of 
14 million gallons daily. This is the quantity which 
Mr. Filliter at first proposes to bring in; but the 
works, if carried out, are to be upon a scale sufficient 
to pass 20 millions; and by a dam at the mouth of the 
Washburn, its lower waters are also to be made avail- 
able, by the present pumping engines at Arthington, 
for a supply of 6 millions when required in very dry 
seasons. ‘The rivers Nidd, Laver, and Burn are to be 
considered as the future ultimate -sources of supply, 
verhaps ix the next century, or whenever Leeds shall 
ave grown to a great city, of a population possibly 
approaching a million inhabitants. Whenever requi- 
site, 2 tunnel from the proposed Fewston reservoir in 
the Washburn val! V would be driven for a distance of 
two miles under the hills between it and the valley of 
the Nidd, and conduits would be extended thence to 
the Laver and the Burn. ‘The drairage area of the 
Nidd, thus intercepted above Lofthcuse, would be 
32 square miles, and that of the Laver and the Burn, 
above Laverton and Healey, would be respectively 
In each of the valleys large 


2 its banks. 


9 and 23 square miles. 
impounding reservoirs would be built. 

In the district embraced by the seheme to bring 
water from the millstone grit, there are 894 square 
miles available, and capable of supplying 65,000,000 
gallons, equal to a liberal provision for 2,000,000 
inhabitants. This district has a sparse and positively 





decreasing population, a considerable decline having 
taken place within the last forty or fifty years. It 
has but little agriculture and few manufactures, and 
there are no mineral workings. Whether it will be yet 
opened up by railways, and settled by a new and 
thrifty or independent class of residents, cannot, of 
course, be predicted ; but Mr. Filliter regards such an 
event as very improbable. 

The waters of the streams named are tinged with 
peat in times of floods; but so is the present supply 
from the Wharfe, and, indeed, it would be necessary to 
resort to the slate formation of the Westmoreland 
lake district to avoid all infusion of peat. It is not 
certain, however, that peaty water is unwholesome, 
and, so far as colour is concerned, it is unquestion- 
ably purified by settling in storage reservoirs and espe- 
ially by filtering. 

Mr. Filliter estimates the cost of providing a pre- 
sent supply of 14 million gallons daily, from the Wash- 
burn to Leeds, by gravitation only, except during dry 
periods when pumping would be necessary, at 150,0007. 
To provide the estimated future supply of 20 millions 
—viz., 14 millions by gravitation and 6 millions by 
pumping from the existing works—including land, 
works and compensation, 215,000/. would be required 
for the gravitation works, while the capitalisation of 
the working expenses of pumping at $d. per 1000 
gallons would amount to 102,000/. more, or 317,000/. 
in all. To bring, when required, 20 million gallons 
more from the Nidd valley would cost 400,000/., and 
for a further 20 millions from the Laver and Burn, 
still further to the north, 500,000/., so that to bring 
60 million gallons, in all, daily from the millstone grit 
district would cost 1,217,0002. 

Mr. Filliter treats Mr. Dale’s scheme for bringing 
water from Westmoreland to the northern towns as so 
unpromising that no serious discussion of the idea is 
necessary. This conclusion is based upon the assumed 
improbability of the union of the northern towns in a 
joint undertaking of this kind. Mr. Filliter considers, 
1owever, the project of bringing 25,000,000 gallons 
daily from Haweswater to Leeds, and estimates the 
cost at 1,250,0007. Several other minor schemes, 
both by pumping and by gravitation, are discussed 
and disposed of. The fact, indeed, that twice the 
quantity of water at present required can be supplied 
of excellent quantity and from within a short distance 
of Leeds, at a cost of 150,0002., must place all other 
schemes out of consideration, and we shall expect soon 
to hear that the Leeds corporation are taking action 
upon the advice of their engineer. 

We have no wish to indulge in empty praise nor in 
compliments, but we can repeat to those of our readers 
who are especially interested in the question of water 
supply, that Mr. Filliter’s is a model report, and valuable 
for the professional library. It is especially copious, clear, 
and concise with respect to the facts bearing upon the 
whole question, while its logical order, calm and con- 
vineing reasoning, and its entire freedom from preju- 
dice, except, perhaps, with reference to Mr. Dale’s 
scheme, give it alike high literary merit and profes- 
sional value. We trust that it may be placed on sale 
with some London publisher. 





LOCOMOTIVE ENGINES. 

So much difficulty has been found in obtaining the 
requisite adhesion of locomotives on steep gradients, 
that it is singular that advantage has not been more fully 
taken of the adhesion due to the’ load drawn. On 
level railways the weight of the engine is sufficient to 
give all the adhesion required for moving a heavy train; 
but on an incline of 1 in 10, the engine, even with all 
its wheels coupled, cannot, except in good weather, be 
depended upon for taking up much more than its own 
weight. So far steam tractive force alone is 
concerned, a 20 ton engine might take a considerable 
load up even 1 in 10—of course at a very slow speed 
—bhut engines working merely by the statie friction of 
their own weight, a static friction commonly and for 
convenience misealled “ adhesion,” could not, under the 
same circumstances, overcome a resistance much greater 
than that due to their own weight, as distinguished from 
the weight of their train. If, however, the weight of 
the load drawn were also made available for adhesion, 
the same engine might, when working at a slower 
speed, take even two or three or even ten times its own 
weight up an incline of 1 in 10. Wehave often asked 
ourselves why, amid the attempts to increase the 
adhesion of ordinary engine wheels on steep gradients, 
the weight of the train itself was not also utilised. If this 
were done, there would never be any want of adhesion. 
The whole adhesion due to the weight of a train of 
even 1000 tons would always take it up 1 in 10, if not 


as 





indeed 1 in 5. Engineers will easily understand the 
reason, and they will as readily suggest that, in such a 
case, each ‘carriage in a train of 1000 tons would 
require its own boiler and steam machinery, and that 
the weight of such boilers and machinery would 
amount to perhaps even one-half that of the whole train. 
But engines might be made upon double bogies, with 
a long carrying-frame between, and the whole weight, 
when loaded, need not exceed 60 tons, of which 40 
would be due to the engine and 20 to the load. In 
ordinary trains a load of 20 tons would require an 
additional weight of about 20 tons to carry it, and none 
of the adhesion of this total weight would be available 
for the purpose of locomotion. 

In the American steam “ cars” for street railways, 
the engine forms a part of the vehicle, and derives its 
adhesion from a certain part of the total weight. In 
this case, however, where the weight of the carriage is 
partly utilised for adhesion, it is more as a matter of 
occasion than necessity. It is not merely for the sake 
of adhesion that the engine is placed within the carriage 
itself, but for the sake of simplicity, compactness, &c. 
Yet, for steep gradients, the engine might be placed 
with great advantage upon the carriage employed to 
convey heavy goods, the weight of which would thus 
be utilised. ‘Two swivelling bogies, with centres 40 ft. 
apart, might be fitted with cylinders, &c., the front 
bogie carrying the boiler, and, by a suitable design, not 
difficult of execution, the cylinders of both bogies 
might take their steam from the same source, the front 
bogie always drawing instead of being pushed around 
curves. With two such bogies, each having its steam 
cylinders, valve-gear, and coupling-rods, from 20 to 
30 tons of goods—equal to the loading of from three to 
five ordinary wagons—might be taken upon a con- 
necting-frame, this load giving adhesion to the driving- 
wheels, while at the same time it would require less 
total weight of train for taking it up inclines, as com- 
pared with the total weight of the usual engine wagons 
and load as now worked. 








SEWAGE IRRIGATION. 
To tue Epitor or ENGINEERING. 

Str,—The account you have given of the irrigation 
of land by sewage at Croydon is interesting and im- 
portant, and the system there adopted of applying the 
sewage in a diluted state to the surface of the land is 
no doubt the right one; but it would be a further im- 
provement if the field were to be divided into com- 
partments by small walls of earth a few inches high, 
so as to insure the even distribution of the sewage 
over the field, and which might else be blown too 
much to one side by high winds, or which might gravi- 
tate too much to one spot from unevenness of the 
ground. In India, where irrigation is indispensable 
to any large measure of fertility, it has been the habit 
from time immemorial to divide the fields into squares of 
about 20ft. each way, by means of little bunds or 
embankments of earth of sufficient height to ensure 
the even distribution of the water. But it would be 
an improvement upon this system, especially in the 
ease of sewage irrigation on clay lands in this moist 
climate, if tile drains were to be carried sufficiently 
beneath the surface to be out of the reach of the 
plough, into which drains the water would percolate 
after having passed through the soil, where the roots of 
the plants would seize the fertilising particles, leaving 
the water almost pure to be drawn off through the 
pipes. The great secret of deodorising lies in adequate 
dilution ; and if unpleasant smells proceed from any 
land irrigated by sewage, the inference to be drawn is 
that the sewage has not been diluted enough. But 
the degree of dilution necessary to deodorise miglit 
involve the introduction of more water to the land than 
it requires in this moist climate, unless drain pipes 
are simultaneously introduced to drain off the super- 
fluous water, which water may be used for the dilution of 
the concentrated sewage, so that the same water may 
be employed over and over again for the accomplish- 
ment of the necessary dilution. Power of some kind, 
however, will be required to raise this water from the 
level at which it flows out to the level at which it must 
be mixed with the sewage to flow by gravity over the 
land. Under the arrangement I have mentioned, each 
small square would be filled with diluted sewage in 
succession from a small side aqueduct, and when this 
had been done the supply would be stopped off. In 
India the small bunds are formed by hand, but they 
could easily be formed by the plough, leaving only th« 
corners to be afterwards made up. 

lam, &c., 
Joun Bourne. 
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STEEL RAILS IN AUSTRIA. 


Tux Northern Railway of Austria, connecting Vienna 
with Brin, Olmiitz, and Cracow, is one of the oldest 
and most prosperous lines on the Continent, and has a 
traffic considerably exceeding the average of other Con- 
tinental railways. Its average annual traffic amounts 
to 2,000,000 passengers and about 2,000,000 tons 
of goods. This railway commenced the use of steel 
rails in places of exceptionally great, wear in 1858, 
particularly for points and crossings which formerly 
used to be wholly of wrought iron. M. Prokesh, one 
of the chief engineers of this line, published the tabu- 
lated practical results of the successive gradual intro- 
duction of steel rails since 1858 up to 1864, in M. 
Heusinger von Waldegg’s well-known publication on 
railway improvements, and upon his authority we 
give the following data. The first steel rails employed 
on the Northern Railway in 1858 were made of puddled 
steel at the works belonging to the Archduke Albrecht 
at Carlshiitte, in Austrian Silesia. They were of ex- 
cellent material, and had been tested in the severest 
manner before their introduction. At first their use 
was exclusively for points and crossings, all worn-out 
iron crossings or iron rails in the crossings being ex- 
changed by new ones of steel, so that since the year 
1859 no new iron crossing has been laid down nor re- 
paired with iron rails on the whole length of this line. 
At the close of the year 1864 one-third of all the cross- 
ings were of steel completely, while many of the remain- 
ing crossings have been repaired with steel rails. The 
iron crossings, without exception, are placed in branch 
lines and other parts of the railway which are not sub- 
ject to great wear and tear. The excellent wearing 
qualities of the steel rails soon induced the railway 
company to use the same material for whole lengths of 
the main line. In 1861, a trial was made with a whole 
length of one German mile (about 4.8 miles) of steel 
rails laid down in the main line, and this succeeded so 
well that the reconstruction of the entire permanent 
way of the main line in steel has been decided upon 
and commenced with since that period. In 1865, about 
thirty-five English miles of steel rails had been laid 
down, principally in parts of the line subject to exces- 
sive wear, such as stations and their vicinity. This 
has been done in spite of the very high price of steel 
rails in Austria, phe the practical and economic results 
are shown by the following tables : 




















| Repairs and replace- 

x ‘is placements reduced by 

es ee weight of material to 

_— a number of entire 

crossings. 

Year. | Iniron. | In steel.| Total. | Number. Ket mw 

: ¥ 
1859 1093 19 1112 217.5 19.5 
1860 1104 85 1189 211.5 17.8 
1861 1067 205 1272 216.5 17.0 
1862 | 1033 316 1349 193.7 14.4 
1863 1009 899 1408 126.7 9.1 
1864 977 468 | 1445 65.9 4.6 











{t appears from this table that, since the introduction 
of steel rails in the points and crossings to any sensible 
extent, the percentage of wear or the quality of 
materials employed in repairs has been reduced from 
19.5 per cent. to 4.6 per cent. from the time when the 
proportion of steel crossings io iron was as 19: 1093 to 
the year 1864, when there were 468 steel crossings 
and only 977 iron crossing in existence on the line. 
With the current prices of materials in Austria, the 
value of the above number of crossings and repairs, in 
Austrian: florins, is given as follows: 





Value of exist-| V2a¢ of repairs; Percentage of 








Year. ing Crossings, |2¢ducting value/repairs to the 

B VPOSSINES: | of old materials, capital. 

fi. fl. 
1859 160,276 15,720 9.8 
1860 171,448 17,142 10.0 
1861 187,581 20,766 11.1 
1862 201,652 20,133 10.0 
1863 212,084 14,368 | 6.8 
1864 | 218,97 6,736 | 8.1 
} 








From this second table it will be seen that the per- 
centage in the price of repairs did not follow the intro- 
duction of the steel rails so closely as the reduction in 
quantities of material ; but this is obviously due to the 
replacement of the worn-out crossings by new ones of 
a more expensive material, which comes to an increase 


in the value of the original capital represented by the 


jset an interesting — for imitation. 








total number of crossings on the line. The apparently 
increasing percentage of repairs in the years 1860 and 
1861 must therefore be- considered as being composed 
of two parts—one belonging to the head of repairs 
proper, the other adding to the value of the capital and 
reappearing in the increase of capital put down in the 
next year. The ultimate gross result, however, even 
without allowance for the increase of capital obtained 
by the introduction of steel after a series of five years, 
is a reduction of the expenses for repairs from 9.8 per 
cent. to 3.1 per cent. of the capital employed. 

The prices of iron crossings in this estimate average 
about 18/. per ton, while the steel crossings are put 
down. at 26/. These were the actual market prices in 
Austria until, at a very recent date, the reduction of 
import duties upon iron and steel, and, still more, the 
introduction of the Bessemer process in Austria, 
brought all prices of railway materials to a sudden and 
considerable fall. The proportions of the prices of iron 
and steel are the same, however, as po iron rails at 
9/. and Bessemer steel rails at 13/., which is not very 
far from the actual state of prices in England. 

The conclusions arrived at by the engineers of the 
Northern Railway of Austria must therefore hold good 
in almost any country where the relative prices of steel 
and iron bear a similar proportion. 

The advantages of steel rails in lessening the work- 
ing expenses of railways cannot be sufficiently dwelt 
upon, since the comparatively short time of the intro- 
duction ‘of cheap steel into the market, and the limited 
experience of its practical advantages as proved by 
statistics of railway repairs, have still remained a ¢erra 
incognita to many railway authorities. It is greatly to 
be desired that the tabulated statistical data of those 
railways which have introduced steel rails on a larger 
scale should be made known to the profession with a 
similar liberality to that which the engineers of the 


Northern Railway of Austria have shown in the. 


instance under notice. It is facts, and facts alone, 
that can be successfully brought to bear against pre- 
judices and force of habit, which in this, as in every 
other instance, stand in the way of rapid progress aud 
obstruct the advancement of railway practice and 
engineering practice in general. 








TRIALS OF BREECH-LOADING RIFLES. 


Tux necessity for the introduction of breech-loaders 
which has presented itself somewhat suddenly to the 
continental governments has induced the military 
authorities in many places to institute extensive trials 
of the various kinds of small arms presented to their 
notice by their numerous inventors. The trials at 
Vincennes seem to have given the palm to M. Chasse- 
pot, whose gun seems to have been the only French 
invention of sufficient practicability for military pur- 
poses. Atdhe trials instituted by the Swiss Govern- 
ment in Aaran the Peabody gun was the favourite of 
the day. In Liége trials are still going on, and their 
results are not yet known. Great preparations are 
being made at Vienna for extensive trials of breech- 
loaders, but these have not commenced as yet, and the 
news spread by some papers of the adoption of one 
or the other breech-loader by the Austrian Government 
are utterly void of foundation. The sultan has his 
military representatives in this country carefully watch- 
ing all progress in the construction of small arms, and 
giving out orders for the supply of the Turkish army. 
The Russian Government is in the markets of all the 
world, and particularly of America, for an efficient 
breech-loading rifle; and even the Spanish papers an- 
nounce that the director of the Royal Arsenal has gone 
abroad in search of the machinery by which the Prussian 
needle gun is produced. Of the method‘ef conducting 
such trials the Government of the United States has 
Having 
established a uniform calibre, and adopted a standard 
cartridge, a commission was appointed for examining 
and trying the guns presented by the different makers. 
Sixty-five different guns were presented for exumina- 
tion, each competitor was permitted to exhibit, explain, 
and fire his own gun, and was then required to leave it 
with the board of officers for further examination. 
Finally, eight of the whole number presented were 
selected by the board for further tests; they were ex- 
posed to variable weather for ten days upon the roof of 
a building, and were, moreover, daily made wet arti- 
ficially. The weather during this time was such that 
the guns were sometimes covered with snow and ice, 
which were afterwards suddenly removed by thaw. 
The guns were fired each day without cleaning, and at 
the expiration of the ten days they were dried by being 
subjected to a high temperature. Only four of the 
eight guns stood this over-severe test, and these were 


further tested with very heavy charges, increasing 
gradually to 80 grains of powder and four balls of 
450 grains each; this, of course, ultimately destroyed 
three more of the guns under trial, leaving only one to 
be destroyed by still greater charges, if possible.* Trials 
of this kind, although they may appear unreasonably 
severe, are very useful in bringing forward the relative 
merits of rival inventions, and have a greater value than 
the mere race for quick firing which has sometimes been 
resorted to. It is practically indifferent whether a 
rifle will fire fifteen or sixteen shots a minute, but it 
is of the utmost consequence whether it will readily 
open when soaked with rain, or remain fit for'service after 
two days’ firing without being cleaned. It is still more 
important whether the gun will stand and act in the 
hands of a recruit, whose faculties may be judged 
from the fact that after the battle of Gettysburg, 
of the 27,574 plain muzzle-loading guns collected, 
12,000 were found loaded with two cartridges, and 
6000, or 22 per cent., charged with three to ten loads 
each, the cartridges often being loaded without break- 
ing them, and many inserted with the ball downward. 








PETROLEUM AS A LUBRICATOR. 


An American correspondent—a leading mechanical engineer 
in the States—writes us as follows respecting petroleum : 

‘ T observe, in a late number of ENGINEERING, a reference to 
experiments in this country on the relative value of pure sperm 
oil and native lubricating petroleum on car axles. I will get 
from Mr. Twitchell, of the Boston and Worcester Railway, and 
from Mr. Merritt, of the Boston and Maine Railway, the exact 
statement of their very careful experiments with these results :— 
They put a railway carriage on each line in perfect order, cali- 
pered the journals and weighed the brasses, and used only sperm 
on one truck and only petroleum on the other of each carriage. 
After running the carriage 19,000 miles, all the axles and 
brasses were found in good order, with equal wear all round, 
and 20 per cent. less oil had been used from the petroleum cask. 
They now use petroleum exclusively in the Lightner boxes of 
their carriages. 

“ This oil, of the best quality, fully equal to ~ sperm oil, 
at the least, and probably better for carriage axles, can now be 
bought for 50 cents per gallon, and can be laid down in Liver- 
pool at 2s. per gallon. Sperm is worth 2 dols. 85 cents, and 
must be worth four or five times as much as petroleum in 
Liverpool. 

“The cause of the great depression in price here just now is 
the sudden and enormous supply of this lubricating oil obtained 
in Western Virginia, said to be 1000 barrels per day, while the 
consumption in this country is only about halfas much. The 
export trade in this quality of oi] has yet to be opened. ° 

“1 think there is money m it. 

‘« T will send you very soon some facts about the value of this 
lubricator.” 








Tue Pneumatic Rarway.—One of the four great tubes 
of the Waterloo and Whitehall Railway is now completed at 
Messrs. Samuda’s yard, Poplar. It is 230 ft. long, 12 ft. 9in. in 
diameter within, and is formed of jin. boiler plate, surrounded 
by four rings of brickwork, which is thoroughly bound by 
cement, and flanged rings rivetted to the plates. Its weight, as 
it lies, is nearly 1000 tons. Bulkheads are to be fitted at each 
end, and its flotation being then about 300 tons, it will be floated 
up the river, a distance of nearly five miles, to its intended 
destination, above Hungerford-bridge. Here an inner ring of 
brickwork will be built inside it, and just enough water will be 
then admitted to sink it upon its piers. Its ends will then be 
secured in @ junction chamber, of which one will be formed at 
each of the three brickwork piers and at the abutments. In 
these, water-tight joints will be made, and the bulkheads at the 
ends of the tubes will then be removed. The four tubes will 
thus form a great subaqueous bridge of four spans of 221 ft. 
each, the tubes resting in a channel dredged across the bottom 
of the river, but being chiefly supported upon massive piers 
which do not rise even to the river bottom. The coffer dam 
at the Whitehall end of the line is no less than 53 ft. deep, pro- 
bably the deepest ever made. 

New Sream Fire-enorves.—Shand, Mason, and Co., 
have just completed a very powerful floating steam fire-engine 
for the Austrian Government, which, after being subjected to 
some severe trials, has been forwarded to Trieste; it is to be 
used to protect valuable property adjacent to the river. A new 
land steam fire-engine, built by the same makers for the city of 
Hong Kong, has also been shipped on board Her Majesty, bound 
for that port, where several extensive fires have recently taken 

lace. 

j Tne CHANNEL TonneL.—The Scientific Amerioun—an 
excellent journal, by the way, in many respects—naively observes 
that “a Mr. Hawkshaw has been engaged for several months in 
making surveys and calculations with reference to a submarine 
tunnel under the Straits of Dover, in the English Channel,” &c. 
And it is added that “ Mr. Hawkshaw will do better to turn his 
attention to more feasible and profitable projects, and employ 
his talents on works which will bring success rather than 
notoriety.” “‘A Mr. Hawkshaw” would sound odd in Great 
George-street, as much, no doubt, as would ‘a Mr. John B. 
Jervis,” in New York, both being, if not the leading engineers, 
at least among the most eminent in the respective capitals of 
the old and new worlds. 

Gun Corron.—The cause of the recent explosion at Wool- 
wich. appears to have been the spontaneous decomposition of 
cotton undergoing a test temperature of 130°, to ascertain its 
power of resisting moderately high temperatures. 


* The Peabody rifle exhibited by the Providence Tool Com- 








pany. 
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WHEEL-CUTTING MACHINE. 


CONSTRUCTED BY MESSRS, SHEPHERD, HILL AND CO., ENGINEERS, LEEDS. 
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We give, above, engravings show.ng various views of one of 
Pott’s patent wheel-cutting machines and dividing engines, as 
made by Messrs. Shepherd, Hill and Co., ef the Union Foundry, 
Leeds, this machine being adapted for cutting, in a perfectly 
correct manner, the teeth of bevel and spur gearing. In our 
illustrations, Fig. 1 is a plan, and Fig. 2 a front elevation, of the 
machine as arranged for cutting a bevel wheel; Fig. 3 is an end 
elevation of the bed, saddle, and headstock which carries the 
wheel to be cut; Fig. 4 is a plan of the machine as fixed for 
cutting a spur-wheel; Fig. 5 is an end elevation of the bed, 
saddle, and copying motion; and Fig. 6 is a front elevation of 
the machine as arranged for cutting a spui-wheel. 

The planed cast-iron bed, A, is 12 ft. long, and carries a saddle 
or slide, B, which can be moved to any part of the bed to suit 
the diameter of the wheel to be cut. The saddle, B, carries a 
slide, G, which is at right angles to the bed, and which is fur- 
nished with another slide,H. To this last mentioned slide is 
connected a spindle, the lower end of which rests upon a “ form,” 
the shape of the tooth to be cut. This spindle is also attached 
to a casting, C, and as the slide is made to traverse (by a crank 
motion an ratchet-wheel) over the “ form,” the casting, C, is 
made to rise or fall according to the shape of the tooth to be cut, 
the outer end of the casting being supported upon the ball and 
rocket joint, I. The block or standard, E, carrying the ball and 
socket joint is fixed upon the base-plate, J, which is set at right 
angles to the bed, A; and the standard can be fixed at any 
poit of the base-plate, so as to place the slide, C, at an angle 
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agreeing with that of the face of the bevel wheel to be cut. The 
tool-box is carried by a saddle, K, and a reciprocating motion is 
imparted to it by a connecting-rod and crank, driven by suitable 
gearing mounted at the end of the casting, C. It will be seen 
that the tool-box carries an ordinary planing-tool suitable for 
either wood or iron. 

When the machine is used for cutting spur-wheels, the stan- 
dard, E, and a portion of the slide, C, are dispensed with, as 
shown in Figs, 4 and 6, the inner end of the slide, C, being 
firmly bolted to the slide, G. Inthe case of spur-wheels, the 
form of the tooth is determined by the arm of a socket by which 
the tool box is carried being connected to a ‘‘ form” or template of 
the tooth to be cut, as shown at Land M. The machine can 
also be used as a lathe for turning up the wheel on the face plate, 
the worm and worm-wheel, which are employed for giving the 
rotary motion to the wheel which is being cut, being discon- 
nected, and the spindle carrying the wheel being provided 
with a pulley. The saddle, K, carrying the tool-holder is in 
this case traversed by hand by means of a screw provided for 
the purpose, the slide, C, being set so that its angle corresponds 
with that of the face of the wheel. The tool is altogether a 
very useful one, 





Cornisn EnGines.—Twenty-four engines, reported upon in 
August, gave a mean duty of 48,200,000]b. raised 1 ft. by 
112 1b. coal. This is equal to 4.6 1b. of coal per actual horse 
power per hour. 
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Botckow anp VAUGHAN —This great public company is 
likely to become the greatest iron-producing firm'in existence. 
They have now eleven furnaces at Eston and Cleveland, three 
at Middlesboro’, and four at Witton Park, while three more are 
in course of erection at Eston. These are very large furnaces, 
producing double the weight of pigs of an equal number of fur- 
naces in the Scotch district,; and much more than in Wales. 
One hundred and forty furnaces have been built and sixteen are 
building in the Cleveland district. . 

EMBANKMENTS.—A correspondent of the Times informs 
engineers that the proper mode of forming reservoir embank- 
ments is to carry the earth in baskets on the heads of the 
navvies, the gangs being so arranged that all the men should, 
in returning, walk over each basketful thrown down. From 50 
tons to 100 tons of coal are loaded, he states, per hour, upon the 
West India mail packets by negro women at Kingston, each 
carrying a basketful of coal on her head. : 

Tue Russo-AMERICAN TELEGRAPH.—The telegraphic sure 
vey through Asiatic Russia from Petropaulovsk to the mouth of 
the Amoor, 4000 miles, has been recently completed after a whol- 
year of constant toil, by a Russian and three American engi- 
neers, 

Mr. Ronert Narrer.—The many subscribers to the bust of 
Mr. Napier, to be presented to him as a souvenir of the Dublin 
Meeting of the Mechanical Engineers, will be pleased to learn 
that he has sat, this week, to Mr. Wyon, who visited Shandon 


sor the purpose. 
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OF THE NEW RAILWAY STATION AT STUTTGART. 


CONSTRUCTED BY MESSRS. BENKISER BROTHERS, PFORZHEIM, BAVARIA. 
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Tue railway station at Stuttgart forms the central station for 
all the principal lines of the kingdom of Wiirtemberg, viz., the 
Stuttgart-Ulm Railway, the line to Carlsruhe, the Rems Rail- 
way, and the line of the Schwarzwald. All these lines have been 
constructed and are worked by the Government, and are said to 
be eminently successful. The traffic on the Wiirtemberg Rail- 
ways is very rapidly increasing, necessitating increased accommo- 
dation at the stations, To meet these demands, an extensive 
central station has been recently opened at Stuttgart. It con- 
sists of two buildings placed side by side, each 118} ft. in clear 
width and 710 ft. in length. The side walls are built of white 
sandstone, and the lines of rails are covered over by an iron roof, 
of which we have represented a main truss, showing the general 
construction adopted. Each of the two roofs is carried 
by fifty trusses of this kind, standing about 14 ft. apart, and 
carrying the longitudinal connexions to which the roofing is fixed. 
The trusses are coustructed on the well-known principle of the 
crescent truss, and consist of two parabolic arches, having dif- 
ferent parameters, the upper arch representing the top flange, 
while the lower arch or bottom flange takes the horizontal thrust 
of the whole. This roof has been designed by M. Morlock, the 
Government engineer in Stuttgart, and manufactured by the 
firm of Messrs. Benkiser Brothers at Pforzheim, Bavaria. The 
strains upon all paris of the crescent girders were calculated 
to be 4 tons on the square inch of section, and in order to verify 
the results of the theoretical calculations, a full-size model of the 
roof, consisting of two crescent girders with their respective 
longitudinal connexions, was erected at the works, and 
tested by weights to its limit of elasticity, and to the breaking 
point. The first tests. produced fracture in some of the 
parts before the others, and these parts were subsequently 
Strengthened in section, until, at the last trial, the girder 
broke: down in all its principal members simultanevusly. 
The sections shown in the illustration were adopted from the 
results of these trials, and they are considered to take the same 
Strain per square inch for each part of this structure. With an 
allowance for snow equal to 20 lb. per square foot, and for wind 
erry of 221b. as 4 maximum, the greatest strain has been 
imited to 4 tons per square inch. The wrought iron used for 
this structure has been carefully tested and found to have a 
breaking strain of 20 tons per square inch, The roof is covered 
witn glass for two-thirds of its total area, the lowest part is 
covered with zinc, the iron framings for the glass are fixed to a 
double angle iron rivetted together toa Z-section. For fitting the 
zine plates a single angle-iron is used, thus carrying a filling 
piece of wood, into which the zinc nails are driven. The contract 
price for the ironwork, including erection, was about 20/. per ton. 
lhe following are the dimensions of the different cross sections 
shown in the illustration, reduced to English measures: 


a. 33 in. x 23 in. xin. angle iron. 
b. 34 in. x 03 in. flat iron. 
lyin. x 0% in. flanges : 
. 35 in. x 0% in. web 0 Seen. 
d, ‘ st in, X 25 in, x in. angle iron. 
nl § 1; in. x 08 in. flanges : 
(55 in. x 03 in. web H iron. 





f, 52 in. X OM in. flat iron. 
I 1j in. x 12 in. x Ysin. angle iron. 
A. 2% in. x 03 in. flat iron. 
i 44 in. x 2§ in. x cin. angle iron. 








“THE MACKAY GUN.” 


Mr. James Mackay, a Liverpool timber-merchaut, 
some time since ordered a wrought-iron rifled gun of 
considerable size, and after firing it with smooth shot 
of various forms he christened it “The Mackay gun,” 
and under the delusion that it is a gun sui generis 
he now writes frequently, and we must say pre- 
tentiously, to the 7imes respecting it. Those who are 
informed upon each new stepin ordnance wonder how 
an individual can thus publicly stamp his own name 
upon an ordinary rifled cannon as if it embodied some 
principle or at least some peculiarity of his own. 
This wonder has been increased on reading Mr. 
Mackay’s self-sufficient letter in the Zimes of Frida 
last, and the editorial article with which it was endorsed. 
Mr. John Bourne, so well known to the majority of 
our readers as the author of the standard treatise on 
the steam-engine, asked, last week, in our columns, 
where the man, woman, or child could’ have been 
caught who proposed editorially, in the Times, to 
return to the old timber-built, unarmoured ships of war, 
merely because an 8 in. plate had just been punched 
at Shoeburyness, and we think that some of our readers 
must have ascribed to the same captive curiosity the 
editorial reference to Mr. Mackay which appeared in 
the same number of the great morning journal. The 
fact is that there is no more a “ Mackay” gun than there 
is a Smith, Jones, or Robinson gun. Mr. Mackay 
professes to fire a smoothcylindrical or cylindro-conoidal 
shot from any ordinary rifled gun, and to spin the shot— 
or, in more technical phrase, to give it rotation—by the 
windage or escape of the gases in the helical grooves 
of the gun, around the shot. To employ a broad but, 
for this reason, a very comprehensive term, this is all 
gammon. If Mr. Mackay will attempt to fire smooth 
shot, such as we and, indeed, every ordnance engineer 
will supply him with, from rifled guns—employing no 
wad or other —_ to take the grooves—his shot 
will simply tumble over and fall short of the mark, and 
for reasons which every artillerist well knows. His 
theory, which is one of pretension, and not one of 
argument and conclusion, is, as we have said, that the 








escape of the gases in rifled grooves around a smooth 
shot is sufficient to “spin” it. Mr. Mackay is either 
wilfully deceiving others or, which is more charitable, is 
deceiving himself, by ignoring the effect of a compressed 
sawdust wad which he places behind his shot. It is 
this wad, and its pressure—perhaps ten or fifteen tons 
to the square inch—against the shot, when the powder 
charge is fired, which really gives rotation to the shot. 
There is nothing peculiar, however, in the effect of the 
sawdust wad. It is the same in effect as any other 
wad, and General Timmerhans, of the Belgian artillery, 
employed a papier mdché wad in the same manner, and 
in just such a gun as that which Mr. Mackay seeks to 
monopolise as his own. A slight amount of reflection 
is of.course sufficient to show, and experience has abun- 
dantly proved, that so slight a wad cannot be fully 
depended upon to spin a heavy shot. Captain Blakely 
—we had almost said the late Captain Blakely—for 
years sent out smooth elongated shot with, his rifled 
guns, and secured rotation by a copper saucer at the 
base of the shot, the edges of this saucer taking the rifled 

ooves. We have seen tons of these shot, and we 
Eine that the garrison investing Charleston saw, and 
possibly felt, many of them after us. Neither the 
copper saucer nor the papier mdché or sawdust wads 
are quite sufficient for their purpose, and as for the 
windage in the rifled grooves we may dismiss it at once 
as “a delusion, a mockery, and a snare,” so far as 
any useful rotation ofashotis concerned. And, in dis- 
missing this, we dismiss Mr. Mackay, who has no 
principle of gunnery, and who has no gun further than, 
as any of us might have done, he ordered and, we do 
not doubt, paid for one. 








AGRICULTURAL MACHINERY IN AMERICA.—We saw, re- 
cently, a field of one hundred and sixty acres of Indian corn, on 
the “ Grand Prairie,” in the ploughing, planting, and cultivation 
of which no man walked a step. rotary spader, drawn by 
four horses, and driven by a man upon the box, ploughed the 
field to a uniform depth of 8in., and gave such thorough tilth 
that it was not n to use a harrow at all. corn- 

lanter, drawn by two horses, and driven by a man upon the 

x, next planted the seed. A cultivator, drawn by two mules, 
one walking upon each side of the knee-high corn, and driven 
by a man upon the box, completed the culture of a row at a 
single operation; and in the tool-house lay another machine, 
also to be drawn by horses, which will cut down the corn when 
it is ripe and lay it in regular rows, to be finally gathered b 
hand. But it is expected that by next year this machine will 
be so improved as to gather up the corn also—New York Even- 
ing Post. 
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THE PROPER DEPTH OF GIRDERS. 
(Continued from page 224.) 

We have already observed that the proper form of 
flange for a girder of uniform depth carrying a dis- 
tributed load is a parabola, and that, consequently, the 
mass of the flange absolutely required is the sectional 
area at the centre multiplied by two-thirds the length. 
But in practice, as we cannot economically employ 
plates tapering in width or in thickness, we are com- 
pelled to form the flanges of a number of parallel 
plates; the gross thickness of the flange, therefore, 
will be reduced in successive steps, and the portions of 
metal outlying the required parabolic outline will be 
one of the sources of loss. Now, the more numerous 
the plates, or, in other words, the greater the propor- 
tion of load to depth, the greater may be the number 
of steps, and consequently the nearer the approxima- 
tion to theory. Another source of loss is that arising 
from the necessary covers and lap of the plates at 
joints; the amount of this item will be greater ina 
certain degree as the span, for with the present facili- 
ties for rolling long plates it is unnecessary to in- 
troduce joints, either the plates or augle irons 
of girders not exeeeding the length of 30 ft. 
or 35ft. over all, but with longer girders joints 
must necessarily occur, and according to the usual 
practice the plates must be shorter, and the joints 
more numerous, in proportion to the greater width of 
flange required to ensure lateral stability in the higher 
spans. We think, however, that the system of build- 
ing up wide flanges with long narrow plates side by side 
could be more geuerally adopted with advantage, since 
it would neutralise the loss arising from short plates ; 
the curved tensional member of the Mayence bridge 
was constructed in this manner (under similar cireum- 
stances in the Saltash bridge, it will be remembered, 
Mr. Brunel employed suspension links) ; and we know 
of another instance where a 4 ft. flange was formed of 
two plates 2ft. wide, alternating with three plates 
16 in. wide ; apart from the economy, it is obvious that 
this arrangement is much better calculated to ensure 
uniformity of strength in the tensional member of a 
girder. Another unavoidable requirement tending to 
increase the weight of the flanges is the necessity of 
joining the several portions together by rivetting, and 
the consequent loss of section through the rivet holes, 
detracting, of course, from the strength of the ten- 
sional member, besides the weight of the rivets them- 
selves in both flanges. The loss on this score is tole- 
rably constant for all spans and loads, amounting to 
from twenty to thirty per cent. of the gross weight of 
the parts in tension ; but as the resistance to compres- 
sion is also some twenty to thirty per cent. less than 
the resistance to tension, we can eliminate this disturb- 
ing element by taking the sectional area of the top 
flange as the standard, or by assuming the bottom 
flange to be all effective and the resistance to compres- 
sion and tension equal per unit of area. 

A very slight consideration of the preceding re- 
marks will satisfy us that the most favourable condi- 
tions under which a girder can be placed, taking as 
the measure of economy the percentage of metal re- 
quired to carry a given load, is when the span is small 
and the load great; and that the most unfavourable 
conditions are obtained when the span is great and the 
load is light. We find consequently, on deducing the 
average value of the coeflicient « from a number of 
existing girders of each class, that whilst in the former 
case it is equal to ¢, in the latter it amounts to 11; 
we also find the value for a short girder lightly loaded 
to be 1yy, and for a long girder heavily loaded to be 
It will be remembered that in all these instances 
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the theoretical value of the constant 
inferior resistance to tension equal to that for com- 
pression is Thus far our investigation applies 
equally to plate and lattice girders ; but in considering 
the extent to which our theoretical conclusions with 
regard to the web will be modified by the requirements 
of practice, it will be necessary to consider each form 
of construction separately, commencing with the plate 
web. 

The influence of the weight of the web is the most 
important element in determining the proper depth for 
a girder, because whilst all the disturbing influences 
aflecting the flanges also affect the web, there is, in 
addition, another element introduced, namely, the 
limiting thickness below which the plates may not be 
reduced ; this is never taken at less than }in., and in 
situations not easily accessible for the purpose of 
painting this thickness should be increased to in. ; 
again, when the load per foot is large, a thicker 
plate is usually employed. Now the effective hori- 
zontal section of a web of uniform thickness, taking, as 











in the case of the flanges, a reduced strain to compen- 
sate for the loss of section through the rivet-holes, 
will, since the strain increases uniformly from the 
centre to the ends, and the span, 8, being in feet, be 
equal to 12 Sx 4X4 thickness=3 SX thickness ; con- 
sequently, as the least thickness of plate is } in., the 
least effective horizontal section of any web will be 
S$; and there can be but a small reduction in the 
weight of a web of uniform thickness, whatever the 
lightness of the load. Appealing again to actual ex- 
amples to decide the amount of the variation, we find 
the gross average section, including stiffeners, covers, 
and rivets, under various conditions, to be the follow- 
ing multiples of the net section : 
Shallow girders, 13 light ld. to 2 for heavy Id. : 
Deep . 2 » JAE Mos JAE 
As far as the web is concerned, there would obvi- 
ously be a practical advantage in making the depth of 
a girder small in proportion to the span and load. 
Thus, in shallow girders heavily loaded the gross 
average thickness varies from twice the net for 
short to two and a half times for long spans; but as 
the small depth is a disadvantage to the flanges, the 
determination of the depth at which the joint weights 
of the flanges and web would be a minimum is the pro- 
blem to be solved. Now, W being the distributed 
load, ¢ the strain per square inch, the other notation re- 
maining as before, the sectional (¢) at the centre of 


2} to 2} ) to 2 


oO. 
-2 


the flange, in square inches, will be a= sh which 


amount will also represent the actual horizontal section 
required in the half web; but we have seen that in 
practice this latter area is never less than 3? 8; conse- 
quently, the value of a for the web must never be taken 
at /ess than that amount. Again, since the horizontal 
section of the half web should theoretically be triangular 
form, whereas in a web of uniform thickness it is of 
course rectangular, the value of the coeflicient y, under 
the several conditions, will be double the multiples 
which we have deduced from the webs of existing 
girders. The respective amounts would therefore be 
as follows: 

Shallow girders, 3} light ld. to 4 for heavy id.) : 

Deep - 1 ” 4} 

As we know the mass, and consequently the weight, 
of a girder to be proportioned to a (Sx+yd), it is only 
necessary now to ascertain to what extent the limiting 
value of a for the web will affect the question. 

Now, taking a web of uniform thickness, and adopt- 
ing the highest value of y and the lowest of 2, it is 
obvious that, if the mass of the flanges exceed that of 
the web, the depth must necessarily be too small, since 
an increased depth would similarly affect the weight of 
the web directly, and the flange inversely; thus, 
assuming the mass of the flange to be to that of the 
web as 6 : 4, the sum being 10, then, if the depth were 

1X5 


=9; 


increased 4, the mass of the web would be 


and that of the flange 2X + =4.8, the sum being 9.8. 


5 
Again, taking the highest value of z and the lowest of 
y, We can arrive in the same manner at the maximum 
depth. Ifthe web be not of uniform thickness, it is 
even more apparent that an excess in the mass of the 
flanges over that of the web indicates deficient depth, 
since increased depth would involve a proportionally 
less increase in the weight of the web. We have, 
therefore, azS=a,yd, and we know that a, can never 


be less than } 8S, and never be more than Sa Now, 
c 


supposing that the thickness of the web might be re- 
duced indefinitely, then, in order for the mass of the 
flange to be equal to that of the web, the span must 
obviously be to the depth as y : 2; thus, theoretically, 
the flange and web will be of similar weights when the 
depth equals 3 of the span. Although we cannot re- 
duee the thickness of the web below a certain amount, 
the variations in the value of y are too small to affect 
materially the economy of using as thin a web as 
Taking a web } in. thick, therefore, we have 
Ws 

Sdt ’ 


possible. 


axS=3Syd, and a= therefore, WSz2=6d*/y, 
; WSe ‘ 4 
and d?= G73 8 substituting the oad per foot (w), 
MY 


and the ratio of span to depth (r), we have for the 


. We have 


a eee 
proper ratio of span to depta, 7= —e 
wLr 


previously observed that a thicker plate than +}in. is 
desirable if the load per foot exceeds a certain amount, 
the limits of which must of necessity be determined 
somewhat arbitrarily ; this will, however, only affect 





the value of the constant (6), and we believe it will be 
sufficiently near the truth to assume this amount to 
remain constant up to a load of 30 ewts. per foot, and 
then to increase 4 for every additional 10 ewts. per 
foot, so that, at 100 cwts. per foot, it would be equal 
to 9.5. 

Proceeding now to the consideration of girders with 
lattice webs, the first thing to be remarked is that 
whilst theorectically the weights of such webs must be 
at least double those required for plate webs of simi- 
lar strength, yet practically, owing to the facility of 
approximating the section of lattice bars to the re- 
quired amount, it is quite possible for this conclusion 
to be reversed. Since there is no practical difficulty 
in making the bars of a lattice a to any required 
section, it follows that in this instance there will not 
be a limiting value to a, ; consequently the most suit- 
able depth of girder will not, as in the former instance, 
be governed chiefly by the minimum thickness of metal, 
but by thenecessity of avoiding the employment of much 
metal in the disadvantageous form of struts or long 
columns. In deep light girders, where the triangula- 
tions are few, and consequently the effective length of 
strut great, this condition is very potent in determin- 
ing the most suitable pattern ahaniee Thus, the 
proportional quantity of metal required for struts at 
various inclinations—the other conditions being the 
same for all cases—would, if the ratio of length to 
diameter were sufficient to cause failure by flexure, be 
as the cube of their respective lengths ; consequently 
the weight of a vertical strut being 1, the weight of 
an equally strong strut at an angle of 45° would be 
J/8 =2.82. Again, as the resistance to compres- 
sion in such an instance would not be more than one 
half the resistance to tension, the weight of a com- 
plete triangulation, and consequently the proportional 
weight of the entire web, would, if we take the resist- 
ance to vertical tension as the unit, and the struts and 
ties at an angle of 45°, be 17+2?+2 (2.82) =7.64; 
whilst if the struts were vertical, and the ties inclined 
at the rate of 2 to 1, the quantity required would be 
2?+1°+2=7, which is less than the former amount, 
and therefore reverses the theoretical deduction— 
namely, that the weight would be half as large again. 

As there are so many conflicting conditions affecting 
the weight of a lattice web, we must necessarily 
eliminate some by certain assumptions ; we shall there- 
fore in the expression previously given for the com- 
parative weights of lattice girders (Se+y7) sub- 

h 
9 


stitute 2; that is, assume the bars to be at an 
angle of 45°, and we shall also assume that, within 
certain limits, the weight of the web will vary directly 
and the weight of the flange inversely as the depth. 
We have, therefore, Sc = 2yd, and substituting 


2y 
7 =" we have 7 = =¢ Now the values of z will 


be those previously given for plate girders, but the 
values of y will, since there is no limiting value to 
a,, have amuch larger range; thus, for shallow girders 
heavily loaded, we find from actual examples the value 
of y to be y=2, whilst for deep girders lightly loaded 


y=8. 


Our investigation, therefore, results in the following 
formule for the most economical depth for girders : 


For plate girders, r =/ bly ; 
x 

. —— Qy. 
For lattice girders, 7 = 
We have also deduced the values of the coefficients 
x and y, within certain limits, from practical examples, 
but have not given a general expression applicable to 
any given case; because, even if it were possible to do 
so, the complexity of the formule would rather conceal 
than illustrate the relative importance of the different 
conditions affecting the case. We have therefore pre- 
ferred computing the results for certain specific cases, 
and arranging them graphically in the form of a 
diagram. The figures on the base line of the diagram 
refer to the spans in feet, numbered from left to right 
for plate-girders, and from right to left for lattice ; the 
figures on the end vertical lines refer to the load in 
ewts. per foot, the left-hand side for lattice and the 
right-hand side for plate girders. The height from the 
span on base line to the line corresponding to the load 
per foot, measured with the “ vertical scale for ratio of 
span to depth,” gives the most economical ratio of span 
to depth. The form the diagram assumes proves very 
satisfactorily the truth of our previous assumption, that 
the most important element governing the proper depth 
of a girder is the load per foot. The influence of the 
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span is shown by the divergence of the lines from the 
horizontal, whilst the far more important influence of 
the load per foot is graphically illustrated by the diver- 

ence of the several lines from each other. As might 
et been predicted, the suitable depths for lattice 
girders under different loads are much more uniform 
than for plate girders; thus, whilst in the former case 
the ratios vary from 10 to 64, in the latter the range 
is from 14 to 5$. 
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In the present paper we have only attempted an ap- 
proximate solution of a problem of considerable im- 
portance ; the results arrived at are, however, sufficiently 

efinite to suggest the advisability of giving greater 
depth to the average run of girders than is at present 
the practice in this country. Mr. Zerah Colburn, in 
a descriptive paper on “ American Iron Bridges,” read 
at the Institution of Civil Engineers, pointed out the 
different practice adopted in the United States in this 
respect; he says: “ American engineers consider a 
“ depth of one-eighth for spans of 200 ft. as only mode- 
“rately deep; for shorter spans depths of one-seventh 
* and one-sixth are common; and in the case of one 
“ bridge of 120 ft. span, the depth from the centre of 
“the top to the centre of the bottom chords is 23 ft.— 
“a proportion of nearly one-fifth.” Now, as American 
bridges may safely challenge comparison with ours, as 
far as the weight of metal and the factor of safety is 
concerned, nothwithstanding the extravagant form of 
trussing usually adopted, we are quite justified in citing 
the above facts as corroborating the results arrived at 
in the preceding investigation. B. B. 








SWISS MARINE ENGINES. 


On page 254, we give an illustration of a pair of marine en- 
gines of a class fitted by the well-known firm of Messrs. Escher 
Wyss and Co., in Zurich, to several of the steamboats of the 
Danube Steam Navigation Company, in Austria. This com- 
pany is one of the most prosperous and powerful concerns of 
that country. Founded in the year 1830, with a concession 
amounting very nearly to a monopoly of steam navigation on 
the whole lower Danube, and with a Government guarantee of 
minimum returns, it worked with rapid success. Its original 
capital was only 100,000 florins; but the company, seeing the 
advantage of carrying on their operations on an extensive scale, 
soon raised additional funds so that a few years ago the total 
capital of the Danube company amounted to 25 million florins, 
The number of their steamers was 95 paddle-boats and 24 screw 
vessels. Besides these there were 474 other boats and barges, 
and to this plant constant additions are being made. It includes 
four passenger boats fitted out in the most excellent and luxu- 
rious manner for passenger traffic between Vienna, Pesth, 
Galatz, and Constantinople, vid Kustendje; also between 
Vienna and Odessa. The number of tug boats included in the 
above statement is thirty-two, these each carrying from 120 to 
400 horse power. Three dredging machines are also employed 
by the company. The whole length of line worked by the ships 
of the Danube Navigation Company is nearly 3000 miles. The 
traffic per annum amounts to about 600,000 passengers and 
13 million tons of goods. 

_This company possesses very extensive workshops at Ofen, 
Kornenburg, Pancsova, and near Orsova, the principal shop 
being the first-named near Pesth. These workshops are laid out 
for shipbuilding in a very complete manner, and consist of a 
boiler-maker’s shop, employing 50 to 60 men, and machinery 
driven by 10 horse power; a foundry with three cupolas of 4 tons 
each ; an engineer's shop, with 47 self-acting tools of different 
kinds, and employing 130 to 140 workmen; a forge, with 190 to 
200 men, 3 steam hammers of about 14 tons weight; a pat 
tern maker’s and joiner’s shop, with 7 self-acting wood-working 
machines, 16 horses steam power, and 40 men. There are, besides 
this, ropeworks employing 15 horse power, with 16 different 
machines and 60 workmen. These latter works are considered 
the finest of their kind in Europe. ‘They were constructed in 
1861 in lieu of the old rope-works which had been destroyed 
by fire. The covered walk of these works is about 1100 ft. long, 
and connects them with the store-house for ropes, contain- 
ing an assortment of all kinds of ropery ware, from a cable 10 in. 
in diameter dewn to thin twine. 





There are sundry other workshops of many other kinds attached 
to this establishment, which boasts of being able to fit out a pas- 
senger-ship complete, with every article in it, or belonging to it, 
without requiring to purchase anything but the raw materials. 

The principal aoglapenen of these workshops, however, is 
repairs of all kinds, and the instance of the engines shown in our 
illustrations shows that the company finds it to be to their 
advantage to obtain their new machinery from a first-class 
maker instead of building it all at their own works. 

The engines which form the special subject of this notice 
are, as we have said, engines constructed for the Royal and 
Imperial Danube Steam Navigation Company by Messrs, Escher 
Wyss and Co., of Zurich. Of these engines we give a trans- 
verse section on page 254, and we shall next week publish 
engravings showing other views of them. They are oscillating 
engines on the double-cylinder principle, one, the high-pressure 
cylinder, being of 38in. and the other of 57 in. diameter; both 
have a stroke of 3 ft. 6 in., and they are coupled to cranks placed 
at right angles to each other. 

The steam from the boiler is led through the outer trunnion 
of the high-pressure cylinder into one part of the jacket by 
which that cylinder is surrounded, this portion of the jacket 
being in communication with the valve chests, of which there 
are two, one on each side of the cylinder. The trunnion Pipe 
through which the steam enters is 9in. in diameter, and the 
jacket is 3 ft. Gin. high inside, a space of 2) in. being left be- 
tween it and the outside of the cylinder. The ports of the high- 
pressure cylinder are of the following dimensions: steam 
—. l5in. by 2}in.; exhaust ports, ldin. by 4in.; 

ars, 1din. The valves, which are furnished with 1} in. 
lap, have sufficient travel to open full port, and the pressure 
is taken off the back of each of them by means of a ring, 
which works against a face on the valve-chest cover. The 
two exhaust ports of the high-pressure cylinder communicate 
with that portion of the steam jacket which is next the centre of 
engine, and from it the steam passes through the inner trun- 
nions of the high and low pressure cylinders to the valve-chests of 
the latter. In the engines which we are describing there is a 
steam-chest placed upon the pipe connecting the inner trunnions 
of the two cylinders, but in some engines recently constructed 
by Messrs. Escher Wyss and Co. this reservoir has been done 
away with without affecting the working of the engines. The 
intermediate pipe and reservoir are well clothed, but no arrange- 
ment is provided for superheating the steam on-its passage from 
one cylinder to the other. The diameter of the ini..1.aXate 
pipe is-11} in.,and the arrangement of the trunnion stuffing- 

oxes, &c., is shown in our illustration. 

The low-pressure cylinder, which, as we have already stated, 
is 57 in. in diameter, has not a steam jacket, but the steam is 
conducted to and from the valve-chests by a passage cast round 
it, this passage being 2 ft. high inside by 4 in. wide at the centre 
and 13 in. wide at the top and bottom, The steam ports of the 
low-pressure cylinder are each 23 in. by 22 in., and the exhaust 
ports 4in. by 22in., the bars being liin. wide. The slide 
valves have in. lap, and their travel is such that they open 
full port. Unlike the valves of the high-pressure cylinder, they 
are not fitted with any arrangement for taking the pressure off 
the backs. From the exhaust ports of the low-pressure cylinder 
the steam passes through the passage round the cylinder and the 
outer trunnion to a pipe 12 in. in diameter, by which it is con- 
ducted to the condenser. The shape of the condenser is shown 
by the engravings, and the air-pump is placed in an inclined 
position at the centre of the engine, aud is worked by a crank on 
the intermediate shaft. 

The pistons of both cylinders are of cast iron, but they are 
packed differently, as will be seen by the sections. The piston 
of the high-pressure cylinder has two cast-iron packing rings, 
each 13 in. wide, these being each sprung open by a V and spring, 
as shown on the sectional plan. ‘The piston of the low-pressure 
cylinder, on the other hand, is packed with gasket, the packing 
being tightened by a junk ring which is set up by screws taking 
into brass nuts placed in recesses in the piston. The high- 
pressure piston is 11in. deep in the centre and 7 in. at the 
edges, whilst the depths of the low-pressure piston at the same 
points are 12 in. and 8in. respectively. ‘The piston-rods are in 
each case 5 in. in diameter, and they are coned in the piston 
bosses and secured by a recessed nut on the upper side, as shown 
in the sections. ‘The piston-rod stufling-boxes of both cylinders 
are 1] in. deep, and the glands are of cast iron, lined with gun- 
metal, the packing rings being of the latter material. 

The upper ends of the piston-rods are screwed into wrought- 
iron caps, between which and wrought-iron covering pieces the 
brass bearings are held. The bolts which pass through the 
caps and brasses have nuts at both ends, and are furnished with 
collars above the lower brasses, so that the latter are fixed to the 
piston-rod caps. ‘The crank-pin bearings are each 7 in. in dia- 
meter by 11 in. long, and the brasses are lined with white metal. 
‘The bearings of the intermediate and paddle-shatts are each 9 in. 
in diameter by 13 in. long, and their brasses are also lined with 
white metal. ‘The air-pump crank is forged solid on the inter- 
mediate shaft, and the other cranks are constructed in the ordi- 
nary, manner. ee 

The arrangement of the engine-frame is similar to that gene- 
rally adopted for oscillating engines, the upper frame being 
carried by wrought-iron columns, assisted by cast-iron cross 
bracing at each end. These columns in the engine we are de- 
scribing are eight in number, and are 3}in. in diameter. The 
throttle-valve is of the gridiron class, and the slide-valve gear is 
arranged in the usual manner, the motion of the eccentrics being 
transmitted to the valves by quadrants and rocking-shufts. The 
throw of the eccentrics is $in.; but the travel of the valves is 
increased beyond that due to this throw by the rocking-shafts 
being made with unequal arms, those coupled to the valve 
spindles being the longest. : : 

The pressure of the steam in the boilers varies from 45 lb. to 
50 lb. per square inch, and the engines make 82 revolutions per 
minute, and give an indicated power of 440 horses. The quantity 
of coal burnt averages 1300 Ib. per hour, the coal, which is from 
the company’s mines at Mohac, being of inferior quality, and 
not capable of evaporating more than 6} times its weight of 
water. The engines were made to replace three pairs of the 
ordinary oscillating class, with cylinders 47} in. in diameter and 
3 ft. Gin. stroke, and worked with steam at a pressure of 10 lb. 





per square inch. The original kelsons have been made use of, 
and the height from them to the centre of the crank-shaft is the 
same as before. The quantity of coal required to work the old 
engines was about 2100 1b. per hour, the kind of coal employed 
being same as is now used. The saving of fuel effected by the 
new engines during a voyage from Pesth to Galatz and back is 
about 55 tons, the distance being about 1900 miles. The trip is 
also accomplished in rather less time than formerly. 

The Danube Company are altering the engines of several of 
their steamers to the plan which we have described. We are 
indebted to Mr. M. pean Jackson, the manager of Messrs. 
Escher Wyss and Co.’s works at Zurich, for the tracings from 
which our illustrations have been prepared. 








THE FATE OF INVENTION. 
To Tue Eprror or ENGINEERING. 

Srtr,—In your notice of Major Palliser’s system of construct- 
ing heavy ordnance in your journal of September 28, page 225, 
you describe that gentleman’s gun as being ‘‘ made of cast iron, 
which is cast round an inner tube or barrel of coiled wrought 
iron.’ 

I beg to call your attention to the fact that the description 
above quoted is taken, in nearly the same words, from my paper 
inserted in the Journal of the Society of Arts for the month of 
November 1854, describing my system of constructing heavy 
artillery, which was further laid before the Board of Ordnance 
in the month of January, 1856, and was for more than twelve 
months under consideration with the select committee of that 
board at the Royal Arsenal at Woolwich. 

It would be tedious to go into all the circumstances which 
caused ~ plan to lie in abeyance for so many years, but I beg 
to state, for your information, that about three years after the 
latter date (1856) a patent, immediately impounded by Govern- 
ment, was taken out by Mr. (now Sir W.) Armstrong for a 
wrought-iron coil gun, presumedly from information derived 
from my ya on indestructible ordnance, inserted in the above- 
mentioned journal of November, 1854, which, as a member of 
the society, Sir William would receive in due course of post, on 
the day after publication, as well as from my plan deposited 
with the Board of Ordnance, ‘which was accessible to that 
"nto owing to his being in communication with that 

epartment. And as Major Palliser’s gun is manufactured at 

the 2twiek Rane Works, \s.is not an unfair assumption 
that the majéi’s syoveuris also derived from Sir William, who 
has been in possession of my plan since 1854. When I found 
that Sir W. Armstrong was receiving something like twenty 
thousand pounds, besides other emoluments, for his supposed 
invention, notwithstanding the astounding fact that Government 
had been in possession of the identical plan for constructing 
wrought-iron coil-guns since the year 1856, I caused a petition 
to be presented to Parliament by the Honourable F. W. Berkeley, 
M.P., in March, 1861, praying for some compensation or ac- 
knowledgment for my priority of invention and publication, 
more especially that my plan was laid before the select com- 
mittee unconditionally. 

My petition comprised the drawings of my wrought-iron coil- 
gun, with a cast metal jacket, both as a muzzle as well as a 
breech loader, on the side-wedge principle, which latter was 
adopted by Sir William after the failure of his own schemes for 
that purpose, but not until after the presentation of my petition, 
which may be examined at any time through the medium of a 
member of the House of Commons. 

I have further to state that when Sir W. Armstrong adopted 
my plan for a wrought-iron coil-gun, he dropped the latter 
portion of my process, and substituted an idea of his own, that 
is, instead of running cast metal round the tubular core, he 
shrunk coil upon coil upon the primary tube, a process now to 
be abandoned from want of weight of metal about and behind 
the breech, to resist the shock of heavy discharges, some of Sir 
William’s guns having recoiled or jumped backwards as much as 
40 or 50 ft. 

I beg also to note that I was recommended by the two very 
young gentlemen who seemed, as far as I was concerned, to 
represent the select committee of the Board of Ordnance at the 
Royal Arsenal at Woolwich, to make application to some eminent 
iron-master for a sample 10in. gun made according to my 
pattern. I applied accordingly to various establishments, and 
among others to the Gospel Oak Works, the Cyclops, the Mersey 
Steel and Iron Works, and to Mr. Whitworth. All those firms 
politely declined the undertaking, intimating to me that my 
scheme was not deemed practicable, though the more probable 
reason may be suspected to have been that my invention was 
not protected by patent right. 

Dates, however, prove that I was first in the field to move in 
the reform of our heavy ordnance. 

Faithfully yours, 


Reading, Oct. 2nd, 1866. Henry W. Revevey, C.E. 








CORROSION OF BOILER PLATES. 
To THE Eprror or ENGINEERING. 


Srr,—Would you kindly oblige by allowing me to make the 
following inquiry through the medium of your journal? 

We have on our works six common cylindrical boilers, each 
about 30 ft. long and 4 ft. 6 in. diameter, working up to a pres- 
sure of, say, 70 lb. to the square inch, and we find that they are 
suffering very much from the water we are using being strongly 
impregnated with iron, which arises from the fact that the 
stream from which the supply is obtained is principally fed from 
sume colliery workings in the neighbourhood. We should there 
fore take it as a great favour if you, or some of your corre- 
spondents who may have been similarly situated, could inform 
us of the system adopted to obviate, as far as possible, the cor- 
rosive action of the water on the plates, occasioned in some 
measure by the adherence of the deposit thereto, and whether 
you or they have tried filtration before the water goes into the 
boiler, and ,if so, with what results. 

We should also be glad to know the plan of filter used 

October 3, 1866. A. anp D. 
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RECENT PATENTS. 


A weavy delivery of specifications has been made 
this week by the Gneen's rinters, and the arrears 
are now nearly overtaken. the following specifi- 
cations of completed patents are for the present year, 
1866, and the year should be given in ordering them 
at the annexed prices from the Great Seal Patent 
Office, Chancery-lane. 

(No. 226, 10d.) James Howard and E. T. Bous- 
field, of Bedford, patent a water-tube boiler. Vertical 
water-tubes are connected at their upper and Jower 
ends by steam and water pipes respectively, internal 
tie-bolts being employed to hold them together. The 
fire is not permitted to act directly on the joints, 
and it is proposed to employ india-rubber in_ the 
sockets of the joints of the tubes. These boilers, 
which are now working in Bedford, have some points 
in common with Jordan’s, now being introduced by 
Messrs. Hayward Tyler and Co. 

(No. 227, 10d.) Evan Hopkins, of Clarendon- 
gardens, Maida-hill, patents his now well-known 
mode of depolarising iron ships by sending electric 
currents through them, from stem to stern. In the 
case of the Northumberland, Mr. Hopkins professes 
to have done this with a current from but five of 
Grove’s cells ; but Staff-commander Evans denies that 
the ship has been demagnetised at all. 

(No. 228, 4d.) M. Silvester, of Gilbert-road, Ken- 
nington-lane, patents a composition to be mixed with 
the feed-water of boilers to prevent incrustation. It 
consists of 4 parts by weight of powdered charcoal, 
2 of carbonate of potassa, 8 carbonate of soda, and 
1 of muriate of ammonia. 

(No. 229, 10d.) J. W. Evans, of 38, Norfolk- 
street, Strand, patents forms of metal cases for con- 
taining coiled springs as used for,yrailway bufling- 
springs, and sometimes “7 ‘hearing3y"r35,;'- 

(No. 231, 10d.) Lishman and Chambers, of Stockton- 
on-Tees, patent movable “cases” for drying founders’ 
moulds. 

(No. 234, 8d.) Lord, Lancaster, and Bennett, of 
Great Horton, near Bradford, patent a stop motion for 
looms, which would require drawings to explain it. 

(No. 236, 8d.) G. T. Bousfield, of Loughborough 
Park, Brixton, patents a Jacquard loom, which could 
only be understood from drawings. 

(No. 240, 6d.) Thomas Spencer, the well-known 
chemist of Euston-square (and who describes himself 
as a “chemical engineer”), patents a compound of 
magnetic oxide of iron and sawdust as a fertiliser for 
land and as a deodoriser of sewage. 

(No. 241, 1s. 4d.) James Jones, of.8, Southampton- 
buildings, patents an ore-crusher and stone-breaker, 
not siatioal like Blake’s, but still having a like pair 
of jaws, one of which is fixed, while the other works 
by a crank and connecting rod. Ore pulverising and 
separating machinery is also shown. 

(No. 249, 8d.) George Dyson, of Lindley, near 
Huddersfield, patents metal belt clips for driving-straps. 
One of the clips has teeth which pass through the belt, 
and the clips are held together by a single screw in the 
centre. We do not think this is new. 

(No. 250, 10d.) J. A. Castree, of Manchester, patents 
a loom in which, instead of the shuttle being driven by 
the ordinary picking motion, with tappets on the 
tappet-shaft, the picker arm is thrown by a strong 
coiled horizontal spring, which is extended by the 
motion of the slay itself, and released when the slay is 
nearly at the limit of its motion towards the healds. 

(No. 253, 10d.) Francis Wise, of Chandos-cham- 
bers, Adelphi, patents the now well-known “ Basson 
lubricator,” as illustrated and described in ExGingEr- 
1nG of September 7th. 

(No. 256, 10d.) Mr. Johnson, of 47, Lincoln’s-inn- 
fields, patents as a communication the construction of 
the steam-ships which Captain Randall, of Philadelphia, 
is seeking to establish between that port and Liverpool. 
These are to be four-wheel paddle steamers > en 


bars of iron are then laid in the recesses at the s ide 
when the whole is heated and rolled down to the form 
of the finished rail. 

(No. 267, 1s. 8d.) M. A. F. Mennons, of 8, South- 
ampton-buildings, patents a mode of using hot air under 
pressure as a motive power. 

(No. 268, 1s. 2d.) Justice and Guild, of Dundee, 
patent a machine for softening fibrous stalks for the 
extraction of fibre. The fibre is to be pressed between 
a large central roll or horizontal cylinder and a num- 
ber of weighted rollers around the upper portion of 
its periphery, and connected with it by spur gearing. 
This gearing is driven slowly by a screw and worm 
wheel ; but although the screw turns constantly in the 
same direction, it is drawn to and fro in the direction 
of its own length by means of an eccentric. The rolls 
are thus being reversed at short intervals, but their 
forward motion exceeds the backward motion. The 
action effectually breaks up the fibre stalks. 

(No. 270, 10d.) James Howden, of Glasgow, pa- 
tents the mode of steering vessels by ejecting currents 
of water to one side or the other of the stern. Messrs. 
a claim this plan, as applied to the Clyde ferry- 

oat. 

(No. 271, 10d.) Cook and Hacking, of Bury, patent 
a large annular steam-drying cylinder for drying sized 
warps. The annular case is supplied with steam 
through hollow arms radiating from the central shaft. 

(No. 274, 1s.) W. W. Pocock, of Craven-street, 
patents a gas-meter in which the measuring vessel rises 
and falls in a hydraulic seal in the manner of an ordi- 
nary gasholder. We do not perceive how this plan can 
afford a continuous delivery, and the capacity of the 
vessel would vary somewhat also with the pressure of 
the gas, the water seal being forced higher at a high 
pressure. 

(Me9;75, 1s. 4d.) A. B. Childs, of 481, New 
Oxtord-street, patents as a communication an ore- 
stamping machine, in which the stampers are forced 
down by atmospheric pressure in the manner of the 
atmospheric hammer. 

(No. 281, 8d.) John Orr, of Belfast, patents a mode 
of working the air-pump of a steam-engine by means 
of a jointed rod or connecting rod attached to the cross 
head, and working, not in the line of the piston-rod, 
but at an angle of about 30° or 40° from it, so as to 
give a lessened throw to the air-pump. We can show 
Mr. Orr several previous patents for the same thing. 

(No. 284, 8d.) Alex. Chaplin, of Glasgow and 
London, patents the V-grooved engine tyre, illustrated 
in ENGINEERING, vol. i. p. 189. 

(No. 286, 6s.) James Robertson, of Glasgow, 
patents a mode of dredging, excavating, &c., wherein 
strong jets of water, or even of air, are discharged 
upon the earth, sand, &c., at the point where the tool 
is acting. It is an extension of the principle so suc- 
cessfully employed (but not patented) > Mr. Brunlees 
for sinking the piles of the viaducts across the head of 
Morecambe Bay. 

(No. 287, 10d.) John Berrie, of Manchester, 
patents’ building and working one line of railway 
over another, the upper one for passengers, the lower 
one for goods. The passenger trains descend from 
their airy elevation at stations, and ascend again by 
suitable inclines. The object is to save the cost of 
land, but nothing is said of the cost of the works. 

(No. 288, 10d.) J. B. Dalhoff, of Copenhagen, 
patents file-planing and file-cutting machinery. The 
file blanks are to be planed under water. 

(No. 293, 1s.) Ardrey, Beckett, and Smith, of 
Manchester, patent a self-adjusting grinding appa- 
ratns for taper and other spindles, the grinding rolls 
being guided by a f seaed w so as to follow the 
contour of the object being ground. 

(No. 294, 10d.) Louis Sterne patents, as a com- 
munication from Edward Lindner, of Vienna, a com- 
pound spring of vulcanite and soft india-rubber rings, 
so formed as to enclose an air space, and it is the 
compression of the air which is to render the spring 





450 ft. long, to be of light draught, and to carry no 
spars or sails. The patent is for deep trussed frames 
and lattice-work em ae to stiffen the hull, and for | 
making the hind sallincsbests one-eighth larger than | 
those in front, to take up slip, as the patentee alleges. 
The trussed frames are not new, and the difference of 
diameter of the wheels is not necessary to take up the 
slip. 

( No. 257, 3s.) Captain F. L. Roux, of the French 
Navy, patents a mode of applying insulating material | 
between the sides of an iron ship and the copper 
sheathing. 

(No. 260, 8d.) W. H. Barlow, the engineer to the 
Midland Railway Company, patents a rail pile for 
rolling rails with steel top and bottoms and iron sides. | 
A short thick steel bar of I section is first rolled, and | 





‘guard. The pulling of this signal is also to ring a bell 


effective in buffing. 
(No. 303, 1s. 4d.) Clayton, Raper, Golding, and 
Howarth, of Bradford, patent improvements in 
* swivel looms” for figured bsbrics. 

(No. 304, 4d.) Coleman Defries, of Hounsditch, 
pets the oft-patented hand signal-disc, to be pulled 
”y railway passengers to attract the attention of the 


in the guard’s van. Every carriage is to have doors 
at its ends, and through all the partitions, the doors 
being above the level of the seats. Bridges are to be 
made between the carriages, and the guard, on hearing 
the bell and seeing a signal, perhaps ten carriages in 
front of him, is to go through the train, ringing at 
each door, “ so as not to alarm the passengers by his 


rising to enable him to pass! Having satisfied himself, 
after this pleasant little excursion, as to what is the 
matter, he can return by the way he came; and in case 
the carriage he has visited has a broken tyre or axle, 
or something of the kind, he may get back in time to 
put on his brake! The guard, too, is to control all the 
doors in the train, and to open them by a single bolt 
from his van, only after the train has come to a stop. 
Mr. Defries is the well-known gas-meter maker. 

(No. 305, 4d.) H. A. Bonneville, of 38, Porchester. 
terrace, Bayswater, patents a mode of compressing 
together by hydraulic pressure iron or steel turnings, 
borings, &c., into a mould. The compressed block is 
then to take a welding heat, and to be forged into a solid 
mass, or into tubes for gun-barrels, &. We would be 
glad to see a tube made in this way. 

(No. 310, 1s. 10d.) W. and J. Woodward, of New 
Islington, Manchester, patent forming boiler furnaces 
and fireboxes, with water bottoms, through which air 
tubes are to be formed. 

(No. 321, 1s. 4d.) Andrew Murray, the engineer 
of Portsmouth Dockyard, patents a steering gear for 
ships of war. A pair of donkey engines are to drive a 
shaft on which is a worm working in a large worm- 
wheel. Pinions, one on each end of the worm-wheel shaft, 
are to engage in a pair of horizontal racks, which are 
connected at each end to a cross head formed on the 
piston-rod of a water piston working in a water-cylin- 
der placed horizontally between the racks. A like 
water-cylinder of exactly the same capacity, and hav- 
ing a piston, piston-rod, &c., is to be placed near the 
rudder-head, and so that the piston may connect with 
it to work the rudder. The water (or, in cold climates, 
alcohol or spirit) is to serve as a carrier merely between 
the two water-cylinders, and we do not see why the 
donkey engines cannot be themselves connected directly 
to the rudder. 

(No. 323, 8d.) J. J. and E. Harrison, of Broughton, 
near Manchester, some time since patented a l6om 
which we noticed. Their present specification is almost 
identical with that of their former patent. 

(No. 327, 8d.) W. J. Blinkhorn, of St. Helen’s, 
patents the mode, familiar by suggestion and prior 
patents, of communicating between railway passengers 
and the guard, by pulling a cord which will put ona 
signal on the roof of the carriage, and at the same time 
ring the guard’s bell and blow the engine whistle. 








Tue Bricutron Rattway.—A new line of the Brighton 
Company’s system, from Three Bridges to Tunbridge Wells, 
has been opened this week. 
A Canoe VoyaGE.—Mr. Macgregor, of the Temple, has 
completed a canoe voyage of 1000 miles in Norway, Sweden, 
Denmark, and the Baltic. The boat is 14 ft. long, 26 in. wide, 
weighs 601b. and the luggage, cooking utensils and “ stores,” 
12]b. This is a new canoe named the Rob Roy, and not the 
famous little craft of the same name in which Mr. Macgregor 
voyaged last year. The canoe got on very well in the open sea. 
Besides its own voyage, it was carried 1000 miles in steam- 
boats, &e. 
Fraser Guns.—The Fraser cheap guns, made at Woolwich, 
have been severely and successfully tested, and now Col. Camp- 
bell, Superintendent of the Royal Gun Factories, has received 
orders for the manufacture of 200 68-pounders, 25 9-inch guns, 
and.a couple of heavy guns to carry a 600 lb. cylinder, each 
gun to be denominated “ Fraser gun.” 
WestminstER ABBEY.—The Metropolitan District Railway 
will run, in covered way, within 50 ft. of Westminster Abbey, 
or a distance of upwards of 100 ft. The wall’of the covered way, 
15 ft. Gin. high, is to have a thickness of 7 ft. of tan to prevent 
any vibration from reaching the grand old pile. The tan was in- 
sisted upon by Mr. Bidder, acting for the Dean and Chapter. 
Water Supp.y.—Public meetings are being held in London, 
and petitions to Parliament are being signed, to obtain legislative 
enactments to compel the water companies to filter their water 
more completely than at present, and to deliver it under constant 
service, 
THe CABLE TO HANOVER.—This cable has been success- 
fully laid this week from Lowestoft to- Norderney. 
InpiAN Troop Surps.—The Jumna and the Serapis have 
been launched, the first by Messrs. Palmer, at Jarrow, the 
second at the ‘thames Ironworks. Both are 360 ft. long between 
—— 49 ft. beam, and their tonnage is 4173. Messrs. 
faudslay will fit 700 horse engines to the first-named ship, and 
Messrs. Humphrys and Tennant will fit engines of the same 
power to the Serapis. 
Tue ATLANntic CaBLEs.—The two cables can send 1500 
messages a day. Each cable can transmit from 15 to 20 words 
a minute. 20 Daniel’s cells are used, from 50 to 500 having been 
used on the cable of 1858. Mr. Latimer Clark on one occasion 
jomed the two new cables together, making a line of 3700 miles, 
and then put acid in a lady’s silver thimble, a bit of zinc 
and copper, and passed signals through the whole length ina 
little more than a second with that small power. It is the 
opinion of Mr. Clark, the engineer, that the two cables will 
maintain their insulation through a long series of years. 
Mr. Dantet Goocn, M.P.—Mr. Gooch, who has risen 
through the ranks of railway service to the omen of the 
Great-Western Railway and to a seat in Parliament, and who is 
now understood to be the principal proprietor of the Great 
Eastern steamship, will, it is now announced, soon become Sir 
Daniel Gooch, Bart. Mr. Sampson will receive a similar honour, 
and Professor Thomson, Captain Anderson, and Messrs. Glass 





* sudden appearance among them,” the passengers 





and Canning are to be knighted. 
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SOCIETY OF ENGINEERS. 
Monday, October 1st. 
On Rivetted Joints, by THomas BALDWIN. 

Asx a boiler-maker why he places the rivets in a boiler 
2 in. apart, and he answers, because “‘it’s the practice,” that 
is, because itis customary todoso. = , 

Ask the inspector of a boiler association the same question, 
and he, “with his extensive experience and close observation of 
many hundreds of boilers,” tells vou that 2 in. is the best 
distance, since all boiler-makers use it, and, further, if the rivets 
be placed at a greater distance apart, the joints cannot be made 
tight, and, if placed nearer together the metal, left between the 
rivet holes, will be too weak to bear the strain upon it. 

If, then, you say to these gentlemen it has been found by ex- 
periment that a bar of iron 1 in. square used as a rivet will be 
sheared across by a force of 50,0001b., and that a piece of 
boiler plate having a section equal to 1 square inch will be 
torn asunder by 51,000 lb., and that you conclude from these 
experimental facts that the area of the rivet and the area of the 
cross section of the metal left between the rivet holes should be 
nearly equal to make the strongest boiler, you are at once told 
that “in theory it may be so, but it has been found that the 
plates are so much weakened by the use of the punch that 
nothing short of 2 in. will do for the pitch of the rivets.” If 
you ask to be referred to experimental data showing that this 
pitch under all circumstances is the best, you are simply told 
that experience teaches it, and this even by men placed in a 

ition to advise the users of steam boilers as to the best method 
of construction. 

The writer is, therefore, desirous of placing this matter fairly 
before those who spend large sums of money in steam boilers 
and yet get only 75 per cent. of the strength that cor- 
rect principles of construction will give, and, therefore, pay 
25 per cent. more for a boiler than is required, if these 
principles be attended to, or get a boiler that is 25 per 
cent. weaker than it ought to be. However strange it may 
seem, a boiler made of gin. plates and put together with 
zin. rivets and 2in. pitch is just as strong as a boiler made 
of }in. plates with the rivets and pitch the same as used for the 
jin. plates, for both would give way by the rivets being sheared 
across, which causes the user of a boiler to pay 25 per cent. 
more for his boiler than he ought to pay. 

We will now try to ascertain and confirm by mathematical 
demonstration what ought to be the proper pitch to get the 
strongest rivetted joints for steam boilers from the least material 
when the thickness of plates and the diameter of the rivets are 

ven. 
af mathematical demonstration is by far the shortest and 
simplest way of arriving at the required result, 

Let P—pitch of the rivets in inches. 

d=diameter of the rivets in inches. 
a=area of one rivet in inches. 
i=thickness of plates in inches. 
s=number of pounds required to shear 1 square inch of 
wrought iron in the form of rivets. 
n=number of pounds required to tear asunder 1 square 
inch of the boiler plate, left between the rivet holes 
after punching. 
Then the sectional area of the plate between any two rivet 
holes is 
=(P—d)t, 
and the force required to tear that section asunder is 
= tn ... eee ee 


ie ose (ly 
The force required to shear one rivet across is 
=8 ... ooo vee eee eve coe (2) 

_ Now, to economise material, and make the strongest single 
rivetted joint, we must make the rivets just on the point of shear- 
ing across when the plates are just on the point of being torn 
asunder; thus (J) and (2) must be equal, or 


(P—d)tn=as Sas ra ——— 
from which we get 
P=—+d (4) 
~ tn 
and 
as 
"=-"p_—ayt _ ina sad wet na = 


Now, Mr. Fairbairn has given a table for practical use, in 
which the thickness of the plates, the diameter of the rivets, 
and the pitch of the rivets are stated. 

Making s=50,000 lb., which has been arrived at by experi- 
ment, and given on the authority of Professor Rankine, and 
making P, d, and ¢ agreeable to Mr. Fairbairn’s table, we find by 
equation (5) the values of » in table 1, column 5. 
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. The values of m shown in the last column are very variable 
indeed, attaining a maximum in the case of 2 in, plates amount- 
ing to 58,893 lb., while the experiments made by Mr. Fairbairn 
on the tensile strength of boiler plates, and given in his paper 
read before the Society of Arts in November, 1864, gives the 
mean value of n=52486 lb., and yet we find the values of n as 
deduced for in. plates from Mr. Fairbairn’s table amounting 
only to 43,666 Ib. and for ,, in. plates as low as 39,2701b., a 
discrepancy quite unaccountable. 

_ The common practice of making the distance between the 
rivets 2in. for three-eighth plates with three-quarter rivets 
gives by equation (5) the value n—51,0411b., which is a close 





a to the strongest form of joint for single rivetted 
tes. 


If n be taken of the same value as Mr. Fairbairn recommends 
for three-eighth plates we have by equation (4) 


Se 4. S585. (A) 


as a 500 
P="in + 4=~ 5x 58893 
But if the pitch of the rivets for three-eighth plates be 2 in., 
then n=51,041 lb., with 3 in. rivets and 4 in. plates we get, 
p—S417x50000 
="bx51041- (B) 

Mr. Fairbairn gives a number of experiments on single 
rivetted _ (in the Philosophical Transactions for the year 
1850 and in his “ Useful Information for Engineers ”), the thick- 
ness of the plates used being .22in. and 3 in. broad put together 
with 4 in. rivets. 

The mean breaking weight of all the experiments is given at 
18,590 lb. 

The area of the two rivets being 2 .19685=.3927, -and the 
sectional area of the plates after punching = (8—1) .22=,44, 
from which we get 


+ .75=1.615in. ... 


18590 _. 
Fy = 42250 Ib, 


which being used for jin. plates with gin. rivets, we have 
by (4) 





-4417 x 50000 | 

x 42200, 5° (C) 

Mr. Fairbairn’s experiments with plates .22in. thick, 33 in. 
broad, fastened together with three rivets } in, in diameter, 
gives 

Area of the three rivets... se 
Area of plates, deducting rivet holes 
which broke through the line of rivets by 
9675 
“qq = 44534 1b. 

Had these plates been 4.178in. broad instead of 3.5 in., the 
section of the plate after punching would have been 
2.678 x .22=.589 equal to the area of the three rivets, and the 
rivetted joint much stronger, the ratio of strength being nearly 
as 100 to 84. 

But experiments made on only two or three rivets is no fair 
criterion, as Mr. Fairbairn has suggested, for he concludes 
that the strength of a single rivetted joint, including the rivet 
holes in the measurement of the section of the plate, is fairly 
represented by a breaking strain of 34,000 Ib. cn the square 
inch of such section. 

Now the entire section of the plate used in the experimental 
inquiry with two rivets was 3x.22—.66 in., and the section of 
the plate after deducting the rivet holes will be(8—1).22—.44in. ; 

34000 x .66 ; 
44 
the rivetted plates to resist a tensile strain. 
Applying this value of n as before, we find for 4 in. plates and 


3 in. rivets 
4417 x 50000 
P= : E 
5 x 51000 © 

The mean of these results for } in. plates will be found to give 
P=1.63 in. 

We therefore find that the shearing force and the tensile 
force are so nearly equal that, for practical purposes, they may 
be considered so; we can then dispense with s aud n in equation 
(4); which becomes 


= 75=1.795 in. 


= .589 in, 
= .44in., 
19,675 lb., giving 


n= 


we then have n = = 510001b. as the power of 


+.75=.616 


P =i+d ee (6) 
Which gives for 4in. plates and 3 in. rivets 
p =4417 , .75=1.6884 in., 


~ 
nearly the same value as the mean of all the other deductions. 

After Mr. Fairbairn bas analysed his experiments he says, 
“If we take the mean of the experiments as respects the area of 
“ the rivets to that of the plates, we find one-half in rivets about 
“the proportion, or the area of the rivets in the last experiments 
“ should have been .4 in., which is nearly equal to the area of the 
“ plates through the rivet holes.” 

The following note is also attached: “ Subsequent experiments 
“ made for ascertaining the strength of rivets (vide experiments 
“ on the strength of rivets for the Britannia and Conway tubular 
“ bridges) fully corroborate these views, namely, that rivetted 
“¢ joints exposed to a tensile strain are directly, or nearly so, as 
“ their respective areas, or, in other words, the collective areas 
“ of the rivets are — to the sectional area of the plate taken 
“ through the line of rivets.” : 

Again, in his oy read before the Society of Arts (November, 
1864), he says: ‘‘In this estimate we must, however, take into 
‘* consideration the circumstances under which, the results are 
“ obtained, as only two or three rivets came within the reach of 
“ experiment, and again looking at the increase of strength 
“which might be gained by having a greater number of rivets 
“ jn combination, and the adhesion of the two surfaces in contact, 
‘« which, in the rivet-joints compressed by machine, is consider- 
“ able, we may fairly assume the following relative strengths as 
“ the value of plates with their rivetted joints: 

“Taking the strength of the plate at 100, 
“ The strength of the single rivetted joint will be 56.” 

Now we find, by equation (6), for all practical purposes, s and 

n are so nearly equal that they may be neglected, and that 
Padiee «se ae me) cee 

Then we have 100 : 56: : P : P—d; but it has been shown that 

the area (a) of the rivet must enter into the caleulation, and if 

we substitute the equivalent of P—d from (7), we get 


100 : 56: P:= 

P=1.7857 = (8) 
which for half-inch plates and three quarter-inch rivets gives 

P=1.7857-—— (F) 





——= 1.5774 in. 
a) 


Or arene, “i value .7854d? for a in (8), we have 
P=147 (9) 


This expression for the distance of the rivets is therefore 
deduced from Mr. Fairbairn’s estimate of the whole of his experi- 
ments, and gives values differing from Mr. Fairbairn’s table 
given in his paper, and before quoted. 

Now, Mr. Frarbairn gives distances for rivets, which he states 
he finds the best in practice, yet at the same they do not agree 
with his deductions from experiment. 

No one will doubt the importance of having the shells of boilers 
made of the strongest possible construction. 

When the single rivetted joint is used, and the thickness of the 
plates and diameter of rivets given, we have seen that the true 
pitch of the rivets is given sufficiently near for practical pur- 
poses by equation (8), and also again as deduced from Mr. 
Fairbairn’s estimate of his own experiments by equation (9). 

A table, giving the pitch and diameter of the rivets, and the 
thickness of plates, will be found below, containing the results’ 
of both these investigations. 
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Thickness | Diameter | Area of the 
of the plates|of the rivets rivets rivets in rivets in 
in inches. | in inches. in inches. inches. inches. 
Equation (6)| Equation (9) 
t a. a P= +d pa14e 
4=.25 =.5 1963 1.2854 1.4025 
ic = 3125 =.625 3068 1.6067 1.7528 
$=.375 =.46 4417 1.9278 2.10383 
vg =.43875 =.75 4417 1.7596 1.8031 
Vg = 4375 13 =,8125 5185 1.9976 2.1159 
, ay =.75 ‘4417 1.6334 1.5774 
$=.5 }3=.8125 5185 1.8496 1.8513 
4=.5 =.875 6013 2.0776 2.1471 
v5 =-5625 43=.8125 5185 1.7343 1.6456 
*, =.5625 =.875 6013 1.9439 1.9086 
$= .5625 | 28=.9375 6903 2.1647 2.1910 
§=.625 43 = 9375 6903 2.0420 1.9729 
§=.625 18=1, .7854 2.2566 2.2436 

















The fourth column of the last table seems to be entirely 
trustworthy as to the pitch of the rivets, since the relations of 
the strains are more uniform than would be the case if the for- 
mula of the last column was used. 

Where the holes are punched, their mean diameter should be 
taken in fixing the pitch, as the taper of the hole reduces the 
area of the metal between the rivet holes, and it is only neces- 
sary to increase the pitch by the amount the mean diameter ex- 
ceeds the diameter of the punch. 





STRENGTH OF CAST-IRON PILLARS. 
(Concluded from page 238.) 


Tue explanation of these remarkable results appears to me 
to be this: The weight being applied equaily on all sides of the 
pillar, which is supposed to be straight when unloaded, the 
side having the least metal will be the most compressed ; this 
will determine the direction of the flexure, so that its convexity 
will be on the thickest side. When the load is near the break- 
ing weight, the convex side, near the middle, is subject to a 
tensile force, and the concave side to a crushing force. Hodg- 
kinson found that it required seven or eight times the force per 
square inch to crush the kind of iron he used that it did to rup- 
ture it by a tensile force, and although the sum of the crushing 
forces, acting on one portion of the horizontal section at the 
place of fracture, largely exceeds the sum of the tensile forces 
acting on the other portion of the same section, the difference in 
the powers of the metal to resist the two forces is so great that, 
in a long pillar, a much less area of-section is required to resist 
the sum of the crushing forces than to resist the sum of the 
tensile forces. If the iron trom being harder on the thin side is 
less compressible on that side, or if the weight is not equally 
distributed on all sides, or if the pillar is not straight when un- 
loaded, the direction of the flexure, when loaded, may be such 
that the convexity is on the thin side; in this case the deflection 
caused by the load will depend on the compression of the thick 
side; from the greater area subject to compression the amount 
of the compression, and consequently of the deflection, will be 
less than if the sides are of equal thickness. In either case, 
when the inequality in the thickness on opposite sides is not too 
much, the pillar may support a load as great, or even greater 
than if the thickness was equal on all sides. » 

Hodkinson determined a new formula for the breaking weight 
of hollow cylindrical pillars cast from Low Moor iron, No. 2, 
from the experiments given in his second paper, viz. : 


W = 94859 D*t—d*, (8) 
h 63 

Formula (1) was determined from the experiments given in 
the first paper, which, from their wider range of dimensions, are 
much better fitted for such an induction than the experiments 
given in the second paper. 

In applying the formulas to practice, it is of the greatest im- 
portance to determine the proper allowance to be made for 
possible defects, and to insure complete security against frac- 
ture, using no more material than is necessary. In doing this, 
many things should be considered. 

The experiments from which the formulas are deduced were 
made on pillars of-smaller dimensions than those commonly 
used, and they were very carefully cast from Low Moor iron, 
No. 3. The strength of iron in small castings is usually greater 
than in large castings. Low Moor iron has a very high reputa- 
tion ; its transverse strength, however, by Hodgkinson’s experi- 
ments, appears to be less than that of many other kinds of iron. 
The different qualities of iron are usually classed as Nos. 1, 2, 
and 3, differing from each other in the appearance and pro- 

rties of the material. No. 1 includes the softest and richest 
irons, those having the largest crystals, and containing generally 
the most carbon; No. 3, the hardest and densest irons, those 
having the smallest crystals; No. 2 irons are intermediate be- 





tween Nos. 1 and 3. No. 8 iron, although the least valuable, is 
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usually the strongest. Castings made from a mixture contain- 
ing a considerable portion of old metal have usually greater 
strength than castings from a simple iron. The cheapest irons 
thus appear to be the most suitable for making pillars. 

The experimental pillars, from which the formulas are deduced 
were cast in dry sand moulds, and most of them vertically, in 
order to obtain, as far as possible, —T in the texture of 
the iron, This is generally understood to be the best, as it is the 
most expensive mode of moulding; but casting vertically does 
not appear to produce the strongest castings. In the experiments 
made in 1856 at the Royal Gun Factories at Woolwich, on the 
strength of cast iron, fifty-three different kinds of iron were 
tested; bars were cast 22 in. long and 2 in. square; in one balf 
of them the moulds were laid horizontally, in the other half verti- 
cally; in nearly all cases the bars cast horizontally, when sub- 
jected to a transverse strain, had a greater breaking weight than 
those cast vertically; the average being about 19.5 per cent. 
greater. Founders prefer to cast pillars in moulds laid horizon- 
tally, or nearly s0, on account of economy ; there is, however, 
‘much greater liability to imperfections in the castings than when 
cast vertically. 

In the experimental pillars great care appears to lave been 
taken to make them straight; a small variation from a straight 
line in the axis of a pillar will, in general, weaken it materially ; 
this is a defect, however, which can be readily detected, 

In the experiments on pillars with flat ends, much care was 
taken to have the weight uniformly distributed over the whole 
area of the metal at the ends; this is not an easy matter to ac- 
complish in so unyielding a material as cast iron ; it can be most 
readily done by interposing a plate of more ductile metal, such as 
copper, between the two surfaces of cast iron, Although this 
was not done in testing the experimental pillars, there can be no 
doubt but that they were much better fitted in this respect than 
can be expected in ordinary practice. 

The experimental pillars were tested in a rigid iron frame, 
which must have secured them from sensible vibration, except 
for the moments when the weights were applied. In many 
structures in which cast-iron pillars are used, such as factories, 
they are pretty constantly subject to vibration; what effect this 
has in weakening the pillar it is not easy to estimate; the addi- 
tional strain tending to produce fracture by lateral flexure must 
be in some proportion to the amplitude of the vibrations; in 
ere of ordinary length and size, such as are commonly used in 
factories, the amplitudes of the vibrations are very small; 
although they may be very sensible to the touch, they are, usually 
too small to be detected by the eye; this being the case, it would 
appear that, ordinarily, the additional strain due to the vibra- 
tion is very small. It bas been a common opinion that long- 
continued vibration, although very small in amplitude, causes a 
change in the structure of iron, rendering it more liable to break ; 
of late, however, this notion appears to have been abandoned by 
those best informed. 

In testing the experimental pillars, sufficient weight was 
applied to break the pillar in a short time, and it is certain that 
a somewhat less weight would have produced fracture in each 
case, if applied during a sufficiently long period of time. Fair- 
bairn made some experiments on this point. He loaded a pillar 
with 97 per cent. of the weight which had previously broken 
another pillar of the same dimensions ; it bore this weight between 
tive and six months, and then broke. In another pillar, loaded 
with 75 percent. of the weight which had broken another of the 
same dimensions, at the end of three years its lateral deflection 
was still increasing slightly; this does not indicate, however, 
that it would ultimately fail, as we find the deflection of bars of 
cast iron subject to a lateral strain increasing for a much longer 
time, although loaded with from 70 to 96 per cent. of the weight 
which broke another bar of the same dimensions and material. 
Fairbairn, referring to his experiments on the progressive deflec- 
tion of bars of cast iron, subjected to a transverse strain for a 
period of about five years, remarks as follows: 

“ Viewing the whole of these experiments in relation to the 
solution of a problem affecting the ee which regulate the re- 
sistance of bodies in continuous strain, it is important to observe 
how admirably the cohesive powers of matter adapt themselves 
to circumstances, and with what tenacity they resist forces 
tending to dissever and +“ their parts. 

It is still a question for consideration how far this power 
extends, and whether or not bodies, when loaded within even 
cayath part of their breaking weight, would sustain the load for 
ever, provided that no disturbing cause were present to produce 
fracture. 

“ I am strongly inclined to think that such would be the case, 
notwithstanding the fact that the whole of the loaded bars ex- 
hibit a progressive increase of deflection, which fact I am dis- 

ysed to attribute ‘to the vibrations continually going on in the 
Duilding where the bars were fixed, and to those atmospheric 
changes, such as temperature, oxidation, &c., to which every 
description of material is subject.” 

I think we may safely infer that a pillar, not subject to dis- 
turbances, may be loaded with a very large proportion of its 
breaking weight, say %,, or more, for a time indefinitely long 
without breaking; but that a pillar, loaded with a weight a very 
less than just sufficient to break it in a short time, will be liable 
to break within an indefinitely long time; and that this time 
will be much shortened if the pillar is subject to vibration. 

Pillars in some situations, such as warehouses, are subject to 
concussions from bodies falling on the floor above; the effect of 
this on the pillar would be much weakened by the mass of the 
floor, and it can scarcely happen when the pillar is otherwise 
loaded to the full extent it is designec to support. 

We have seen that the formulas for the breaking-weight are 
deduced from experiments made on small pillars, very care- 
fully cast from iron of superior quality ; when the same formulas 
are applied to pillars made of iron of inferior quality for the 
purpose, and are less care fully cast, it is reasonable to expect 
that the computed breaking weight will be too great. From 
what has been stated above, however, it may be inferred that, 
if the pillars are cast straight and sound, they will, in general, 
be as strong when made of the cheaper material and by the 
cheaper mode of casting, as the experimental pillars of Hodg- 
kinson, 

We have seen, also, that when the formulas were applied to 
experimental pillars of somewhat larger dimensions than those 





from which the formulas were deduced, cast from different kinds 
of iron, that the actual breaking weights generally exceeded the 
breaking weights computed by the formulas, In practice pillars 
are subject to the effects of vibration and time, which tend to 
cause them to fail when loaded with less than the computed 
breaking weights. 

What allowance should be made to cover all unfavourable in- 
fluences, and to afford sufficient surplus strength to ensure 
complete security against failure, is a matter of opinion, and one 
in which the most experienced and skilful may differ widely. 

In 1847 a commission was appointed by the British Govern- 
ment to inquire into the application of iron to railway structures. 
This commission obtained the opinions of the most eminent Eng- 
lish engineers and constructors, and in the appendix to their 
report* they give the following analysis of the evidence relating 
to cast-iron beams or girders: 

“There appears to be a considerable difference of opinion as 
to the proportion between the greatest load which a girder should 
be allowed to bear and the breaking-weight. There are two 
conditions under which the weight may be —_— viz.: Ist, 
when stationary, as in the case of water-tanks, floors, &e. ; 
2nd, when the weight moves, so as to cause concussions and 
vibrations, as in railway bridges. In girders required for the 
first case, Mr. Fox and Mr, T. Cubitt consider that the breaking 
weight should be three times the greatest load; Mr. P. W. 
Barlow, four times; and Mr. Glynn would not make it less than 
five times the load. 

‘*In girders for railway bridges, Mr. Brunel states that he 
allows the load to be } or 2 of the breaking weight; but he con- 
siders that the rule he adopts for calculating the dimensions of 
his girders gives more than the usual strength. Mr. Grissell 
and Mr. Charles May consider § to be sufficient; Mr. Rastrick, 
Mr. P. W. Barlow, Mr. R. Stephenson, and Mr. Joseph Cubitt 
adopt 4; Mr. Hawkshaw prefers +, except in cases where great 
care is exercised in the selection of materials and workmanship, 
when a smaller proportion would suffice; and Mr. Glynn con- 
siders that, in structures exposed to coneussion and vibration, 
pe ame strength of a girder should be ten times the greatest 
oad, 

_ Defects in material and workmanship are as likely to occur in 
girders as in pillars, and, with the exception of defective align- 
ment, the defects in girders must be at least as injurious, and 
require as large an allowance of surplus strength to provide for 
them, as is required to afford the same degree of security in 
pillars. In determining the proper allowance to be made for 
security, regard should be had to the consequences of failure. In 
most of the large modern buildings erected for commercial and 
industrial purposes, cast-iron pillars are extensively used for 
supporting the floors, and in many cases the walls of the upper 
stories are supported in the same manner. The failure of the 
pillars, in such cases, involves such disastrous consequences, 
that no economical considerations would warrant the use of 
pillars of insufficient or doubtful strength. 

It is possible that a single pillar, although ample to support 
the superincumbent weight, may be broken by a lateral blow; 
in such an event, the neighbouring pillars will usually have a 
large additional weight thrown upon them, and if they have 
not considerable surplus strength, the whole structure may be 
involved in ruin. 

These considerations apply to girders as well as pillars, and 
no doubt they were taken into account by the experienced men 
whose opinions have been quoted. 

It is very obvious that 4 large allowance of surplus strength 
must be provided to insure the complete security of a building 
depending for support on cast-iron pillars; the various conside- 
rations which have been offered do not, however, afford any 
definite data for determining the amount of this allowance. The 
only safe course is to rely upon the practice and opinions of ex- 
perienced engineers and constructors. Taking all things into 
account, it appears to me that, in pillars made with ordinary care 
to support walls and floors, to insure complete security without 
using more material than is necessary, the greatest load should 
be about one-fifth of the computed breaking weight. 


BESSEMER SOFT IRON, 
To rHe Eprror or ENGINEERING. 

Sir,—In your last week's impression I perceive an article upon 
this subject, and, with a view to throw some light upon the dis- 
cussion, I offer the following remarks. In the article in question 
it is stated that it is not the triple compound of manganese, iron, 
and carbon, but the binary compound of metallic manganese and 
iron which is all that is useful in spiegeleisen as applied to the 
Bessemer process, and it is inferred that J, having claimed the 
—— compound, a portion of which, namely, the carbon, is alleged 
to be hurtful, my claim was therefore a trick, and unworthy of 
respect. Grant, for the sake of argument, that the carbon is in. 
jurious to Bessemer metal, and that it is only employed in spiegel- 
eisen, because it is there, and cannot be got out, then, by parity of 
reasoning, if my claim is a trick, so alsv was the hot-hlast inven- 
tion, because heated air, as a rule, deteriorates the quality of the 
pig iron smelted with hot blast, and the pneumatic claim itself 
must similarly be considered a trick, because the pneumatic 
blast deteriorates the iron, and makes it redshort, and, following 
up this reasoning, every invention which largely cheapens the 
production of any particular article of manufacture, but with 
some slight deterioration of its quality, must be a trick also. 
But, so far from the carbon being hurtful or unne cessary, we 
have seen for years the reiterated statement that the spiegel- 
eisen is added to restore carbon to Bessemer metal, and, if so, 
we must conclude that the carbon is useful, and, indeed, with- 
out its addition, the Bessemer metal would not be steel. It is to 
be regretted that writers on the subject of steel do not usually 
distinguish between oxide of manganese and its metal. These 
substances are as essentially different as oxide of iron and metallic 
iron, and much confusion and misapprehension has arisen from 
using the word “ manganese” indiscriminately for the metal and 
for its oxide. Thus Mr. Bessemer named in one of his patents 
that oxide of manganese might be advantageously used in his pro- 
cess, though he never alluded to the use of the metal itself. Now the 


* Report of the Commissioners appointed to inquire into the 
Application of Iron to Railway Structures. London, 1849. 





oxide of manganese is useless, and the metal itself all-important 
in the pneumatic process. The addition of ig iron to Bessemer 
metal does not answer, as the ingots cast from such « mixture 
cannot be forged into sound marketable bars. The addition 
must iavolve metallic manganese, otherwise the process does not 
succeed. It is = an error to suppose the softest and toughest 
Bessemer metal cannot be produced when spiegelelsen is added 
to it. § inpiion, as manufactured ten or twelve years ago, 
was smelted wholly with charcoal fuel, from the purest spathose 
iron ores. It contained abont 8 per cent. of metallic manganese 
and 5} per cent. of carbon, the residue being iron with a little 
silicon. One per cent, of this pure spiegeleisen sufficed to cure 
the redshortness of Bessemer metal, without steelifying it in the 
least, and the metal thus produced was far tougher than any 
other known form of iron or steel. In 1856 Mr. 8S, H. Black- 
well examined specimens of Bessemer metal, manufactured both 
without the addition and with the addition of pure spiegel, and 
pronounced the latter to be tougher than any other known iron 

roduced. Indeed, his surprise and astonishment were un- 

ounded at the marvellous tenacity of the iron in question. This 
iron was exactly such as would suit for armour plates, and any 
who can procure pure charcoal spiegeleisen can make soft iron as 
readily as other Bessemer metal. It is not, however, easy, per- 
haps not practicable, to obtain, at the present time, any pure 
spiegeleisen. The great demand for this essential adjunct to the 
Bessemer process has induced competition, and the spiegeleisen 
now made bears no comparison with the former produce of the 
Rhenish furnaces. Coke fuel, in part or wholly, and inferior 
manganesic ores are used, and a coarse spiegel is made which 
indeed, answers the manufacturer’s purpuse, but from which he 
does not derive the advantages he would reap from the use of 
pure spiegeleisen, With the impure spiegel now in the market 
the manufacture of armour plates from Bessemer metal is out 
of the question, 

Artificial spiegel, rejoicing in the pompous title of ferro. 
manganese, can be prone’ of great purity and containing little 
carbon, but it is still merely the triple compound I claimed, and 
it is well known that the toughness of iron depends upon its con- 
taining some carbon, and therefore a portion of carbon is as in- 
a as the metallic manganese. 

must beg leave to differ from the opinion that lumps of 
charcoal and lumps of oxide of manganese yield metallic man- 
ganese readily when fused. This idea is erroneous, as any one 
may convince themselves by trying the experiment, 

Oxide of manganese melted with oxide of iron and charcoal, 
or with granulated cast iron, readily produces an alloy contain- 
ing 26 per cent. of metallic manganese. This alloy I made use 
of many years before the first spiegeleisen was imported into 
England, and it was made and described in the Philosophical 
Magazine by my father more than fifty years ago. These 
artificial spiegels are all more costly than true spiegeleisen, and 
not one of them will produce when added to Bessemer metal a 
tougher or more tenacious soft iron than when pure spiegeleisen 
is used in a similar manner. Grant that artificial spiegels are 
better than the genuine spiegeleisen, it seems strange that all 
Mr. Bessemer’s licensees persist in using the latter in preference 
to the former. 

They seem to have adopted the trick of using an article which 
slightly deteriorates their product, but which nevertheless 
renders it suitable for the market and for all practical purposes. 
It appears as though I actually possess a kind of monopoly of 
the knowledge of manganese and spiegeleisen as applied to 
steel making, otherwise I should not at this late date have to 
point out, that whilst pure charcoal spiegeleisen is essential to the 
successful manufacture of soft tenacious Bessemer iron, the 
coarse, crude, impure, and spurious article now sold in the market 
as spiegeleisen can never enable the manufacturer of Bessemer 
metal to produce a soft tenacious iron, and it seems rather hard 
that my invention should be found fault with, because pure 
spiegeleisen is no longer made or sold. The first spiegeleisen 
brought to England was a lot of ten tons at 144, per ton, which 
I imported, and which the custom-house officers passed as zine 
or antimony, not knowing what it really was. At that time 
not an ironmaster in England could say what this triple com- 
pound was, so I imagine { must then have had a monopoly of 
the knowledge of this article for England at least. 

To assert that Mr. Bessemer had foreseen and provided for 
each element of the triple compound, because in one of his minor 
patents he has casually mentioned the addition of common pig 
iron, and in another patent has as casually intimated that oxide 
of manganese may be useful in his process, is a line of argument 
perfectly hollow. and untenable, for neither common pig iron nor 
oxide of manganese have any beneficial effect on Bessemer 
metal, but the reverse, neither are common pig iron and oxide of 
manganese spiegeleisen and metallic manganese. In one por- 
tion of the article under review, it is stated that the affinity for 
oxygen of metallic manganese will. cause it to seek out in a 
moment the oxygen left in the interstices of the metal. Further 
on it is said that the quick oxidisation of metallic manganese 
prevents it from acting unless alloyed with iron. How are these 
conflicting statements to be reconciled, and how do we know that 
the oxygen occupies the interstices of the metal? Are there any 
interstices in molten iron, and how has their existence been 
proved ? toBERT MUSHET. 

Cheltenham, 29th September, 1866. 


Tue Rocers Locomotive Works, U.S.—These old and 
successful works have completed about 1500 locomotive engines 
since they were started in 1837. The present rate of produc- 
tion is 120 engines per ‘annum. The engineer of the works, 
Mr. William S. Hudson, a Northumberland man, and once en- 
gaged in Stephenson’s factory, at Newcastle, is now in London 
for a few days, after an absence of thirty years from his native 
country. - 

Tue Bower Exproston at Norwicu.—The coroners 
verdict upon the inquest held upon the bodies of the six men 
killed by this explosion states that the boiler was baety made. 
The iron plates were found to be brittle, while a serious leak had 
opened, before the explosion, behind the brickwork. The boiler 
was of the Cornish pattern, and had been proved to 100 1b. It 
was made by Mr. Cafferata, of Newark, and had been only nine 
months at work. 
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STEAM FLOUR-MILL OF THE COMPANY “PANONIA ;” PESTH. 


M. NEMELCA, VIENNA, ENGINEER AND MILLWRIGHT. 
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THE engravings on the present page and page 268 represent the 
general arrangement and some of the details of a steam flour-mill 
erected at Pesth, in the year 1863, for the company ‘‘ Panonia,” 
y M. Nemelca, a millwright of great reputation in Vienna. 

he Company Panonia is one formed for bringing the grain pro- 
duce of the fertile countries on the banks of the lower Danube 
into European markets. The company possesses a line of 
Steamers principally occupied in transporting grain from the 
lower Danube to Pesth, where part of the grain is delivered to the 
company’s mill, and the rest sold in its unchanged form. The 
Panonia mill, which we illustrate, is a building 160 ft. in length, 
50 ft. in width, and six stories high. It contains 24 pairs of 
— each 4 ft. diameter, 8 improved decorticating machines, 
oe Separators with corresponding sieves and blowers. The 
: ole machinery is driven by a pair of horizontal engines of 80 

orse power each, and capable of working up 1000 cwt. of grain 
per day of twenty-four hours, 
P a of grinding flour in Austria is materially different 
fod ys use in other countries, on account of the demand 
. our of extreme whiteness, which has become fashionable in 
ott eg. and which has given the Vienna bakers and their 
= “. es an universal renown. This white flour is obtained with- 
fre “| addition of mineral or other colouring matter, as is 
prom y done with inferior kinds of flour, but it is produced 
ely by @ peculiar method of grinding which more thoroughly 





separates the outer and harder portions of the grain, which have 
a darker colour, from the softer central part containing the pure 
white material. It may be remarked, with regard to this dis- 
tinction, that the outer portions of the grain, which spoil thea 
pearance of the flour, are richer in nutritive substances than the 
white portion in the centre, and that the preference for flour of 
extreme whiteness is a matter of luxury and fancy only; still, 
as that fancy exists, and is paid for by the German public, the 
mill-owners can do no better than attend to it. 

This white flour is obtained by repeated working between 
stones set at considerable distance apart, so as to produce grit 
of different sizes, and by reducing the size of that grit (after 
careful separation from the darker portions in the machines de- 
signed for that purpose) by repeated operations of a similar kind. 
Ultimately the grit of the finest number, thoroughly freed from 
all darker substance, is brought between stones running very 
close to each other, which convert the small grit into flour of 
the finest sort. Only 33 per cent. of the total weight of grain can, 
with the very best machinery and manipulation, be obtained in 
that form, the rest producing flour of an inferior kind, é.e., of a 
darker colour. There are no less than five different qualities 
of flour intervening between the first quality and the last. 

The stones run at comparatively low speeds, making 
110 to 115 revolutions per minute. This limit cannot be 
exceeded, as the heating of the four must be carefully avoided 


LLPLTPELLIL LYS POY TELYELY TTD, 


3 
1 FEET. 


and all the means for cooling adopted elsewhere, viz., wetting 
the grain, and blowing air .between the stones, have been found 
to deteriorate the quality of the first-class flour. The grain is 
worked perfectly dry ; it is first brought into the cleaning appa- 
ratus shown in elevation and section on the present page, and 

sses'a sieve and a blower, the first of which separates it 
according to the size of the grain, while the other acts upon the 
— of different specific gravity in such a manner as to 
odge them in different receptacles. The cleansed material is 
carried by grain-elevators to the stones producing No.1. The 
details of one pair of stores are also given above. These 
stones are set nearly 2 in. apart. The result of each grinding 
process is the production of grit of all numbers and of some 
flour, but it. is the particular aim of the miller to produce as 
little flour as possible in the first operation. The grit, being 
separated by a sieve and blower, again es the stones until 
all is converted into very fine-grained material, called No. 4, 
which passes the closely set stones and is converted into flour. 
The smallest number of grinding operations for producing flour 
by this process is three, while some flour is made which has 
— the stones twelve times before being finished. The 

anonia mill is one of the finest flour-mills on the Continent ; 
it has been erected with every attention to architectural appear- 





ance and excellence of machinery. It is now working to the 
perfect satisfaction of the owners, and with complete success. 
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Tue crown of a locomotive firebox is but too fre- 
quently the weakest part of the boiler to which it 
belongs, the roof-stays adopted being in many cases far 
too lightly proportioned. The greatest diversity exists 
in the manner in which the staying of firebox crowns 
is carried out, and we propose in the present article to 
describe some of the principal plans in general use, 
giving at the same time some notes upon their ad- 
vantages and defects. 

One form of roof-stay which has been employed in a 
good many oases is that shown by A, Fig. 1. It con- 
sists of a | ron, having pieces welded on to the lower 
flange at each end, so as to enable it to be fitted to the 
top of the tube and back plates of the firebox, and 
secured to the crown by rivets passing through fer- 
rules interposed between the erown and the under side 
of the stay, these ferrules acting as distance pieces, and 
maintaining a proper water space. This kind of stay 
has been extensively used by Mr. Daniel Gooch and 





A. 
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Mr. J. V. Gooch, and it has the advantage of being 
very cheaply constructed, whilst the rivets by which it 
is attached to the crown but rarely give trouble through 
leaking ‘The form of the stay is, however, not such 
as to give great strength with a moderate weight of 
material, and its stiffness is moreover reduced by the 
section rendering it necessary that rolled iron should 
be employed in its construction. Another objection is 
that it occupies considerable space transversely, and, 
as the high pressures now carried. necessitate the 
placing of the stays very close together, a firebox 
crown, supported by stays of this kind, has a very large 
proportion of its surface covered, and the circulation 
of the water is consequently considerably impeded. 
Mr. Sinclair has used very extensively the roof-stay 
shown at B, Fig. 1. This is an exceedingly strong 
form of stay, but rather expensive to make and fit. 
The stay rests directly upon the crown of the firebox, 
and is secured to it by j in. bolts screwed into the stay 
from the under side, the water-space under the stay 
being obtained by cutting away the stay between the 
lugs into which the bolts are screwed. In this form of 
stay a very good connexion is obtained with the top 
plate of the firebox, and this plate is thus enabled to 
materially increase the stiffness of the stay by acting to 
some extent as the bottom flange of a composite girder. 
Another good form of roof-stay which is extensively 
used is that of which a section is given at C, Fig. 1. 
In this case the stay consists of a solid forged bar 
brought down at the ends to fit on the tops of the tube 
and back plates, and fixed in its place by bolts passing 
vertically through it, the stay being swelled laterally at 
the points where the holes fcr the bolts occur. In some 
cases the bolts for fastening the stay to the crown are 
each made with a collar, the part below the collar being 
screwed into the roof of the firebox, and secured by a 
nut on the under side and the part above the collar, 
passing up through the roof-stay and being fitted with 
a nut on the top; and the collars on the bolts thus 
form the distance pieces between the stay and the 
crown. This plan 1s attended with the grave disad- 
vantage that no bolt can be renewed without taking 
off the roof-stay. A better plan, and one more fre- 
quently adopted, is to make the stay-bolts as shown at 
C, Fig. 1, the bolts being in this case screwed into 
their places from the under side, and the distance 
pieces consisting either of nuts screwed on the bolts 
above the crown plate or, what is still better, being 
merely ferrules dropped over them. That part of each 
bolt which passes up through the roof-stay is reduced in 
diameter, so that it passes freely through the hole in the 
crown-plate, and the stay is held by nuts on the upper 
side. Yn some few cases, also, stays of the kind which 
we are now describing have been rivetted on in the same 
manner as the stay shown at A, Fig. 1; the rivets in 





this case, however, passing down through the whole 
depth of the stay, as well as through the intermediate 
ferrule or distance piece and the firebox crown-plate. 

_ Astrong stay, and one which is very easy to make, 
is that shown in section at D, Fig. 1. This stay is 
formed of two plates placed at a sufficient distance 
apart to allow the bolts to pass between them, and con- 
nected together at the ends either by rivets passing 
through them and intermediate ferrules, or by welding 
them up for a short distance, this latter being the pre- 
ferable plan. The welding together of the ends may be 
carried out either by cranking the corresponding ends 
of the two platesof each stay towards each other, andthen 
welding them up, or by welding an intermediate piece 
in between them, the latter plan having the advantage 
of giving a greater bearing surface to the ends of the 
stay. The two plates forming this kind of stay are 
also by some makers connected at several intermediate 
points in their length as well as at the ends, the con- 
nexion being effected by rivets passing through the 
plates and intermediate distance pieces. If rivets are 
thus employed, they should be arranged on the neutral 
axis of the beam, so as to weaken it as little as possi- 
ble; but in short stays the intermediate connexions 
between the two plates are quite unnecessary, and in 
large stays it is better to tie the two plates together 
by clip-washers above and below, as shown by D, 
Fig. 1. By this means all weakening of the beam by 
rivet holes is avoided. 

Whatever form of roof-stay be adopted, care should 
be taken that, in addition to having sufficient strength 
to support the load placed upon it, it should have 
plenty of bearing surface at the ends upon the flanges 
of the tube and back plates; and, in order to secure 
this quantity of surface, it is frequently advisable to 
thicken or widen out the ends of the roof-stays. In 
the case of the long fireboxes now so generally used for 
coul-burning engines, the crown-stays are frequently 
placed transversely, so as to diminish their length as 
well as the load upon each stay ; in some of these fire- 
boxes, however, the stays are placed longitudinally, 
and it is in such eases that inereased bearing surface 
at the ends is especially necessary. In all cases the 
ends of the roof-stays should be very carefully fitted 
to the round of the plates upon which they bed, so that 
a fair bearing is obtained. 

It is in but few instances that the crown of a firebox 
is supported by roof-stays alone; almost always the 
roof-stays are assisted by sling-stays, which connect the 
roof-stays to the crown of the firebox casing. The 
construction and arrangement of the sling-stays varies 
as much as that of the roof-stays, and depends to some 
extent upon the latter. In some few cases the roof- 
stays have been made with lugs haying T-shaped ends 
on their upper sides, these ends being rivetted to the 
crown plate of the firebox casing. This makes an ex- 
ceedingly strong job; but it is very expensive, and 
consequently has been but rarely adopted. It also is 
open to the objection that, as the roof and sling stays 
are one piece, the latter cannot be removed for the 
purpose of giving access to the inside of the boiler, 
without a great deal of trouble. In some engines 
made by Mr. Dubs, of Glasgow, the roof-stays were 
connected to the crown-plate of the casing by a 
couple of transverse plates extending completely across 
the top of the firebox, near the middle of its length, 
and bolted to the roof-stays and to the crown-plate. 
These plates, which were verforated to allow the 
steam-pipe to pass through them, as well as to permit 
of the circulation of the steam, gave a very good sup- 
port to the roof-stays; but, like the plan last men- 
tioned, they interfere with the accessibility of the 
interior of the boiler. 

Another plan, in which the roof and sling stays are 
combined, is that shown in Fig. 2, and which has been 
adopted by Mr. Eaton in some engines designed by 
him for the Great Western Railway of Canada. Ac- 
cording to this system, a series of plate-iron gusset- 
stays are secured to the back and crown plates of the 
firebox casing by double angle-irons, these stays being 
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made parallel to the crown of the firebox on their 
undersides. Along the lower edges of the plates, 
which stand about 2 in. above the crown of the firebox, 
are placed double angle-irons, and to these the crown 
is connected by screwed stay bolts of the same kind 





as used for the sides of the firebox. This combination 
of roof and sling stays has, like those previously 
described, the disadvantage of rendering the top of the 
firebox inaccessible, but it othérwise forms a very good 
and strong arrangement. 

The most convenient arrangement of sling-stays for 
general purposes is that in which the roof-stays are 
connected by links to double:angle-irons or T irons 
rivetted to the crown-plate of the firebox casing. 
These angle-irons should extend as far across the 
crown-plate as possible, so as to prevent local strain, 
and their webs should be sufficiently thick to give a 

ood bearing for the pins connecting the links to them, 
The links should also be made.thick, for the same 
reason, and they should be coupled to the roof-stays 
by pins passing either through lugs forged on the backs 
of the stays or through the stays themselves near 
their neutral axis. The arrangement of the links 
should also be such that the strain comes fairly upon 
them without any twisting or cross bending action, 
and care should be taken that the eyes of the links and 
the pins are fully equal in strength to the other parts. 
The considerations by which the proportions of these 
pins and eyes should be regulated were pointed out in 
an article on the subject which we gave on page 6 of 
the present volume of this journal. 

It is certain that a far safer boiler can be made by 
staying the roof of the firebox by comparatively light 
roof-stays, and thoroughly supporting these by 
numerous well arranged and distributed sling-stays, 
than by employing heavy roof-stays as the chief source 
of strength, and applying a few sling-stays merely as 
an auxiliary. In the former case, not only the crown 
of the firebox but that of the casing also is 
strengthened, whilst in the latter nearly the whole of 
the pressure tending to crush in the top of the firebox 
has to be sustained by the plates upon which the roof. 
stays bed. With the high pressures now carried in 
locomotive boilers, this crushing force amounts to 
something very considerable, and it is desirable that 
the side and end plates of the firebox should be relieved 
from it as far as possible. In some American engines 
no roof-stays are used, the crown of the firebox and 
top of the firebox casing being stayed together by 
screwed stay-bolts of the same kind as are used for the 
sides of the box. The same plan has also been pro- 
posed in this country, but, like some other modes of 
staying already described, it has the disadvantage of 
blocking up the hind part of the boiler ; and as many of 
the stay-bolts have to enter the plates of the outside 
shell obliquely, it is sometimes difficult to obtain a good 
thread in the holes. In other respects the plan gives the 
means of supporting the firebox crown very efficiently. 

The height of the water space which it is necessary 
to allow between the crown of the firebox and the 
underside of the roof-stays varies according to the 
quality of the water with which the boiler is supplied. 
With good water we have known } in. spaces to be 
amply sufficient, but with bad water it is necessary to 
make them at least 1} in. high, and in some cases 
even considerably more. 

An arrangement of firebox-roof stays which has been 
introduced on the Frankfort and Wiesbaden Railway 
by Mr. Caspar Fritz is one which allows of a consider- 
able amount of clear waterway being given. The 
stays used by Mr. Fritz are placed transversely, and are 
each composed of a pair of plates 5 in. deep by # in. 
thick, placed at a sufficient distance apart to allow the 
bolts by which they are connected to the roof of the 
firebox to pass down between. Instead of the ends of 
these plates being allowed to rest on the tops of the 
sides of the firebox, the stays are slung from the crown- 
plate of the firebox casing by means of anchor pieces, 
the upper ends of these slings being made T-shaped 
and rivetted to the crown-plate of the casing, and the 
lower ends passing down between the plates of the 
roof-stays, and being furnished with shoulders upon 
which the stays rest. The distance between the crown 
of the firebox and the underside of the roof-stays is 
4in. The bolts by which the crown of the firebox is 
connected to the roof-stays are furnished with nuts at 
their upper ends, which bear upon saddle-shaped 
washers, resting on and clipping the tops of the plates 
forming each roof-stay. The plates forming the stays 
are further kept from buckling or spreading by means 
of four tie-bolts. The stays are arranged at a distance 
of 4in. apart ; but the T-shaped feet of the slings are 
spread so that their edges touch each other, and they 
thus divide the strain ‘brought upon the outer she 
evenly over the whole length of the firebox. Mr. 
Fritz also places a row of mud-plugs along each side 
of the firebox casing, slightly above the level of the 
crown of the firebox—a plan which has been for some 
time adopted on many English lines, and which enables 
the roof of the firebox to be readily kept clear of deposit. 
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YOUNG ENGINEERS. 

None can doubt that it is every way better to be- 
come an engineer through natural fitness, education, 
love of the profession, strong will, and a capacity for 
hard work, than through the mere force of circum- 
stances. Yet none of these qualities can be so exactly 
defined that the engineering pupil can know before- 
hand whether or not he possesses them. Indeed none 
of us know what is in us until we have proved our- 
selves. Natural fitness may, however, be judged in a 
measure from natural inclination, and the young man 
who would forego an evening’s amusement in order 
that he might visit the foundations of a new bridge at 
low tide, or who would walk five miles on a hot sum- 
mer’s day in order to see how Portland cement was 
burnt, ground, and used, might be considered to possess 
not only a strong natural inclination, but a certain 
natural fitness to become an engineer. With even 
such a strong inclination, however, many other 
qualities are re uisite, and many of these are personal 
and moral. Indeed, a good constitution, good breed- 
ing, and good moral character are indispensable to 
real success, and the engineer who is to become dis- 
tinguished must possess alike a knowledge of men and 
of the world, and with this an irreproachable character. 
We are neither sermonising nor indulging in senti- 
ment, but we repeat that the man who is to control the 
expenditure of millions, whose favour would, if it 
could, be besought with gold, and who has the future 
professional reputations of a large staff of assistants 
in his hands, must at least be esteemed an honourable 
man, while in fact he should be the soul of honour it- 
self. 

Natural fitness implies at least a capacity for acquir- 
ing knowledge, if not an intuitive insight into natural 
principles. The young engineer should have what 
some call a mechanical head, but which is better ex- 
pressed by the philosophical faculty, a faculty of ob- 
serving, comprehending, reflecting, and applying the 
principles of natural philosophy, which are the founda- 
tions of all engineering science. The simple yet 
beautiful laws of force and motion should underlie all 
the other technical knowledge of the engineer, like 
broad and massive foundation courses under a lofty 
superstructure. In education as in constructive art, 
we must build from the bottom upwards, and not from 
the top or the middle courses downwards. The young 
engineer who will thoroughly master, so that he may 
at any moment readily apply, the laws of falling bodies 
accelerated motion and statics, will have a foundation 
which will support and turn to account a vast variety 
of other special knowledge. The laws of falling bodies, 
with a re conception of the mechanical terms, 
“work,” “energy,” and “vis viva,” apply to hundreds of 
questions of the motion and retardation of railway 
trains, fluids, projectiles, steam hammers, pile-driving 
engines, &c., while the laws of statics and stability of 
structures govern the whole practice of fixed construc- 
tion. The young man who, after a week’s or a month’s 
study, cannot not only remember but clearly see the 
bearmg and application of these laws may, after all, 
become an engineer, but he will be at a great disad- 
vantage as compared with another whose knowledge of 
this kind is, as is sometimes the case, almost instinctive. 
The capacity for learning is not, however, a known and 
fixed capacity for any of us. It is capable of immense 
development by study and comparison, especially when 
assisted by opportunities and the encouragement of 
those who know more than ourselves. It needs a kind 
friend with the heart and the head to guide the young 

eginner, and it needs also sufficient earnestness and 
confidence on the other side to ask questions when the 
questioner does not see his way. The worst weed 
which can be rooted out of the mind is self-sufficiency, 
and the young man who is above confessing his own 
ignorance and inquiring of others so that he may be 
set right, is himself the greatest obstacle to his own 
progress. We know how some of the first masters in 
engineering science delight in giving explanations to 
oung men who will only ask them. To freely impart 
nowledge is one of the greatest pleasures of its posses- 
sion, and the young engineer need neither lose confi- 
dence in himself, nor feel any increased respect for 
others who, while in a position to know better than 
imself, evade or repel his inquiries after knowledge. 

et him on no account rest satisfied after he has once 
approached a question, until he has mastered it. If 
e€ does not see his way by study, and some one, 
who ought to know, will not help him, another, who 
does know, as certainly will. Did we possess engineering 
schools and colleges, such as really possessed the con- 
fidence of the profession and the public, we should 

ve the means of giving the young or intending 
engineer a really sound engineering education. But 





engineers themselves are by no means agreed as to 
what this education should be. The point is best met, 
then, by saying what it should zof be. It should not 
be all theory nor all practice, but a close union be- 
tween the two, so that whoever possessed such an 
education could always see how the theory bore upon 
the practice, and how and where the practice limited 
the —— of the theory. A good general educa- 
tion, the direction of which should be rather practical 
and mathematical than polished and classical, is the 
proper preliminary education for an engineer ; and be- 
yond this, as we have said, should lie the study of 
natural philosophy, with the aid of which all the prin- 
ciples of construction and mechanism will become 
clear, and may be readily mastered. The practical 
education includes all the routine of an engineer’s 
office, and practice on works, or an apprenticeship in 
a factory. In either case accuracy is everything, and 
it goes far beyond finish, no matter in what depart- 
ment of labour. There are hundreds of draughtsmen 
who will make a handsome, but an inaccurate, drawing; 
there are hundreds of pupils or office assistants who 
will run out a bill of quantities quickly, but inaccu- 
rately ; whose eye, or memory, or arithmetic is always 
treacherous. However high the young engineer may 
have temporarily risen, he must, if inaccurate, come 
down again. And as he has no regular instructor, 
no drill-master or inspector in the sense of tuition, he 
must discipline himself, and make it a rule never to 
leave any work as finished until he has checked it, 
tested it in every way, and knows it to be correct. 
It is an apparently unpleasant feeling which prompts 
one to distrust everything he has done, but, rightly 
directed, this feeling leads to careful verification, and 
so far from lessening real and genuine confidence in 
one’s self, it soon greatly increases it. For, however 
humble or however exalted may be the professional 
task, it is the height of merit not to make mistakes. 
For a long time an engineer may be content to copy— 
sometimes closely, although, except where it is pur- 
posely intended to reproduce an original, he should 
never do so slavishly. However long he may be copy- 
ing, or, in more professional phrase, “adopting the 
general practice of the profession,’ the time must 
come when, if he is to make his mark, he must 
originate, and not only originate, but successfully. 
And nothing but strict self-discipline, unless it be an 
occasional gift of “genius,” out of and beyond the 
common order of mental gifts, can insure success in 
origination. 

The young engineer should accustom himself to 
arrange his knowledge and his ideas. He should main- 
tain as large a professional acquaintance as his oppor- 
tunities may permit, and endeavour to gain something 





from all. He should learn to converse, and converse 
well, upon engineering subjects, taking care never to 
speak in advance of his knowledge or his memory, 
except in inquiring. Discussion is of immense use, 
and it soon leads one to separate clearly matters of | 
fact from matters of opinion, and to modestly but | 
firmly maintain the former, while respecting, or 
tolerating, or humouring, as the case may be, the 
latter. It is doubtful which is the more useful faculty— 
that of arranging ideas in conversation or in writing. 
Both are of immense value, but as good speakers are 
only seldom good writers, the faculty of mental ar- 
rangement | logical order should be cultivated and 
developed in whichever direction it is found weakest. 
This is more general in respect of writing, and really | 
good writing is far more rare than good conversation. | 
The proper arrangement of facts, arguments, and 
conclusions, in the form of professional reports, is a 
great art, and it should be cultivated both by reading 
and composition, always assisted, of course, by thought, 
giving the mind the time to digest what the eye so 
rapidly scans or the tongue repeats. ; 

Young engineers should travel, ges bo with a pur- 
pose — not merely for amusement. Travel not only 
compels the young man to make himself acceptable to 
strangers, and inspires confidence, but it gives him 
new points in endless number and variety for obser- 
vation and comparison, and greatly promotes original 
thought and increases the power of judging, and, 
after what we call knowledge, it is the judging 
power—the judgment—of the engineer which is most 
valuable to him in the practice of his profession 
When he feels that the proper time has arrived, or 
when he has the best opportunity, the young engineer, 
if he be a thorough master of himself and have a 
purpose always in view, need not hesitate not merely to 
travel by himself throughout the kingdom, but on_ the 
Continent: and it would be an admirable field of 
travel—even without any occasion in the way of an 





engagement, or a “job” to use the slang term of the 


engineer’s office—if he would visit, by himself or in| 


proper company, India and America. It is neither 
time nor money wasted, so long as the young man, 
really desirous of improvement, goes for observation 
and comparison, and not to gratify idle curiosity, a 
love of change, or for frivolous amusement. 








THE VENTILATION AND CONSTRUC- 
TION OF SEWERS. 
To tue Epitor oF ENGINEERING. 


Srr,—No doubt sewers should be trapped and also 
ventilated by the erection of proper fe ol as sug- 
gested in your pages; and the ascent of the air in 
these shafts should be promoted during the continu- 
ance of calms by fires and at other times by the 
action of the wind. But is not our whole system of 
sewarage vicious in principle? and have we not drifted 
into it accidentally, instead of having deliberately 
planned it as a system sound in itself and adequate to 
our necessities ? Originally our sewers were merely 
drains for taking away the rainfall from our streets; 
and as the water thus transmitted was not polluted by 
any offensive admixture, there was no evil created by 
conducting it into the rivers, since it was merely rain 
water in a more or less turbid state. The changes in- 
troduced into our domestic arrangements, however, at 
the beginning of this century, and which involved the 
necessity of constructing suitable pipes for the ejection 
of all the refuse of our houses, ought, if those arrange- 
ments had been systematically designed, to have pro- 
vided proper continuations of these pipes to a suitable 
place of debouchement; instead of which each pro- 
prietor of a house conducted these pipes to the nearest 
sewer, which thus became a long cesspool instead of a 
mere drain for conducting superfluous water from the 
surface. The sewers were thus made to perform two 
distinct functions, whereas originally they were de- 
signed only to perform one ; at the evils which have 
arisen from this perversion have at length become so 
intolerable that gigantic works have been constructed 
to intercept the sewage before it reaches the rivers, so 
that the pollution of the rivers may at least be pre- 
vented. This measure, however, although it obviates 
the most tages objection to the system, cannot be 
accounted the right remedy, as it leaves other objec- 
tions untouched. Our sewers must necessarily be 
made large enough to transmit the greatest amount of 
rainfall likely to occur ; and the dimensions necessary 
for this purpose are much greater than would sutflice 
for the transmission of the ejections from our houses, 
the volume of which will be pretty nearly constant at 
all times. We have thus an enormous length of 
virtual cesspools to deal with, the effluvium from which 
poisons the atmosphere of our streets and houses ; 
and the sewage, instead of being delivered at any given 
terminus with any given amount of dilution, necessaril 
varies in volume and concentration with the rainfall. 
The right method, no doubt, is to have two systems of 
drains or sewers, of which the larger shall be restricted 
to its original function of taking the superfluous water 
from the streets, and the smaller, which may consist of pipes 
of iron or fireclay, shall be appropriated to the purpose of 
carrying away the ejections from houses, which are at 
present poured into the street drains. This duplicate 
system, which was advocated more than twenty years 
ago by Mr. Simpson, of Edinburgh, affords the only 
natural and adequate solution of the sewer difficulty, 
and in all new districts, where a suitable outfall exists, 
it ought to be adopted without more ado. In districts 
where the existing vicious system has been generally 
introduced, and where it would he difficult to change 
it, a stream of water varying with the rainfall should 
be sent through the sewers, and should be so adjusted 
that the sewage would always be delivered at its 
terminus in the same state of dilution, whether there 
was rain or not. The water for effecting the dilution 
might be water taken from any river or stream, and the 
act of dilution would deodorise the sewage, while it 
would not involve the necessity of larger channels than 
are now required. 

Tam, &c, 

Oct. 6th, 1866. 


Tue INTERCOLONIAL RarLway.—At the late meeting of 
the shareholders of the Grand Trunk a of Canada, the 
chairman said he had no doubt that a bill authorising the con- ° 
federation of the British provinces in North America would be 
passed early next session. This would have the effect of in- 
creasing trade in Canada, promoting emigration, and improving 
the credit of Canada. The Intercolonial Railway would be 
constructed, and an entirely new trade would spring up between 
the existing provinces when the confederation was completed. 
Mr. Brydges, their manager, had visited New Brunswick, Nova 
Scotia, Newfoundland, and other places, and found that there 
was a very large field for a new trade between those places and 
Canada. The United States had at present a considerable trade 
to those places, 


JoHN Bourne. 
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STEAM FLOUR-MILL OF THE COMPANY “PANONIA;” PESTH. 
M. NEMELCA, VIENNA, ENGINEER AND MILLWRIGHT. 
(For Description, see Page 265.) 
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We have several times alluded in this journal to the Mac- 
kenzie cupola, which is in extensive use in America, and we now 
give an illustration of one of these cupolas as erected at the 
well-known Rogers Locomotive Works at Paterson. The Mac- 
kenzie cupola is elliptical in plan, and the blast, instead of being 
supplied through ordinary tuyeres, is admitted through an 
annular tuyere or opening which extends completely round the 
bottom part. The general shape of the cupola is shown by Figs. 
1 and 3, whilst the remaining figures represent the principal 
details; Fig. 2 is an elevation of the lower part of the cupo 
showing the manner in which it is supported; Fig. 4 is a plan 
and section of the tuyere shoes, and Fig. 5a plan and section 
of the tuyere plates; Fig. 6 shows the charging-door frame; 
Fig. 7, the spout; Fig. 8 is a plan and Fig. 9 a section of one 
of the drop doors; whilst Fig. 10 is a plan and Fig. 11 a 
section of the bottom plate; and Fig. 12 a section cf one of the 
columns. 

The longer diameter outside is 5 ft. 4 in., and the shorter dia- 
meter 4ft.4in. The height of the supporting columns is 3 ft., 
and the height of the cupola from the drop bottom to the bottom 
of the charging door is 9ft. From the bottom of the charging 
door to the point where the cupola begins to diminish in size 
the height is 8 ft., whilst the height of the tapered portion is 
4ft.. and of the chimney 9ft. From the lower part of the 
Vertical section, Fig. 1, it will be seen that the blast is led into 
achamber surrounding the boshes of the cupola, and from this 
chamber it escapes through the annular tuyere. As we have 
already Stated, the cupola is fitted with a drop bottom, a plan 
almost universally adopted in America, and one which might 
with advantage be introduced here. 

The cupola at the Rogers works is charged with 1400 Ib. of 
coal, then 4000 Ib. of iron, then 400 Ib. of coal, then 4000 Ib. of 
iron again, and the alternate charges of 400 lb. of coal and 
4000 Ib. of iron are repeated for the necessary height. The blast 
1s supplied, when the furnace is at work, at the extremely high 
Pressure of 24 1b. per square inch, but when the furnace is first 
started the slight resistance met with by the blast does not 
permit a pressure of more than 3 ]b. tobe obtained. The blast 
. applied about 40 minutes after the fire is lighted, and the iron 

gins to run in about 20 minutes from the time the blast is 
turned on. When the furnace is fairly at work the melting 
preseeds at the rate of about 4 tons per hour. We are indebted 

or the above particulars to Mr. W. E Hudson, the manager of 
the Rogers Locomotive Works, who is now in England. One ot 
the Mackenzie cupolas at Messrs. Morris, Tasker and Co’s, tube 
vo at Philadelphia measures 7 ft. by 4 ft., and is blown with a 
pillar of blast of about 24 in. of water. The regular day’s work 
18 23 tons of metal run down in 2} hours; the iron beginning to 
on, and 
F e rat It is charged about 
eep with iron and anthracite coal, and about one ton of 
tter is burnt for every nine tons of iron melted, 


melt in 15 minutes from the time the blast is turne 


een 
ae at the rate of 10tons per hour. 
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ReFrorM.—It would hardly be believed by the members of the 
Institution offCivil Engineers, had they not by this time received 
it, that the volume containing the minutes of proceedings for the 
last session is actually printed and completed. This is a great 
advance upon the former dilatory course of publication. This 
volume is of unusual size, and is illustrated by many plates of 
great value. 

A Cure ror BorLer Scate.—We have heard much of an in- 
vention now in use in the States for preventing the incrustation of 
boilers. Several American engineers—among them gentlemen of 
the highest standing—assure us that it throws down, not onl 
carbonate of lime, but, what is much more obstinate generally, sul- 
phate of lime as well. A magnetised steel rod, having a number 
of sharp projecting points, like those upon the end of a lightning 
rod, is placed, by means of insulated supports, in the steam space 
of the boiler. This is all. It is singular that such an apparatus 
should generate any electrical currents sufficient to prevent the 
formation of scale, but we have been repeatedly assured that 
there is no doubt of the fact. 
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PALMER’s SHIPBUILDING AND IRonN Company.—This come 
pany has cleared about 30 per cent. upon its capital during the 
first year of its working. A dividend of 12} per cent. has been 
declared, and 30,000/. placed in the reserve fund, and nearly 
6000/. carried forward. 

Tue Great Western Ratiway or CANADA.—The main 
line, 230 miles, has been wholly fish-jointed, and the guuge being 
5 ft. 6 in., a third rail has been laid for 70 miles for the 4 ft. 84 in. 
gauge. 12,000 tons more of rails have been sent out to complete 
the narrow gauge over the whole line. A ferry-boat, to carry 
trains across the Detroit river, has been built at a cost of 
85,0007. 

SwansEA WATERWORKS.—The new waterworks at Swansea, 
designed and carried out by Robert Rawlinson, Esq., C.B., are 
now nearly completed. The principal reservoir, which has a total 
capacity of 300,000,000 gallons, is being filled, and has already 
received 200,000,000 gallons. This reservoir is one of the most 
extensive works of its class in England, the retaining banks 
being 80 ft. high. 














ROOTS BLOWER FOR CUPOLAS AND FORGES. 
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WE give, above, rough and somewhat imperfect sketches of a 
rotary oe constructed by Messrs. P. H. and F. M. Roots, of 
Connersville, U.S., which is now coming into extensive use in 
America for supplying blast to cupolas, &c. It consists of a cast- 
iron casing of the fem shown in the section, the inside being bored 
out. Within this casing there revolve, in opposite directions, two 
nana formed of cast iron and covered with wood, these pistons 

eing shaped so that one works past the other in the manner shown 
in the section. The shafts upon which the pistons are fixed are 
connected at one or both ends by gearing, one of the shafts 
carrying the pulley for the driving-belt. The pistons are driven 
at speeds varying from 150 to 400 revolutions per minute, ac- 
cording to the size of the blower and the quantity of blast re- 
quired; and their action draws in the air through openings 
in the bottom of the casing, and expels it through a suitable 
branch leading from the top, as shown by the arrows. 

The use of blowers instead of fans for supplying blast is be- 
coming very general in America, as it is found that they require 
less power to drive them to attain a given result, and they can 
be more cheaply kept in repair. In fitting up either a blower or 
a fan, care should be taken that all the joints of the pipes lead- 
ing from it are perfectly tight, or a waste of power is the result. 
Cast iron is the best material for underground pipes; but good 
pipes may also be made of galvanised sheetiron. No dependence 
can be placed in box or tile pipe, or in brick fines, particularly 
if the blast is used at anything like a high pressure. 








JAPAN.—The naval preparations of Japan are verv respect- 
able. The Tycoon is having constructed a large floating Tock, 
turret ships, &c., and already very complete and heavy 
machinery for bending and fitting armour plates has been sent 





to Japan. These orders have come through Dutch houses. 
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Tae Tuames Purtrication Act.—A local Act, passed in 
the late session, has just been printed, for the purification of 
the river Thames, by the diversion therefrom of the sewage of 
Oxford, Reading, Kingston, Richmond, Twickenham, Isleworth, 
and Brentford, and for the collection and utilisation of —e 
and for other purposes. The preamble declares that it woul 
be of great local and public advantage if sewage were diverted 
from the river, and that it is expedient that the several cor- 
porations and other governing bodies of the several towns upon 
and in the neighbourhood of the river should be empowered to 
enter into contracts and agreements for the disposal of the sewage 
of the towns. That the sewage, if diverted from the river and 
collected, might be utilised for the fertilisation of land by irri- 
gation or otherwise. ‘That the persons in the Act named, and 
others, are willing to undertake at their own expense the diver- 
sion from the river of the sewage of the towns mentioned on 
being incorporated and enabled to collect the sewage and utilise 
it, and for that purpose to construct conduits, reservoirs, and 
works. There are as many as 68 sections in the Act, showing 
the manner in which the same is to be carried out. There are 
provisions in the Act for the protection of waterworks. The 
compulsory purchase of land is extended to five years. The 
other sections have reference to the mode of carrying out the 
statute and the disposal of the sewage to the occupiers of the 
land for the irrigation and fertilisation of the same. aS 
vided that the conduit reservoirs and the works auth by 
the Act are to be constructed and kept so as not to be or to 
create a nuisance, or to be injurious to health. There is a pro- 
vision to the effect that nothin in the Act is to exonerate the 
parties carrying out the Act from an indictment, action, or 
other proceeding for a nuisance or for damages caused from the 
operation or want of repair of any of their works It is to be 
cited as “ The Thames Purification Act, 1866.” 


270 


ENGINEERING. 


[Ocr. 12, 1866. 











THE METROPOLITAN MAIN DRAINAGE. 
Tnere have been few engineering works carried out 
during the past few years of more importance than 
those connected with the Metropolitan Main Drainage ; 
and there are probably none which have elicited a 
greater amount of discussion as to whether or not they | 
were well adapted for their intended purpose. Now that 
the works are almost completed, and nearly the whole 
of them are in regular and successful use, it will be 
unnecessary for us to enter into a consideration of the | 
objections which have been raised to the system, and 
in the present notice it is our intention to confine our- | 
selves to a description of the principal features, and of 
the manner in which their construction was carried 
out. A paper descriptive of the system was read by 
Mr. Bazalgette before the Institution of Civil Engi- 
neers, in March, last year, and it is from this paper, | 
which has been but recently published, that we have 

obtained very many of the following particulars. 

In arranging the system of main drainage, one of 
the first things to be determined was the proper posi- 
tion for the outfalls or points of discharge into the 
river, and this was done from a consideration of the 
results given by a series of experiments on floats placed 
in the river, carried out by the late Mr. Frank Forster, | 
and afterwards repeated by Mr. Bazalgette and Captain | 
Burstal, R.N. These experiments proved that, in order 
that the sewage, if discharged near the time of high | 
water, should not find its way back again to the in- | 
habited parts of the town, it would be necessary that 
the points of discharge should be as low down the river 
as Barking Creek; and that, as stated in the report of 
the late Mr. Robert Stephenson and Sir William 
Cubitt, “ the delivery of the sewage at high water into 
* the river at any point is equivalent to its discharge 
“at low water ata point 12 miles lower down the 
river ; therefore the construction of 12 miles of sewer 
is saved by discharging the sewage at high instead 
of low water.” 

From the results of experiments conducted by Mr. 
Wicksteed, Mr. Beardmore, and others, on the power 
of currents of different velocities to remove the matter 
deposited in sewers, it was considered by Mr. Bazal- 
rette that a mean velocity of one-and-a-half miles per 
oe in a properly protected main sewer when running 
half full, call be suflicient to keep it clear, more par- 
ticularly if its contents had previously passed through 
a pumping-station ; and, this velocity being fixed, it | 
was only necessary to ascertain the amount of sewage 
to be carried off to enable the requisite fall of the | 


“ 


“ 





| Mr. Hawksley, and Mr. W. Haywood, to vary from 


52 to as much as 94} per cent., the latter discharge 
being noted by Mr. Haywood as occurring in June, 
1858, in the case of the Irongate sewer, which drains 
an area almost entirely paved and built over. On some 
days in each year there are, however, exceptionally heavy 
rainfalls, these amounting to 1 in. or even, in some cases, 


| to2in. in anhour, and, although rare, these occasions 
, : 
have to be provided for. 


Under all circumstances, 
it was considered that sufficient accommodation would 
be provided if the sewers were made‘capable of carry- 
ing off a volume equal to } in. of rainfall per day, during 
the six hours that the maximum discharge of sewage 
took place, overflow weirs being provided at the 
junctions of the intercepting sewers with the main 


| valley lines to convey off the surplus water arising from 


heavy storms. On such occasions the surplus waters 
are largely diluted, and they are allowed to flow over 
the weirs into the Thames through their original 
channels. 

Oue of the main objects sought in arranging the 
system of metropolitan main drainage was to effect the 
removal of as great a proportion of the sewage as pos- 
sible by gravitation, so as to reduce to a minimum the 
amount of pumping power, and to effect this three 
lines of sewers, named respectively the High, Middle, 
and Low Level sewers, were laid out on each side of 
the river. The high and middle level sewers are 
arranged to discharge their contents by gravitation, 
whilst the low-level sewers have theirs raised by 
yumping power. We shall first describe the three 
fines of sewers on the north side of the river, which 
three lines unite at the Abbey Mills pumping-station 
at the east of London, where the contents of the 
low-level have to be pumped into the upper-level sewer, 
so that the aggregate stream can flow through the 
northern outfall sewer to Barking Creek. 

The High-level sewer, on the north side, commences 
by a junction with the Fleet sewer at the foot of 
Hampstead-hill, and then passes along Gordon-house- 
lane, across the Highgate-road, through the Tufnell- 
park-road, Holloway-road, under the Great Northern 
Railway and the New River to High-street, Stoke 
Newington. It then passes under the Rectory and 
Amherst roads, the North London Railway, and 
Sir George Duckett’s Canal to a junction with the 
middle-level sewer, the arrangement cf the two sewers 
at the point of junction being shown in Fig. 1. 
During the course above described, a distance of about 


| seven miles, the high-level sewer is a drainage sewer, 


and acts a substitute for the Hackney-brook and 
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sewers to be determined. It was ascertained that 

London district wholly built upon averaged 30,000 
people per square mile, and that the quantity of sewage 
to be carried off did not vary greatly from the amount 
of water supplied to the population. In 1856, the 
supply of water varied in different districts from 


Fleet sewers, which have been filled in and abandoned. 
lts form is mostly circular, and it varies in size from 
tft. in diameter to 9 ft. 6 in. by 12 ft. ; it has a rapid fall, 
ranging from 1 in 71 to 1 in 376 at the upper end, 
whilst at the lower end it is from 4 ft. to 5 ft. per mile. 


| The stock brickwork of which it is constructed varies 


twenty to twenty-five gallons per head per diem ; but in | 


proportioning the sewers an improved supply of 5 cubic | 


feet per head per diem was prov ided for, and, taking into 
consideration the inequality of the rate at which the 
sewage is discharged into the sewers at different periods 
of the day, provision was made for the discharge of 
half the total daily amount of sc wage within six hours, 
a liberal margin being taken beyond the results of 
actual measurement. 

Another thing to be considered was how to dispose 
of the rainfall. From observations made for several 
years within the metropolitan district, it has been ascer- 
tained that on the average there are about 155 days per 
annum on which rain falls, and that of these there are 
ouly about twenty-five on which the fall exceeds } in. 
in the twenty-four hours. The proportion of the total 
rainfall received and delivered by the sewers depends, 
of course, upon the character of the district, and 


has been found, by observations made by Mr. Bidder, 





in thickness from 9in. to 2ft. 3in., and the invert is 
lined with Staffordshire blue bricks, to enable it to 
resist the scour. Great care was necessary in tunnel- 
ling under the New River, the channel of the latter 
being carried on an embankment where the sewer 
wm under it. Where it passes through the em- 
yankment of the Great Northern Railway the sewer is 
7 ft. G in. in diameter, and is constructed of brickwork 
14in. thick; and where it is led under the Sir George 
Duckett’s Canal, the bottom of the canal and the top of 
the sewer are formed of iron girders and plates covered 
with a thin layer of puddle, the space between the 
soffit of the arch of the sewer and the water of the 
canal being only 24 in. 

At the junction of the High and Middle level sewers 
at Old Ford is constructed the penstock and overflow 
chamber, of which we give a section in Fig. 1. This 
chamber, which is built of brickwork, is about 150 ft. 
long, 40 ft. wide, and in some parts 30 ft. high. It is 


provided with five large penstocks worked by machinery, 
and by these the sewage can either be diverted into 
the two lower channels formed for the discharge of the 
storm waters into the Lea, or into the two upper 
channels which pass over that river and form the com. 
mencement of the Northern Outfall sewer. As a 
general rule, the lower channels are kept closed, the 
sewage flowing through the two upper channels to 
Barking Creek ; but in the case of heavy storms, as soon 
as the contents have risen to the tops of the upper 
channels, the surplus flows over the five weirs, shown 
in our illustration, into the lower channels, and is dis- 
charged by them into the Lea. The lower penstocks 
also give the power of discharging the whole of the 
sewage into the Lea in case of accidents. The whole 
of the High-level sewer, including the penstock 
chamber, was completed in May 1861, and has been 
in use since that date. We give, in Fig. 2, a section 
showing the mode of carrying the High-level sewer 
under the New River, and in Fig. 3 a similar section 
showing the way in which it has been carried under 
the Regent’s Canal. 
FiC.2. 
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The Middle-level sewer intercepts the sewage of 
a densely inhabited area of 174 square miles, and was 
constructed for the purpose of draining the lowest 
parts which could be drained without the employment 
of pumping power, and it thus reduces to a minimum 
the area drained by the Low-level sewer. It com- 
mences near the Harrow-road at Kensal-green, and is 
carried as near to the river as the contour of the 
ground will permit, its course lying under the Pad- 
dington Canal, into the Uxbridge-road at Notting-hill, 
along Oxford-street, Hart-street, Liquorpond-street, 
and across Clerkenwell-green ; donee by way of Old- 
street-road to High-street, Shoreditch, along Church- 
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street, Bethnal-greei-road, and Green-street, under the 
Regeut’s Canal and the North London Railway, toa 
junction with the High-level sewer at the penstock 
chamber at Bow. ‘The area drained by gravitation is 
increased by a branch of the Midale-level sewer, 
which is carried along Piccadilly, through Leicester- 
square and Lincoln’s-inn-fields, to the main line at 
King’s-road. This branch, which is 2 miles long, 
measures 4ft. by 2 ft. 8in., and has a fall of 4 ft. per 
mile. ‘Ihe main sewer is about 94 miles long, and its 
fall decreases from 17} ft. per mile at the upper to 
2 ft. per mile at the lower end, whilst its size varies 
from 4 ft. Gin. by 3 ft. to 10 ft. 6in. in diameter, and 
finally to 9 ft. 6in. by 12 ft. at the outfall. 

The Middle-level sewer is formed mostly through the 
London clay, but to the east of Shoreditch it passes 
through gravel; about four miles of the main sewer 
and the whole of the branch were constructed by tun- 
nelling under the streets at depths varying from 20 tt. 
to 60 ft. Whilst the sewer was being constructed 
under the Regent’s Canal, the water burst in upon the 
works ; fortunately, however, no lives were lost, and 
the sewer was afterwards carried under the canal, first 
by enclosing one-half of the width of the tunnel at a 
time within a cofferdam, and then by open cutting. 
The sewer is carried across the Metropolitan Railway 
by a wrought-iron aqueduct of 150 ft. span, weighing 
240 tons, this aqueduct being built on a stage 5 It. 
above its ultimate level and then lowered into its place 





by hydraulic rams, this plan being followed in order to 
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prevent interruption to the traffic of the line. The 
depth of construction of the aqueduct between the 
under side and the invert of the sewer is only 2} in. 
The Middle-level sewer, which is now, and has been 
for some time, completed and in full operation, is pro- 
vided with overflow weirs at its various junctions with 
all the main valley lines. We give, in Fig. 4, a section 
of the Middle-level sewer, showing the manner in 
which it was carried in tunnel under New Inn-yard. 


FIG.4. 





The Low-level sewer, in addition to draining the low- 
level area containing 11 square miles, is also the main 
outlet for a district of 143 square miles, which forms a 
western suburb of the metropolis. This district in- 
cludes Fulham, Chelsea, Brompton, Kensington, Shep- 
herds Bush, Hammersmith, and part of Acton, and it 
lies so low that it is necessary that its sewage should 
be lifted at Chelsea for a height of 174 ft. into the 
upper end of the low-level sewer. The commencement 
of this sewer is at the Grosvenor Canal, Pimlico, and 
it passes along Lupus-street and Bessborough-street to 
and along the river side from Vauxhall-bridge. From 
Westminster-bridge to Blackfriars it will be carried 
through the Thames Embankment, and its position 
with relation to the roadway and embankment wall was 
shown in engravings of the embankment works given 
at pages 217 and 220 of the last volume of EnernEER- 
inc. From Blackfriars it will pass under a portion of 
the new street to the Mansion House and thence to 
Tower-hill. From Tower-hill it has been constructed, 
mostly by tunnelling, along Mint-street, Cable-strect, 
Back-road, Commercial-road, under Limehouse-cut and 
Bow Common, and finally under the Lea to the Abbey 
Mills pumping-station, where its contents are raised 
36 ft. It has two branches, one from Homerton and 
the other from the Isle of Dogs. The length of the 
branches is about 4 miles, and that of the main sewer 
8} miles; the size of the latter varies from 6 ft. 9 in. 
to 10 ft. 3in. in diameter, and its inclination from 2 ft. 
to 3 ft. per mile. It is provided with storm overflows, 
and its completion is, we believe, only dependent upon 
that ofthe embankment. It will be unnecessary to more 
than allude to the various sewers for draining the 
western suburb already mentioned ; but we may state 
that they were mainly constructed through gravel 
charged with such large quantities of water that it wsa 
necessary to lay stoneware pipes under the inverts of the 
sewers, to lower the water in the ground, and to lead it 
to the numerous steam-pumps by which it was raised. 

The pumping-station at Abbey Mills is the largest 
connected with the main drainage works, containing, 
as it does, eight engines, each of 142 horse power 
nominal, and these engines being capable of lifting a 
maximum quantity of sewage and rainfall amounting to 
15,000 cubic feet per minute toa height of 36 ft. The 
building is cruciform in plan, and the engines are 
arranged in pairs, one pair in each arm of the cross. 
They are rotative condensing beam engines, each iisving 
a cylinder 4 ft. 6 in. in diameter with a stroke o1 9 ft., 
and each works two double-acting pumps 3 ft. 10} in. 
in diameter, with a stroke of 4ft. 6in. Before enter- 
ing the pump wells, the sewage from the Low-level 
sewer has to pass through gratings which intercept the 
coarser impurities. The sewage is delivered by the 
pumps into a circular cast-iron culvert, and from this 
it can be directed into any of the three culverts forming 
the Northern Outfall sewer. r 
_ The Northern Outfall sewer, unlike ordinary sewers, 
is raised above the neighbouring ground level, and is 
contained in an embankment. It commences at the 
Junction of the High and Middle Level sewers at the 
penstock chamber at Bow, and passes immediately 
under the rails of the North London Railway, which 
are carried over it on girders. After passing under 
Wick-lane, which has been raised 18 ft., it is conducted 
over the River Lea by a wrought-iron aqueduct of 
9/ tt. span, the aqueduct consisting of two wrought- 
iron culverts of the same section as the brick sewers, 
over which is formed a roadway with parapet walls, the 
peggy supported by three wrought-iron plate 
ori. J the other aqueducts on the line of the 
outfall sewer are also constructed so as to carry a road- 
way at the top of them. Between the River Lea and 





the Stratford road four other streams are crossed by 
means of iron tubes of from 18 ft. to 45 ft. span, and 
the sewer is also taken through the embankment of the 
Great Eastern Railway. 

For the length above mentioned, the outfall sewer 
consists of two culverts placed side by side, each being 
9 ft. by 9 ft., and being made with straight sides, semi- 
circular top, and segmental invert. They are supported 
upon an embankment formed of concrete, the concrete 
being carried down through the peat to the gravel, which 
in some parts lies at a considerable depth below the 
surface. ‘The culverts are also protected by concrete 
slopes of 1 to 1, and the whole is covered with an 
earthen embankment having side slopes of 1} to 1. 
This earthen embankment has, since its construction, 
slipped in some places, and:has had to be repaired in 
the ordinary way; but no settlement has been observed 
in the concrete work. 

Where the outfall sewer crosses the Stratford road, 
the latter had to be raised, and, in order that this 
raising might be as slight as possible, the form of the 
sewer has been altered under the road to four culverts, 
each 6 ft. high by 7 ft. 3in. wide, and covered with 
cast-iron plates. From this point the double line of 
sewer is continued over Abbey Mill-lane to the pump- 
ing-station at Abbey Mills, where it receives the 
raised contents of the low-level sewer. From the 
pumping-station three lines of culverts, each of the 
same size and shape as those forming the pair already 
described, are continued to the outlet at Barking 
Creek, and during their course they are carried by 
aqueducts over the Channelsea River and Abbey Cenk 
by cast-iron culverts supported by four wrought-iron 
plate girders of 46 ft. span each. The sewer is also 
carried by aqueducts over Marsh-lane, and over the 
North Woolwich and Tilbury Railways, both of which 
lines had to be lowered to accommodate its levels. 


The depth of the peat was so great for a distance of 
about 14 miles at the lower end of this sewer that, in 
order to save the great expense which would have been 
incurred by carrying down the concrete embankment 
to the gravel for its whole length, cross trenches, 
6 ft. 6in. wide, were excavated down to the solid 
ground at distances of 21 ft. from each other, and 
these were filled with concrete piers, between which 
were turned brick arches, four rings thick, these 
arches supporting the culverts. The top of the bank 
enclosing the culverts is 40 ft. wide, and in some places 
25 ft. above the level of the marshes, and the fall of 
the sewer is an uniform one of 2 ft. per mile. 

At the outlet the invert of the sewer is about 18 in. 
below high-water mark, but the sewage is made to fall 
over an apron, a depth of 16 ft., and is discharged into 
the river through nine culverts, each 6 ft. high by 6 ft. 
wide, these being laid at the level of low-water spring 
tides. The three upper sewers’ are, however, fitted 
with penstocks, and by the aid of these the sewage, in- 
stead of being allowed to fall over the tumbling bay, 
can be diverted into the reservoir, where it can be 
stowed for about 11 hours per tide, and then discharged 
at high water. The reservoir is so situated that the 
sewers form one side of it, and they are connected 
with it by sixteen openings through which, when the 
penstocks are closed, the sewage enters the reservoir. 
When the sewage is to be discharged into the river, 
sluices, at the lower end of the reservoir, are opened, 
and the stored sewage admitted to the nine culverts 
already mentioned; the penstocks being, at the same 
time, opened so that sewage simultancously flows from 
the three upper culverts over the tumbling bay, and so 
into the discharging culverts. Sluices are also pro- 
vided for shutting off the communication between the 
sewers and the reservoir, and causing the whole of the 
sewage to be discharged over the tumbling bay, if 
necessary. The nine discharging culverts, above men- 
tioned, terminate in a channel cut in the bed of the 
river, the floor of this channel being formed of concrete, 
and its sides protected by camp sheathing. The whole 
of this line of outfall sewers has been in operation 
since March 1864, and the reservoir since August in 
the same year. 

The reservoir at Barking has ‘an average depth of 
16 ft. 9 in., and it is divided into four compartments by 
division walls, its effective area being 412,384 square 
feet, or about 9} acres. The external and partition 
walls are of brickwork, and its entire area is covered 
by brick arches supported on stone piers. The pave- 
ment is of York stone throughout. Owing to the 
reservoir being constructe’ n bad ground, the founda- 
tions of the walls and piers had to be carried down in 
concrete to a depth of nearly 20ft., and the whole, 
being raised above the surface of the ground, is covered 
by an earthen embankment rising 2 ft. above the 
crowns of the covering arches. To prevent the sewage 





from rising too- high -in the reservoir, weirs or over- 
flows are provided in the partition walls, which are 
built hollow, the spaces in them communicating with 
the discharging culverts below the outfall sewers. The 
reservoir can be filled above the weir level, however, 
in cases of necessity, by closing the discharging 
culverts by means of penstocks fitted to them at their 
entrance into the tumbling bay. At the back of the 
reservoir there is built a culvert communicating with 
the river, this culvert having openings, fitted with pen- 
stocks, leading to each compartment. By means of 
this arrangement any one of the compartments can be 
filled with tidal water at high tide, and flushed by dis- 
charging its contents at low water. 

The quantity of sewage to be disposed of on the 
north side of the Thames was stated, by Mr. Bazal- 
gette, in his paper, to amount to 10,000,000 cubic feet 
per day, and the sewers have been proportioned for an 
increase up to 11,500,000 cubic feet per day, in ad- 
dition to a rainfall of 28,500,000 cubic feet per day. 
The description of the works on the south side of the 
Thames, and some general particulars of the cost, &c., 
of the whole system, we must leave for a future article. 








THE WILSON FURNACE. 

TWwELvE of the Wilson furnaces are now at work at 
Milton, giving excellent results. It has encountered 
the utmost opposition of the puddlers, and these men 
have at last had notice given them to quit work in 
consequence, the Messrs. Dawes being determined that 
so valuable an invention shall not be shelved by pre- 
judice and ignorance, nor by the selfishness of their 
men. It is to be understood that every possible 
objection has been falsely raised against the furnace. 
The men declared that it would not get out the 
same quantity of iron, that the heat was not sufli- 
cient, &c. ; and as they had always been allowed a hand 
to clean their grate-bar furnaces, they refused to clean 
out the refuse of the new furnaces, this refuse being 
so slight that only one minute to each heat, or six 
minutes to the shift of twelve hours, were required to 
remove it. They made what they called a fair trial to 
prove that so much iron could not be got out ; but the 
results of five successive shifts of six heats each were 
a little against them, and in favour of the furnace. The 
Wilson furnace gave 113 ewt. 3b., while the grate- 
bar furnace gave 112 ewt. 3qr. As to the heat, it is 
found that if the firebricks of the furnace are not of 
good quality they are melted down ; indeed, there is no 
want of heat. The cleaning out of the insignificant 
amount of refuse is the last ground of opposition, but 
the.men will have to yield or be dismissed. 

In the mean time the principal Sheffield firms are 
putting up furnaces of the new construction. Among 
these firms are Messrs. Cammell and Co., Messrs, 
Thomas Firth and Sons, Messrs. Ibbotson Brothers, 
&c. Messrs. Hick; Hargreaves and Co., of Bolton, 
Messrs. Bell Brothers, of Newcastle, and others else- 
where are also having Wilson furnaces erected. One 
is being put up at Messrs. Hepburn’s, Long-lane, South- 
wark, to burn tan, a material which is now a great 
nuisance to the neighbourhood. Another is fitted to 
a steam vessel belonging to the Lambton Company, 
plying between Sunderland and London. But for the 
selfish opposition of the Milton puddlers, which has 
now ended in their discomfiture, hundreds would have 
now been in use. 

Mr. Wilson, whose present address is Edinburgh 
(post-office), has prepared a figured lithographed draw- 
ing, which will prove useful to those who are about to 
fit up furnaces of this construction. 








THE DISPOSAL OF SEWAGE. 

Dr. Hawxstxy has been urging, at the Social 
Science Congress, that it should be made penal to throw 
house refuse or excreta into the sewers. Mr. Bate- 
man, by an error of calculation, estimated that it would 
require, upon Dr. Hawksley’s proposed plan of earth 
closets, the earth to a depth of 6 ft. from 400 acres 
yearly. It appears that this should have been 200 
acres, and the doctor maintains that earth is, after all, 
a perfect deodoriser. He exhibited samples that had 
been used in closets, dry and inodorous, and he states 
that the same earth may be used ten times in succession, 
with intermediate drying, each time acting efficiently. 
There is no question that we shall hear much more of 
this earth-closet system. A correspondent of the Times, 
a sanitary engineer, maintains that earth does not, of 
itself, deodorise nor absorb the organic matter m 
sewage. It is, he says, the vegetation which does this. 
Perhaps upon no subject is there more opposition of 
opinion than upon the subject of how to get rid of and 
how to utilise sewage. 





ENGINEERING. 


(Oct. 12, 1866. 








RAILWAY CARRIAGE COUPLING: ERIE RAILWAY, 




















Zz 
—eeaits. 


HUT 


4 
YW 




















a ~~ 


POEs FE 





BY COLONEL E. MILLER, c@. 























AMERICAN railway cars are usually connected together by 4 
combined central coupling and buffing arrangement, the end 
of the drawbars being forked and carrying buffer heads, 
and these heads have each a suitable opening in it through 
which a simple link can pass and embrace pins dropped through 
holes in the forks. ‘The American carriages have end platforms, 
and from the construction of these and the arrangement of the 
couplings, the compressive strains caused by the buffing of the 
carriages is brought in an indirect manner upon the frames. On 
the Erie Railway an arrangement of coupling and buffers, de- 
signed by Colonel E. Miller, is now being adopted, and accord- 
ing tothe reports of Mr. H. G. Brooks, the superintendent of 
machinery, and Mr. H. Riddle, the general superintendent of 
the line, it is found to answer exceedingly well. Although it is 
doubtful if it would be applicable in this country, we give en- 
gravings of it here as an example of American railway practice. 

In our illustrations, Fig. 1 is an elevation, Fig. 2 a lonugi- 
tudinal section, and Fig. 3a plan of an end of a car to which 
the arrangement has been applied, whilst Figs. 4 and 5 show 
detail views of the coupling hook and buffer respectively. The | 
names applied to the various parts of an American railway | 
carriage frame differ from those employed in this country. | 
Thus, referring to the figures, F is the “truss beam,” G the | 
“spring beam,” H the “ suspender beam,” L the “ downward 
trusses,” and M the “bolster” or “transom plate.” The 
coupling hook, A, is attached to the draw-spring, K, in such a 
manner that the outer end is free to move laterally for a short 
distance. The coupling hook projects beyond the platform, 
whilst under the outer beam of the latter is laced a stop, 
C. When two cars are brought together, the coupling hooks, 
from their shape, push each other aside, until, as the cars are 
brought closer, the end of each hook comes in contact with the 
“stop,” C, of the other car, and the hooks are thus brought 
together and interlocked. The disconnexion is effected by the 
lever, D, which also serves to hold the hooks clear of each other 
if it is desired to keep the cars from becoming coupled. In this 
latter case the lever is retained in the proper position by the 
quadrant and catch, E. The hooks, A, are made of such a form 
that they can be connected with the ordinary coupling-link, a 
hole being provided for the pin which passes dunah the latter. 

The buffing arrangement is placed above the coupling-hovks, 
and consists merely of a buffer, B, the rod of which is connected 
to a spring fixed against the spring beam, G. By this arrange- 
ment the compressive strain is brought upon the frame on the 
line where it is best able to resist it. Passenger cars, fitted 
with this coupling, are put together so that the buffer-springs 
are slightly compressed, as is usual on English lines, and by 
this means a steadier attachment is obtained, and passengers 
can step from the platform of one car to that of another whilst 
the train is in motion with perfect safety. In the case of cars 
for merchandise, however, 3 in. slack is allowed in coupling up. 





CENTRIFUGAL Pumps.—Messrs. Gwynne and Co. are en- 
gaged upon perhaps the largest centrifugal pumping engines yet 
constructed. The engines, of 50 nominal horse power, are to 
drive a centrifugal pump with a 5 ft. disc, at 120 revolutions 
r minute, to raise 25,000 gallons per minute, on a 10 ft. lift. 
his machinery is to be set up in Demerara. The engines are 
guaranteed to work with 24 lb. of coal per indicated horse power 
per hour. The pumps, by the same makers, for the Stadil 

jord, Denmark (illustrated in our first number), lifted, each, 
nearly 30,000 gallons per minute on a 5 ft. lift. Taking the dif- 
ference of lift into account, it will be seen that the Demerara 
engines and pump will greatly exceed the performance just 
cited. Large pumps wiil also go to Amsterdam. 
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We illustrate, above, a very effective tool for fixing boiler 
tubes, invented by Mr. R. Dudgeon, of New York, and patented 
by him in this country and America. In our engravings, Fig. 1 
is an elevation, Fig. 2 a transverse section, Fig. 3 a longitudinal 
section, and Fig. 4 a separate view of one of the rollers. The 
instrument consists of a hollow plug somewhat less in diameter 
than the bore of the tube, and having recesses formed in it to 
receive four small rollers, as shown in Figs. 2 and 3. When 
the plug has been placed in the end of the tube to be fixed, the 
four rollers are spread outwards by inserting atapered mandril 
betwixt them, as shown in the engravings, and after this has 
been done, the mandril is turned round by a suitable wrench, 
when it, of course, drives the rollers by friction. The rolling 
action of the rollers upon the inner side of the tube gradually 
expands the latter in the most effective manner, so that it is 
made to fit the hole in the tube-plate perfectly without causing 
any undue strain upon the metal of the tube. Indeed, we have 
seen the ends of tubes which have been fixed by this tool, and 
afterwards cut out of the tube-plate, in which the marks left 
by the drill in boring out the hole in the tube-plates were per- 
fectly impressed on the outside, these marks proving most 
decisively how closely the tube had been made to fit. The 
rollers are generally made with parallel sides, but if preferred 
they can be shaped so as to bulge the tube on the inner side of 





the tube-plate in the same manner as ordinary expanding 
mandrils, 

The depth to which the plug carrying the rollers is inserted in 
the tube is regulated by a movable collar with which the plug is 
provided. This collar, which is shown in Figs. 1, 2, and 3, 
bears upon the tube-plate all round the tube to be expanded, 
and it is fixed on the plug carrying the rollers by means of a set 
screw, the points of which take into shallow countersunk holes 
in the plug. These holes are formed round the plug in a spiral 
line, so that the collar can be fixed in different positions, and the 
rollers allowed to project beyond it to distances regulated by the 
thickness of the tube-plate. The tool is altogether very simple, 
there being no parts likely to get out of order; it is made prin- 
cipally of steel, and the working portions are hardened. Among 
the American works at which it i been extensively used are 
the well-known Rogers Locomotive Works at Paterson, New 
Jersey, and we have it on excellent authority that it has been 
found that the tubes of locomotives could be fixed by it, both 
more cheaply and in a better manner than by any other mode 
previously tried. Mr. Dudgeon is now making his tube-expan- 
ders of various sizes, from 1 in. to 7 in. in diameter, and the cost 
in America of the expander for 1f in. tubes (the size ordinarily 
used in locomotives) is 25 dollars, equal, at the present rate of 
exchange, to about 3/. 10s. 
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THE WATERWORKS OF LONDON. 
No. V.—Tne Lampeta Waterworks Company. 

Tue Lambeth Waterworks Company, to which Mr. 
James Simpson is the engineer, a which now draws 
its supply of water from the river Thames at Thames 
Ditton, was the first of the Thames water companies to 
remove its source of supply above the influence of the 
tide. It was incorporated in 1785, under the Act, 25 
George II1., cap. 89, and obtained additional powers 
by the Act, 4 William IV., cap. 7, whilst the present 
works were established under the Act, 11 Victoria, 
cap. 7 (1847). The old works were situated in the 
Belvidere-road, near Waterloo-bridge ; but these were 
abandoned in 1852, in January of which year the sup- 
ply was commenced from Thames Ditton. 

The Thames Ditton works adjoin those of the Chel- 
sea Company at Seething Wells which we described 
last week, and, as in the case of those works, the piece 
of ground on which they stand is divided by the road 
leading from Ditton to Kingston. The river front of the 
works is protected by a wall in the same manner as 
the Chelsea works, an opening in this wall, guarded by 
gratings and provided with sluices, admitting the 
water from the river direct to the filter-beds. It will 
thus be seen that no subsiding reservoirs are at present 
used, and although the construction of two such reser- 
voirs has been commenced, it is probable that they 
will not be completed in much less than two years’ 
time. The filter-beds are four in number, and they 
measure about 90 ft. in extreme length and width ; they 
are each provided witha single inlet pipe. They are 
enclosed by vertical sides of brickwork, and their form 
in plan is somewhat peculiar. Those sides which are 
at right angles to the line of the river are straight ; 
but the other two sides of each filter-bed are each 
formed of a pair of horizontal arches with their con- 
cave sides next the bed, these arches springing from 
the ends of the side walls of the bed, and from the 
ends of a kind of partition wall which partly divides 
each bed into two parts. The height of this partition 
wall falls by a series of steps until at the central part 
of its length its top is below the water level. ‘The 
bottoms of the beds are formed of slate slabs, laid 
with the joints $in. open, and supported by dwarf 
walls of brickwork, so that a shallow chamber for the 
reception of the filtered water is formed beneath them. 
The arrangement of the filtering material over the 
slate slabs is similar to that employed in the beds of the 
Chelsea Company, described last week. The beds are 
worked with ahead of from 7 ft. to 8 ft. 6 in. of water 
and two of them are generally cleaned out weekly. It is 
intended to double the size of each of the filter-beds, and 
the necessary works have been commenced. 

As, when the beds require cleaning, considerable 
delay would be caused if they had to be drained empty 
in the ordinary way, an engine working a centrifugal 
pump has been provided for emptying them. This 
engine, which is placed in an engine-house adjoining 
the beds, is a condensing beam-engine constructed by 
Boulton and Watt. It has a eylinder 24 in. in diameter 
and 3 ft. stroke, and is supplied with steam by a pair 
of single-flued Cornish boilers. The centrifugal pump, 
which it drives by a strap from the flywheel, is situated 
ira well formed beneath the engine-house floor. 

The method in which the dirty sand from the filter- 
beds is washed at the Lambeth works differs from that 
followed at either the Chelsea or West Middlesex Com- 
panies’ works. No sand-washing machine is employed, 
the cleansing of the material being effected by the aid 
of a hose-pipe in the following manner: Adjoming the 
filter-beds there are formea on the surface level three 
shallow chambers, each about 10 ft. long by 5 ft. wide, 
these chambers having slightly sloping beds, and theit 
sides being formed by brick walls about 2 ft. high at 
the upper and 1 ft. at the lower end. At one of the 
lower corners of each chamber there is formed a small 
overtlow weir, the dirty water passing over these over- 
flows being conducted by a suitable channel into the 
drains. Kather more than a cubic yard of the sand 
to be washed is placed at the upver end of one of these 
chambers, and a jet of water directed on it by means of 
a hose-pipe connected with the mains. The man in 
charge of the hose-pipe so directs the jet that the sand 
is driven backwards and forwards from one side of the 
chamber to the other, and the impurities with which it 
is mixed are thus washed out and carried away by the 
overflowing water. The process is continued until the 
water comes over the overflow nearly or quite clear, 
the time occupied in obtaining this result, with a charge 
of sand of the amount above mentioned, being about 
twenty minutes. The chambers are used alternately, 
the cleaned sand being removed from one whilst the 
washing process is going on in another. 

From the filter-beds the water is conducted to the 








engine pump-wells, in which, as in the case of the 
Chelsea works, it usually rises to within a short distance 
of the suction valves of the pumps. The engines, 
which, with the exception of a few minor points, are 
similar to those at the Chelsea works, are double-cylin- 
der rotative beam engines, constructed by Messrs. 
Simpson and Co., of the Grosvenor Works, Pimlico, 
to whom we are indebted for the drawings from which 
the engravings on pages 273 and 276have been prepared. 
At present there are two pairs of these engines at work, 
and another pair is in course of erection, theengine-house 
in which the new engines are placed being made of 
sufficient size to accommodate another pair of engines 
when required. The two pairs of engines now at work 
are in one engine-house, this being separated from the 
new engine-house by an intermediate building contain- 
ing some of the boilers. 

In Fig. 5, page 276, we. have given an outline 
diagram of the engines, which will show their general 
arrangement, and which, combined with the enlarged 
views of the most important details, will enable us to 
explain their construction. We may mention here that 
we have preferred giving a general outline diagram and 
enlarged details, instead of a complete combined view, as 
the small scale to which the latter would necessarily have 
had to been drawn would have prevented the various 
peculiarities of the engines from being distinctly shown. 
As we have already stated, they are double-cylinder 
engines, and, as in the case of those at the Chelsea works, 
the low-pressure cylinders are 46 in. in diameter and 
5 ft. stroke, and the high-pressure cylinders 28 in. in 
diameter with a stroke of 5 ft. 63in. The pumps have 


also the same stroke as those of the Chelsea engines, 
viz., 6 ft. 11 in.; but the diameters of the buckets and 
plungers are rather less, being 233in. and 164 in. re- 


spectively. The length of the beams between the end 
centres is 26 ft. 6 in., and the height of the main centre 
above the engine-house floor 21 ft.4in. As the beams 
have equal arms, and the connecting-rod centres corre- 
spond to those of the low pressure piston-rods, the 
cranks have a throw equal to half the stroke of the 
low-pressure pistons, or 4ft. The crank-shaft bear- 
ings are 13} in. in diameter, and one shaft serves for 
each pair of engines, the cranks on it being placed at 
right angles. The flywheels, of which there is one to 
each pair of engines, are 21 ft. in diameter, and each 
weighs 13 tons. The beams are 5 ft. deep in the centre, 
and each is formed of two flitches, the weight of each 
flitch being 6} tons. The engines are each perfectly 
balanced by both pistons being made solid, and by 
about 24 tons of balance-weights being placed between 
the flitches of the beam. ‘The distances between the 
centres of the three motion-pins and the main centre 
are respectively 5 ft. lin., 9ft. 2in., and 13 ft. 3 in., 
and the parallel motion is arranged as shown in the 
outline diagram, Fig. 5. 

In Fig. 2, page 273, we give a section of the low- 
pressure cylinder, valve jacket, and air-pump of one of 
the Lambeth engines ; and in Fig. 6, page 276, an cleva- 
tion of the cam gear by which the valves are worked. 
As we remarked last week, this arrangement of valves 
and valve gear was designed by Mr. David Thomson, 
formerly the manager of Messrs. Simpson’s works, 
and it forms one of the principal features of the en- 
gines. One valve effects the distribution of the steam 
to both cylinders, this valve consisting of four pistons 
disposed in two pairs, one pair at the top and one at 
the bottom, and united by a pipe, the inside of which 
commmunicates with the spaces between the pairs of 
pistons. The steam is supplied to the valve-box be- 
tween the two inner pistons, and the condenser com- 
municates with the top and bottom of the valve-box 
by the arrangement of pipes shown in Fig. 2. The 
same figure also shows the positions of the ports leading 
to the high and low pressure cylinders, the passages be- 
longing to the former (which are nearer together than 
those of the latter) being shown broken off just out- 
side the valve box. The ports are rectangular, and 
those of the large cylinder extend two-thirds round the 
circumference of the valve, whilst those of the small 
cylinder extend but half round. They are all pro- 
vided with bars across them to prevent the packing 
rings of the valves from catching the edges of the 
ports, and these bars are inclined so as to avoid groov- 
ing the packing. The valves themselves used to be 
packed with cast-iron rings having springs behind 
them; but Messrs. Simpson now fit each piston of the 
valve with a solid cast-iron ring hevinga steel “ Rams- 
bottom’s”’ ring recessed into *. at its upper and lower 
edges. The diameter of ine valve pistons is about 
l4in., and that of the connecting pipe 6 in. inside. 

The action of this valve is as follows :—In Fig. 2 
the engine is supposed to be making an up stroke, and, 
in the position shown, the valve shuts off the supply of 





steam from both ends of the small cylinder, and 
forms a passage between the lower end of the 
large and the upper end of the small cylinder. This 
being the case, the steam passes from the upper end of 
the small cylinder into the space between the two 
upper pistons of the valve, and thence, through the 
connecting-pipe, into the corresponding space between 
the two lower pistons, this latter space being, when the 
valve-is in the position shown, in communication with 
the lower port of the large cylinder. At the same 
time the upper port of the large cylinder is uncovered 
by the upper piston of the valve, and it is thus in 
communication with the condenser. Near the end of 
the up stroke the valve receives an upward movement 
from its cam, this movement bringing the under edge 
of the lower of the upper pair of valve pistons above 
the port communicating with the upper end of the 
small cylinder, and thus admitting steam to that end, 
whilst at the same time a communication is opened 
between the lower end of the small and the upper end 
of the large cylinder through the pipe connecting the 
upper and lower parts of the valve, and the lower port 
of the large cylinder is placed in communication with 
the condenser. When, during its down stroke, the 
piston of the high-pressure cylinder has reached the 
point at which the cam is set to cut off the steam, the 
valve receives a downward movement sufficient to close 
the upper port of the small cylinder, and still later in 
the stroke it receives a further downward movement, 
which opens up the passage between the top of the 
small and the bottom of the large cylinder, un- 
covers the lower port of the small cylinder for the ad- 
mission of steam and the upper port of the large 
cylinder for exhaustion into the condenser. The 
upward stroke of the pistons then commences; and 
when the point of cut-off in the small cylinder is 
reached, the valve receives an upward movement which 
restores it to the position shown in Fig. 2. 

From the above explanation it will be seen that 
during each revolution of the crank-shaft the valve 
performs one upward and one downward stroke, and 
that these strokes are not performed by a continuous 
motion, but that each consists of two distinct move- 
ments or impulses. The arrangement by which this 
required motion is given to the valve is, as we have 
already stated, shown in elevation by Fig. 6. The 
shaft upon which the cam is placed runs at right angles 
to the crank-shaft, and is driven from the latter by 
means of a pair of bevel wheels of equal size. The 
whole of the cam gear is arranged below the floor of 
the engine-house, and there is a separate cam shaft for 
each engine, so that by disconnecting the connecting- 
rod and cam gear of one engine, the other can be 
driven independently. Each cam consists of three 
parts, one of these—that by which thie cut-off of the 
steam is effected—being adjustable. This adjustable 
portion is shaded with a darker tint in Fig. 6. A 
second portion of the cam is that which causes the 
second movement of the valve in each stroke, this part 
being fixed on the cam-shaft, whilst the third portion 
is merely an intermediate piece which serves to form a 
convenient connexion between the other two parts. 
The direction of the motion of the cam-shaft is shown 
by the arrows in Fig. 6, in which that part of the cam 
which effects the second movement of the valve during 
each stroke is represented as just coming under the 
upper roller. The point of cut-off can be varied from 
+ to % the stroke. 

The two rollers against which each cam works are 
carried by levers, one end of each of which is keyed 
upon a short rocking-shaft carried by suitable bearings, 
as shown in Fig. 6. Each of the levers is made of 
two plates placed a short distance apart, and accommo- 
dating the cam-roller between them; and the lower 
lever is prolonged, and has its end connected to a 
crosshead on the valve-spindle by means of short links, 
—the crosshead just mentioned being adjustable on the 
valve-spindle by means of nuts above and below it. 
The upper and lower cam levers are connected by means 
of links having bearings which take hold of the outer 
ends of the short spindles upon which the rollers work ; 
and the rocking-shaft, upon which the lower lever 1s 
fixed, has also keyed upon it another lever provided 
with a weight by which the whole weight of the valve, 
rollers, levers, &c., is counterbalanced. The roller 
levers are placed at such a distance apart, vertically, 
that the clear distance between the rollers is slightly 
greater than the greatest diameter of the cam; and it 
thus happens that during a portion of the revolution 
of the cam-shaft the valve, with its attachments, 1s 
left entirely free, and is only retained in the position 
in which it has been last placed, by the cam, by the 
friction of its pistons and spindle stuffing-box. The 
cams and cam-rollers are of cast iron, and have chilled 
surfaces. 
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The system of valves and gear, which we have de- 
scribed, is one which is found to act extremely well. 
The valves involve no difficulties of construction, and 
the loss of pressure which the steam undergoes during 
its passage from the high to the low pressure cylinder 
is reduced to a minimum, both by the passages through 
which it travels being made of moderate dimensions, 
and as direct as possible, and by preventing any com- 
munication between the intermediate passage and the 
condenser, so that when the steam enters the passage 
the latter is already filled with steam of the density 
which existed in the large cylinder at the termination 
of the previous stroke. The fact of the pipe connect- 
ing the upper and lower parts of the valve passing 
through the space which is filled with fresh steam from 
the boiler also causes the steam which is carried 
through the tube on its way from one cylinder to the 
other to be slightly reheated during its passage. We 
subjoin an engraving, showing a pair of indicator dia- 
crams taken simultaneously from the top of the small 
and bottom of the large cylinder when the steam was 
being cut off in the former at 40 per cent. of the stroke ; 
and it will be seen that the loss of pressure due to the 
transfer of the steam is really very slight. 
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In the engines which we are describing, the capaci- 
ties of the cylinders, passages, &c., are as follows : 


cub. in. cub. in. 


Capacity of small cylinder, 5ft. 6fin. stroke _... 40,870 
yn at end of small cylinder a a 308 
Space in port between valve and small cylin- i" 
der ... ve ove one ove «» 805 
Total space between valve and small piston .. 1,113 
Capacity of large cylinder, 8 ft. stroke «1. ss 159,542 
Clearance at end of large cylinder ... ae 831 
Space in port between valve and large cylin- 
der «. coe eee ove eve o. 2844 
Total space between valve and large piston ... 3,675 
Capacity of all passages in the valve coe wo. 8,944 
Sum of last two capacities... 7,619 


The expansion of the steam due to these capacities is 
as follows : 
Percentage of stroke at which the steam is 


cut off in the small cylinder eos ove 25 40 
Total expansion at end of stroke in small 

cylinder, in terms of the bulk beforeexpan- — 

sion... $e pon ove aoe .- 8.78 2.41 
Amount of expansion on passing from small 

to large cylinder, in terms of bulk before 

escaping from small cylinder eee o- 118 118 
Total expansion at end of stroke in large 

cylinder, in terms of original bulk... ee 15.15 9.66 
Total amount of efficient as —_ ines: aes 


of original bulk 


By the indicator diagrams taken by Mr. Thomson from 
these engines, it was found that the final — in 
both the small and large cylinders were always in ex- 
cess of those due to the rates of expansion, and this 
was the case notwithstanding that the utmost care was 
taken to ensure the tightness of the valves. When 
the steam was cut off at 25 per cent. of the stroke in 
the small cylinder, the initial pressure being 26 lb. per 
square inch, it was found in some cases that the final 
pressure in that cylinder was 2.2lb. and the final 
pressure in the large cylinder 0.9 lb. above those theo- 
retieally due to the rate of expansion; whilst, when 
the initial pressure was 35 1b., and the steam was cut 
off in the small cylinder at 40 per cent. of the stroke, 
the final pressure in that and the large cylinder were 
1b. and 1.31b. in excess respectively. The actual 
loss of pressure, as shown by the indicator diagrams, 
due to the passage of the steam from one cylinder to 
the other was in the first of the above mentioned cases 
2.1 lb., and in the second 4.2 lb. 


(70 be continued.) 





THE ABERDEEN WATERWORKS. 


Her Majesty has consented to inaugurate, on Tuesday next, 
the Aberdeen Waterworks. The ceremonial will take place at 
Inyercanny, the point at which the water is taken from the 
river Dee. Invercanny is 20 miles above Aberdeen and 30 
miles below Balmoral. The water is diverted from the river 
Dee at a point on the lands of Cairnton, about three miles west 
of the village of Banchory. At the intake, the channel of the 
river has been deepened for a short distance along the north 
side, and a cutting has been made in the bank sloping to the 
depth of three feet below the bed of the river, almost at right 
angles to the stream, which, while admitting the water freely, 
will not allow it to run in with too great velocity. At the end 
of the aqueduct there is thus about six feet of water. A strong 
wall of granite masonry is constructed on the foreshore of the 
river, with an opening seven feet wide and ten feet high, pro- 
tected on the outside by a strong iron haking to keep out 
salmon, and on the inside by a finer grating of galvanized iron 
wire to sift the water of smaller substances—leaves, &c. A 
yard or two further in is a large measuring tank, built of solid 
granite masonry, about fifteen feet square, which contains a 
floating guage or measure-pipe. This gauge is placed at the end 
of the aqueduct, and acts as a mouth-piece. It is kept con- 
stantly on a level with the surface of the river—rising and 
falling with it, by two large copper balls, two feet six inches in 
diameter, filled with air, The mouth of the pipe is 7 ft. wide by 
18in. deep, and admits exactly the required quantity— 
6,000,000 gallons daily—stipulated for in the Police and Water- 
works Act, when the water flows over the gauge 7} in. deep. 
The tunnel and the works at Invercannie are thus protected 
from any sudden influx of water such as might otherwise be 
caused by a sudden rise in the river during the night, or when 
the sluice-keeper may not be at hand to shut off the water. 

To the end of the tunnel—a distance of about100 yards down 
the river—the water is conveyed by a brickwork aqueduct 4 ft. 
6 in. by 3 ft. 6 in. of internal diameter. The length of the tun- 
is 760 yards, and the depth of the one shaft is 95 ft., and of 
the other 103 ft. Its dimensions are 5ft. high, by 4ft. wide; 
the rock being so compact and solid that it was unnecesary to 
make room for any lining of either brickwork, cement, or pud- 
dle. Indeed, instead of being diminished, the quantity of water 
will be very considerably augmented from the number of springs 
that have been struck in the tunnel—of excellent water, cool 
and limpid. The work of excavating this tunnel has been one 
of extreme difficulty. In the first place the rock—principally 
a species of whinstone—was found to be exceedingly hard. ‘Then 
the bore was too small to permit of more than one man striking 
on the jumper at one time. And lastly, the quantity of water 
that was encountered greatly impeded the workmen, the average 
proportion being twenty buckets of water to one of stone taken 
up the shaft. The work, however, was pressed on with great 
energy. The men were kept working at it twenty out of the 
twenty-four hours, in two relays, one for the day and one for the 
night; yet the average rate at which each oe was driven 
was only from 6 in. to 8in. a day, or 3ft. over all, during the 
two years and a,half occupied in the excavation. It was 
principally ordinary blasting powder that was used in the work, 
but there was also a good deal of gun-cotton tried. The latter 
was found to cut the rock better than the former, and to be 
much cleaner, but it seemed to emit some sort of gas injurious 
to the health, and which there was not enough of ventilation to 
carry off, for the men always complained of headaches after 
having used it once or twice. Where there is plenty of ventila- 
tion, however, there is no doubt that gun-cotton is much supe- 
rior to the ordinary blasting powder. ‘Lhe sides of the tunnel 
have been roughly dressed, but quite as well as it required, and 
as the hardness of the rock and other adverse circumstances 
would permit. 

The brickwork aqueduct recommences and continues for 
about half a mile, conveying the water to the Invercannie 
reservoir, calculated to hold 15,000,000 gallons. It is con 
structed in a hollow between the burn of Cannie and the rising 
ground tothe south. The aqueduct brings the water along this 
rising ground, so as to discharge it into the reservoir within a 
few feet of the top of the embankment. First of all, to make it 
water-tight, it is furnished with a flooring of clay puddle, 18 in. 
deep and well beaten. A vertical wall of the same material 
and the same thickness forms the centre of the embankment. 
This is supported on either side by a mixed bank of sand, earth, 
gravel, and stone, with slopes of 2 to1. On the outer surface 
grass has been sown, and is already growing luxuriantly. The 
inner surface is covered with a bed of lime concrete, six inches 
thick, above which is laid a protection of stone pitching. The 
dimensions of the embankment are 60 ft, broad at the base, 
about 17 ft, high, and 8 ft. broad at the top, along which is a 
gravelled walk. The water will come up tothe height of 15 ft., 
and the diameter of the reservoir is, at the top, 450 ft., and at 
the bottom 390 ft. On the inner slope, at the west side, the re- 
presentation of a salmon has been very neatly made in the stone 

itching, being formed with red stones with a background of 
Lies granite. He measures 50 ft. “ from the point of the nose to 
the tip of the tail,” as showmen say ; and according to the Act 
all the fish caught in the reservoir belong to Sir James Burnett 
except this one! “sae 

Before the water enters the reservoir, it passes through a 
second measuring tank, at the south side, where the ceremony 
of opening the works will be performed by the Queen. The 
sluice which her Majesty will draw is constructed at the end of 
the aqueduct. It is 2 ft. in diameter, and will, when opened, 
allow the water to flow through a gauge weir 12 ft. in circum- 
ference, and fall over the edge about 4 in. deep—giving the 
necessary quantity—into the tank. ‘Two smaller sluices com- 
municate with the reservoir, and will convey the water through 
the embankment into its pond within a few feet of the.top of the 
slope. 

At the east side of the reservoir, the outlet machinery is 
situated. This consists of two pipes, about 20 ft. long, with 
pepper-box apertures at the top, placed in a horizontal position, 
and made to work upwards and downwards upon joints, like a 
pair of arms. ‘They are supported by a balance weight appara- 
tus, constructed upon two brick piers, with planking running 
out 40 ft. from the top of the embankment, and will be floated 





by two copper air balls, 2 ft. 6 in. in diameter, which will main- 
tain them at a constant level of about 2 ft. below the surface of 
the water. A large pipe passes through below the embankment, 
and goes between the filters, two branch pipes, of 15 in. dia- 
meter each, discharging the water into the surface of the filter- 
beds. Should the reservoir become too full, a spill-water has 
been provided at the north side, by which any surplus will be 
discharged through a pipe into the Burn of Cannie. There is 
also another overflow about 100 yards above the measuring tank 
in the aqueduct, which will let oft the water should the quantity 
coming from the tunnel exceed that required at the reservoir. 
The filters are 136 ft. each in diameter, and are furnished 
with slopes and puddle walls, very similar to the reservoir. The 
beds are composed of sand and gravel, 5 ft. in depth, through 
which the water percolates into a brick drain in the bottom, 
which communicates with a small tank, the filtered water well, 
on the east side, and where the aqueduct commences. There is 
space reserved for two additional filters, if required. The ground 
enclosed for the reservoir and filter-beds, including the approach 
roads, &c., is about ten acres in extent. ; 
The aqueduct commences at the east end of the filters. Itis 
a brickwork construction of an oval form, with an internal dia- 
meter of 3 ft. 9in. high by 3 ft. 8in. wide. The bricks used are 
repre with two holes, and are much larger than ordinary, 
eing Yin. long by Gin. broad and ‘3}in. thick. They are 
moulded to the radius of the curve, and are cemented with a 
fine lime known as Lord Elgin’s lime, brought from Fifeshire, and 
which has more the appearance and character of cement than 
ordinary building lime. The brickwork is rendered water-tight 
by a casing of clay puddle, 9 in. thick, placed all round the out- 


side. This mode of structure is continued with but little varia- 
tion along the turnpike road and through various private 
grounds—for a distance of 18 miles—to the Lower Service 


Reservoir at Pitfodels. The burn of Cannie is crossed by a cast- 
iron pipe 40 in, in diameter, which passes through below the 
bridge constructed for the new road. The burn of Crathes is 
crossed by another 40 in. pipe. At the moss of Belscavie, where 
the level of the ground is too low, an embankment, about half a 
mile in length and 15 ft. high, has been constructed to carry the 
aqueduct across. The burn of Culter is crossed by a 40 in. 
syphon pipe supported by two piers built of granite, 25 ft. high. 
The pipe extends to a length of 400 yards, and at its east end 
the aqueduct recommences us before. Throughout almost its 
entire length the line of the aqueduct is scarcely discernible, 
being quite covered up, and having grass and other crops grow- 
ing above it the same as on the adjoining land. Air-escapes and 
man-holes are placed all along at equal distances for the venti- 
lation and cleaning of the interior. Although only required to 
discharge 6,000,000 gallons a day, the aqueduct is capable of 
discharging much more—probably about 8,000,000 gallons. It 
has a uniform fall throughout of 2 ft. per mile, which gives a 
velocity of 21 in. per second. 

The lower service reservoir is calculated to hold a day’s supply 
of water for the town—6,000,000 gallons. It is 270 ft. in diameter 
and 17 ft. deep. The bottom is laid with clay puddle, similar 
to the main reservoir; but instead of the inside of the embank- 
ment being sloped, it is a vertical wall of masonry, backed by 
clay puddling of the usual thickness, and with a very stron 
dyke of earth and gravel outside. For a short distance west o' 
the reservoir, 36 in. pipes are laid to carry the water to the top 
of the reservoir wall, and so discharge it into the basin. The 
floor immediately below the waterfall is laid with flags, to pre- 
vent it being worn away. A line of 27 in. iron pipes is laid 
from the end of the aqueduct past the north side of the reser- 
voir, which communicates with the latter by two sluices; and 
the water may be shut out of the reservoir altogether if neces- 
sary, and sent into town by these pipes, without passing through 
it at all. This main continues along the Cuparstone-road and 
Holburn-street, and joins the existing main pipes at the Water- 
house at Union-place. 

The level of the lower service reservoir is 160 ft. above high 
water, and it will be capable of supplying about nine-tenths of tle 
city with water. The remainder will be proviaed for by a smaller 
tank, called the high service reservoir. Its elevation is 396 ft. 
above high-water level; it is 80ft in diameter, the same depth 
as the lower one, and similarly constructed, and will hold 
600,000 gallons of water. The water will be pumped into it 
through a 10in. pipe, by a hydraulic engine, erected near the 
river side below the village of Cults. This will be worked by 
spare water from the aqueduet, conveyed to it by an 18 in, main 
pipe, 400 yards long, with a fall of 150ft. The quantity of 
water taken off daily will be 1,850,000 gallons, and of this quan- 
tity 350,000 gallons daily will be pumped up to the high service 
reservoir. The remainder serves to give the necessary hydraulic 
force, equal to about 50 horse power, for pumping, and is then 
allowed to run off into the Dee. 

The quantities of material which have been used in the con- 
struction of this work have been bricks, upwards of seven 
millions—about 42,000 tons weight—equal to about twelve 
millions of common bricks, those used being considerably above 
the ordinary size; of clay puddle, about 70,000 tons ‘for the 
reservoirs and aqueduct; pipes and other ironwork, 2500 tons. 
The extent of earth-work excavation required for the aqueduct 
was about 300,000 cubic yards, and of filling in about 170,000 
cubic yards. Of rock excavation in the tunnel there was nearly 
60,000 cubic yards. The number of men employed on the 
works varied from 1000 to 1500, 

The works have been constructed from plans by James Simp- 
son, Esq., C.E., ¥.G.S,, London. . The original survey in 1855, 
as well as the subsequent sutvey in 1861, were carried out by 
his assistant, Robert Anderson, C.E., resident engineer, who 
yas all the plans under Mr. Simpson’s superintendence, 
Mr. Easton Gibb is the contractor, with Messrs. J. Abernethy 
and Sons as sub-contractors for ironwork, with the exception of 
the large pipes which were ¢ast in Glasgow. The hydraulic 
engine has been constructed to the order of Messrs. Abernethy 
by Sir William Armstrong and Company. The total outlay for 
the works will not exceed 115,0002, 








TWENTY-THREE-TON FRasER GuNns.—One of the 23-ton 
guns, made at the Royal gun factories at Woolwich, was last 
week despatched in the contract lighter Scales, for Shoebury- 
ness, to undergo an experimental test of endurance and capacity. 
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ROTATIVE PUMPING ENGINES: LAMBETH WATERWORKS. 
CONSTRUCTED BY MESSRS. SIMPSON AND CO., ENGINEERS, LONDON. 
(For Description, see Page 274.) 
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FRIDAY, OCTOBER 12, 1866. 
AMERICAN LOCOMOTIVES. 

Tux favourite goods engine on American railways 
is six-coupled, with a bogie, much as designed by Sep- 
timus Norris in 1846, and introduced early in the follow- 
ing year on the Reading and on the Boston and Maine 
Railways. The bogie, or truck, then had four wheels, 
aud the plan became known as that of the ten-wheel 
engine. Hundreds of these are now in use in the 
States, but the plan, so far as we are aware, has been 
adopted in this country only for the very heavy engines 
designed by Mr. J. Kershaw for working the Bhore 
Ghat incline on the Great Indian Peninsula Railway. 
It is'a little remarkable that while one, if not more, of 
our locomotive superintendents is employing steam 
tenders in‘order to gain adhesion beyond that due to 
the whole weight of a six-coupled engine, the Ame- 
ricans have always found the whole adhesion of their 
goods engines more than sufficient for their purpose ; 
while they have always found, also, that the ordinary 
six-coupled engine, even on a wheel-base of but 11 ft. 
to 14 ft., is very trying to their permanent way. It is 
not only that the load upon each wheel is greater 
when a given weight is supported on six instead of ten 
wheels, But the effect also of a pair of leading wheels 
carrying from 8 to 10 tons is far more trying than 
when a swivelling truck’ or bogie carrying from 6 to 
8 tons is substituted. The first ten-wheel engine ever 
made has been carefully measured by the writer, and 
he has furthermore driven it many hundreds of miles. 
It had 16 in. inside cylinders, 20 in. stroke, three pairs 
of 3ft. 10in. wheels, and a truck of four 2 ft. 6 in. 
wheels. The boiler had 10 square feet of firegrate 
area, 564 square feet of firebox surface, and 141 tubes, 
1} in. in diameter and 104 ft. long, giving 678 square 
feet of external tube surface. The extreme wheel-base 
was about 17 ft. 6 in., and the whole weight about 21 
tons, of which about 16 tons were upon the coupled 
wheels, It will be observed that the wheels were 
small, and the cylinders comparatively large. Indeed, 
for each pound of mean effective pressure of steam on 
the pistons, the engine exerted the same steam tractive 
force as it would have done with 17 in. cylinders, 2 ft. 
stroke, and 5 ft. 2in. driving wheels; but the small 
adhesion weight of 16 tons appears very little for such 
dimensions. This engine, however, slipped its wheels 
but seldom with 100 lb. steam, and the case is the 
same with eight coupled American engines havin 
19in. cylinders, 22in. stroke, 3 ft. 7 in. wheels, oe 
having an adhesion weight of 24 tons. The last de- 
scribed engines draw loads of 110 loaded coal wagons, 
each weighing 74 tons, or 825 tons in all, besides the 
tender, on ty | levels, the speed being on the average 
ten miles an hour, rising to twelve miles between 
stations. Yet, in the case of the last named engines, 
the leading pair of coupled wheels have been removed, 
and a pair of still smaller carrying wheels substituted 
in their place, — but about 19 tons for adhesion. 
In mentioning such low adhesion weights—and we are 
giving these from prolonged personal acquaintance with 
the engines themselves—it should be understood that 
the engines have in all cases sandboxes—like those 
now in use on the North-London Railway—and with- 
out which indeed the engines of that, as well as of the 
American lines, could not do the work now put upon 
them. 

> 1857 the four-wheel Bissell truck was first used, 
and it has now taken the place of the ordinary pivot- 

















ting truck on most American railways. While Mr. 
Bissell was preparing to introduce his invention upon 
English lines, the writer suggested to him (in 1857) 
the importance of making ‘a two-wheel truck, and 
— out how easily this could be done where the 
ogie frame was supported, as in the case of the 
Bissell arrangement, at the joint of a long-radius bar. 
The two-wheel truck soon afterwards came into use, 
and it is now extensively adopted in the States for six 
coupled goods engines. By a later improvement, that 
of Mr. William 8. Hudson, the engineer of the Rogers 
Locomotive Works, the springs of the leading pair of 
coupled wheels are connected by compensating levers 
to the truck, so as to afford the same ease of motion 
which is obtained by the compensating levers between 
the i * of the middle and hind pairs of .coupled 
wheels. Instead of connecting the front ends of the 
springs of the leading pair of coupled wheels directly 
to the frame, they are connected to the ends of a 
transverse beam beneath, but having’ no direct con- 
nexion with the frame, and which ‘beam spans the 
width: of the engine. A single compensating beam, 
extending longitudinally, and ‘having its fulerum under 
the smoke-box, is connected at one end to the centre of 
this transverse. beam, which is behind the cylinders, 
and at the ‘other to the pintle or centre pin of the 
bogie, which is placed well forward of the cylinders. 
The bogie having but two wheels, its pintle is placed 
exactly over its axle, which is of steel, with journals 
5 in. in diameter and 8$in. long. This ‘pintle having 
a certain slight vertical motion, according to the con- 
aition of the road and to the yield of the springs, it 
slides, to the extent of this motion, through a fixed 
guide collar in the front. foot-plate, in front’ of the 
smoke-box, this guide collar being seeured between 
the main side framing of the engine. The weight 
transferred to the pintle is received through a block of 
india-rubber upon a heavy transverse cast-iron beam, 
which rests, through the intervention of swing links— 
in the manner of the “ swing beams”: of the American 
railway passenger carriages—upon the Bissell truck, 
below. We are quite aware of the difficulty of follow- 
ing a verbal description of this kind; but if we learn 
that it is not understood, we will obtain and publish 
drawings of the compensating arrangement. It is in 
use on a large number of heavy engines, and it affords 
remarkable ease of working to the bogie, while it se- 
cures singular steadiness for the front end of the engine. 
It will be seen that if the single compensating lever 
has its fulcrum in the middle of its ath, it must 
transfer twice as much weight to the front coupled 
wheels as to the truck ; for its front end rests directly 
over the centre of the truck, while its rear end is con- 
nected to the front end of a pair of springs, resting at 
the middle of their length upon the front axle of the 
coupled wheels. This fact, with respect to the distri- 
bution of the weight, appears self-evident; but we 
cannot reconcile with it the reported weights of 
engines fitted with the Hudson modification of the 
Bissell truck. These engines we will now briefly de- 
scribe. Ten of them, built for the Erie Railway, of 
6 ft. gauge, and numbered in that company’s list 328 
to 337 inclusive, were delivered in October, November, 
and December last, by the Rogers Locomotive and 
Machine Works. ‘They have outside cylinders, +18 in? 
in diameter by 24in. stroke, the cylinders being laid 
horizontally, and having their centres 8 ft. 14 in. 
apart across the engine. They have six coupled wheels, 
4 ft. 9 in. in diameter, and a two-wheel Bissell truck of 
2 ft. llin. wheels. ‘The boiler is intended for anthra- 
cite coal, and has a firebox 9ft. long outside and 
8 ft. 24 in. long on the grate, the grate being formed, 
as the grates of all successful anthracite-burning 
engines now are, of water-tubes. This grate. slopes 
very gently downward from the firedoor, the rate of 
inclination being very much less than that in Mr. Cud- 
worth’s very long fireboxes in this country. The hind 
pair of coupled wheels is peo wholly under the fire- 
box, the centre of the hind axle being about 3 ft. for- 
ward of the hind side of the firebox. The coupled 
wheels cover a base of 14 ft. 9in., the hind and front 
coupled wheels being each 7 ft. 44 in. from the drivin 
axle. ‘The total wheel-base, from the hind couple 
wheels to the Bissell bogie, is 22ft. 3$in., and 
with this length the engines work easily through curves 
of 799 ft., or a little more than twelve chains radius, 
notwithstanding that the gauge of the way is 6 ft. 
The front coupled wheels barely clear the hind covers 
of the cylinders, and the radius of the Bissell radius 
bar. is 5 ft. 2 in. The coupled wheels have 3 in. 
Krupp’s steel tyres, the middle or driving wheels having 
no flanges. Going back to the boiler, we have already 
given the length of the firebox, a length which has not 
perhaps been yet exceeded in locomotive practice. 





The barrel of the boiler is formed of four rings of 3 in. 
se arranged telescopically, the outer diameters 

eing successively from the firebox-51} in., 50} in., 
493 in., and 49in. The fircbox tube-plate, of copper, 
is placed 6} in. forward of the front plate of the inside 
firebox, and this recess may, perhaps, be called a 
“combustion chamber.” The boiler contains 185 iron 
tubes, and only iron will withstand the action of an- 
thracite coal. These tubes are 2in. in diameter, and 
11 ft. long. 

In the * annual report of the directors of the Erie 
Railway Company, the principal dimensions, weights, 
and cost of repairs of all their engines are given, in a 
form first fixed by the writer (Mr. Colburn) when in 
the service of that company in 1851. The engines 
just described are entered.in this form as weighing 
(in working trim) 87,066 lb., or say 38} tons, .while 
the weight on the coupled wheels is given as 65,300 lb., 
or a little over 29 tons. We cannot understand how, 
from the arrangement of the axles, so mugh weight— 
94 tons—can come upon the truck axles, and without 
writing to the locomotive superintendent of the line, 
Mr. H. G. Brooks, we will ask him, here and publicly, 
to send us the results of his own weighing. 








FAMINES IN INDIA. 


Famings, such as that which is now making such 
terrible havoc in India, are unfortunately nothing un- 
common in that country, although it cannot be denied 
that the occurrence of such a calamity at the very gates 
of the city of Calcutta reflects but little credit‘on the 
administration by which the country has been governed 
for upwards of # century. It is not long since the 
whole subject of famines’‘was most ably discussed, and 
protective measures, in order to guard against their 
recurrence, suggested, after the occurrence of a similar 
visitation in the North-Western Provinces, during the 
year 1860-61. The three following were then declared 
to be the most important elements of the general ques- 
tion : 

Ist. The land-revenue settlement. 

2nd. The irrigation system in general. 

3rd.-The system of internal communication. 

And it may be shown that on the present occasion the 
same points bear largely upon the chief subjects for 
comment. 

The works of the East India Irrigation Company 
have been so far advanced that water was available to 
some extent for irrigation, but, owing to the absence 
of any permanent land settlement in Cuttack, although 
the other districts of Bengal all have a permanent 
settlement, the people ‘have feared to irrigate their 
lands lest that should be seized upon by Government 
as a reason for increasing the present assessments, and 
they have thus, as it were, consented to endure in- 
creased hardships rather than give an excuse for the 
imposition of any greater ‘tax on their land. With 
reference to the famine in the North-Western Provinces 
(where there was a thirty ‘years’ settlement made about 
twenty-five years ago), Colonel Baird Smith wrote as 
follows: “‘ Foremost among the meaus whereby society 
“in Northern India has been so strengthened as thus 
“to resist, with far less suffering, far heavier pressure 
“from drought and famine in 1860-61 than in 1837-38 
“T place the creation, as it may almost literally be 
“called, of a vast mass of readily convertible and easil 
“transferable agricultural property, as a direct somal 
“of the limitation for long terms of the Government 
* demand on the land, and the careful record of indi- 
“vidual rights accompanying it, which have been in 
full and active operation since the existing settle- 
“ments were made.” Thus the existence of a long 
settlement did, in that instance, actually mitigate many 
ofthe horrors of the famine, but in some districts of 
Bengal, as we have already stated, the want of such a 
measure tended directly to increase the calamity. 

The Madras Atheneum of 27th July last stated that 
the tanks and wells which had not yet been exhausted 
would necessarily become so very shortly, and that 
save where the few great hydraulic works still fur. 
nished some supply to adjacent districts, the ultimate 
results will be appalling beyond description. Had such 
works been construéted throughout the length and 
breadth of the country, wherever natural facilities pre- 
sented themselves for the purpose, as Sir A. Cotton 
and so many others have vainly urged for thirty 
years past, how different a story might now have been 
told. It is to be hoped, however, that the occurrence 
of the present horrors will at least awaken the chief 
rulers of India to the absolute necessity of vigorous 
and widespread action, and foremost amongst their 
undertakings must ‘be the - extension’ of irrigation 
works. Ifthe Government still persist in a refusal to 
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undertake such works by means of loans, there seems | He advocated extensive irrigation, making the canals 
to be no alternative but that they should entrust their | for irrigation a means at the same time of transit and 
the distribution of food. No famine had occurred in 


execution to private companies. In Cuttack the East 
India Irrigation Company have been the means of 
affording a certain amount of relief by giving employ- 


| used the means within our power, the calamity would 


ment on their canal works to the starving population, 


and how much greater might not that relief have 
proved had that company also been entrusted with the 
execution of the Soane Canal project in Berar, for which 
they have since, some time tock, been soliciting per- 
mission from Government. 

It requires no argument to show how a complete 
system of internal communication may tend to prevent 
future famines, or to mitigate the horrors of such a 
calamity should it arise; for it has almost invariably 
been the case that when famines existed in one district, 


another district at no great distance off has been suf- | 


fering from a glut of grain in the bazaar, and thus, while 


grain has been rotting in one district, people have | 


been dying of starvation in another, and all required | 


to enable the one district to supply the wants of the 
other has been facility of transport. 

In addition to the formation of relief committees 
throughout the stricken districts, Government has 
sanctioned the expenditure of six lakhs of rupees for 
the construction of certain works, with a view to give 
employment to the suffering population, and thus all 
the able-bodied natives are made to work. 


| cubes, an inch on a side, and the powder now used in 


us all} “work” into the shot than a pound of English powder 
OF this | 


sum, 69,000 rupees has been appropriated to works on | 
the Cuttack and Ganjam and Cuttack and Poorce | 


roads, five and a half 
certain lines of railway feeders already in progress, and 


other small sums for expenditure in other works, con- 


sisting chiefly of roads and tanks, in the districts of 


Midnapore, Balasore, Nuddea, and in the Behar cirele. 
In Madras, also, sanction has been given to the expendi- 


lakhs to the construction of | 
| hardly explain to those who are in the habit of reading 


|livered upon a target (after deducting the work ab- 


ture of any such sums as may be required for the pur- | 


pose of hiring labourers on public works. But the 
work performed under such circumstances must, of 
necessity, be very expensive ; as a proof of which we 
may quote from the report on the famine of 1860-61, 
by Colonel Baird Smith, wherein he remarked: “ It 
* was impossible to look at the excessive proportion of 


} 
} 


| and if it had a velocity of 1200 ft. per second, it would 


* worn and wasted frames among the crowds of work- | 


* people, and to suppose that out of such more than a | 


* very small amount of labour could be taken. The 
work generally was very irregular in form, scarcely 
admitting ol any accuracy of measurement . but I saw 
no cause to question the correctness of the statement 
made to me, that the eost of the work was rather 

* more than quadruple that of like work executed under 

‘ ordinary conditions.” But the loss to Government, 

in a direct pecuniary way, occasioned by such famines 


| 
| 


/gun to be fired when standing upon its 


is not limited to three parts of such sums as may be | 


so expended in giving employment to the people. There 
must also be taken mto account the necessary remis- 
sions of land revenue, which, in the famine of 1860-61, 


| 


|really a little more, then a shot having an initial 


India since we had been én India, in which, if we had 


not have been so far modified as to be a mere shadow 
of what it had always been and what it was at this 
moment. He described the works which were neces- 
sary to be weirs and canals, to lead the water from the 
rivers, as it is led in England to turn mills, and tanks 
formed by throwing embankments across valleys to 
store up water. He proceeded at great length to 
show the practicability of such works, and contended 
that they would not only prevent much human suffer- 
ing, but would bring back ample payment in increased 
commerce with this country. 


CANNON POWDER. 
We are accustomed to hear that the American 
eannon powderis slow burning, and not nearly so strong 
own. Rodman’s cake powder was made in 


as our 
the 15in. guns is nearly as coarse as peas. But the 
dynamic value of this powder, as fired from these guns, 
considerably exceeds that of our own. In other words, 
each pound of American cannon powder puts more 


does in the case of our 9 in. guns, or indeed in any of 
our guns. By “work” we mean the product of the 
weight of the shot into the height to which its initial 
velocity would carry it iz racuo, Wesuppose we need 


this journal, that the work put into a shot is as the 
square of its initial velocity, and that the work de- 


sorbed in breaking up, or deforming, or heating the 
shot) is as the square of the striking velocity. Taking 
g, for convenience of calculation, as 32, although it is 


velocity of 800 ft. per second would rise iz vacuo to a 
height of 10,000 ft., or nearly two miles from the earth, 
rise 22,500 ft., or upwards of four miles high. If the 
shot weigh 100 lb., then the work put into it by the 
powder at these respective velocities is respectively 
1,000,000 and 2,250,000 foot-pounds, being the pro- 
ducts of the weight of the shot into the heights to 
which its initial velocity would carry it, supposing the 

Coal and 
supposing no atmospheric resistance to be encountered 
by the shot. 

Now each pound of our cannon powder, as fired in 
our large rifled guns, has a dynamic value of about 
170,000 foot-pounds, the value ranging a few thousand 
foot-pounds above and below this standard. Thus, in 
the late experiments at Shoeburyness with a9 in. rifled 
gun, 431b. of powder gave to a 250 Ib. shot an initial 


good as our own. For the work done by powder 
depends, not entirely upon its quality, but very much 
upon the gun in which it is used. The bore of the 
15 in. gun affords nearly three times the space for the 
expansion of the gases that the bore of our 9 in. gun 
does, and it is obvious that the increased expansion 
contributes to the work done, just as expansion, under 
favourable conditions, adds to the duty of a pound of 
coal in the steam-engine. In the case of the 15 in. 
gun it is reported that the imitial pressure of the 
powder gas, on firing the shot, was 17,000 lb. per 
square inch; but we doubt how far any apparatus can 
be relied upon to measure what is, we think, more a 
blow than pressure, as the term is understood. But 
we may adopt one conclusion, which is, that 46 lb. of 
powder can be burnt with far less strain upon the gun 
when fired in a chamber 15 in. in diameter, and 
against a round shot of 432 lb., than when fired in a 
chamber only 9 in. in diameter, and against a long 
rifle shot of 250 Ib. To give both shot the same 
initial velocity, within the same length of the bore of 
the gun, the requisite mean pressure per square inch 
in the larger gun would be less than two-thirds that in 
the smaller gun, the exact ratios of the pressures being 
as 1 to1.6. On the other hand, none will suppose that 
a 15 in. round shot, no matter of what material, would 
be as effective in penetrating armour as a long pointed 
steel or chilled (Palliser) shot. In the case of the 12 in, 
Rodman rifle, firing a 620 lb. shot, the strain was 
necessarily much greater than that in the 15 in. smooth 
bore. The initial “ pressure,’ as the American ord- 
nance engineers like to call it, is not reported, but we 
have no doubt it was sufficient, if the charges were 
often repeated, to burst any cast-iron gun ever made. 

While we are upon the subject of cannon powder, we 
may remark that the French and Italian powder is un- 
questionably inferior to our own. We never obtain full 
particulars of their ordnance experiments as they do of 
ours, but we know that the French have 12 in. hooped 
cast-iron rifle guns, which they fire with 600 1b. shot 
and 60 lb. charges of powder; and we know that the 
Italians have 32- tod we of the English pattern, cast 
at Lowmoor aid afterwards rifled, which they are 
firing with 100 lb. shot and 18 lb. of powder, our » Mino 
being 8 lb. for the same piece with a round shot, while 
with a long heavy rifled shot, and considering also the 
weakening of the gun caused by rifling, we should not 
venture upon more than 6 1b. of powder for the piece 
in question. We may observe, in conclusion, that 
nothing is more difficult to obtain than full particulars 
of the performance of the ordnance of other countries, 
but that the fullest inquiry should be given to the sub- 
ject. At present we believe we are ahead of them all 
in the power of our ordnance, and we will not except 
the American 15 in. and 20 in. guns. 








A STROLL THROUGH PARIS. 


Wirn that utter contempt of Continental engineer- 
ing, which I thought becoming in a member of the 
profession born and bred in England, I set out fora 
tour through the French capital, in order to see any- 
thing that might be remarkable, through its absurdity 


amounted to forty lakhs of rupees, and on the present | velocity of 1360 ft. per second, which would have car- 
occasion will doubtless amount to a very considerable ried it 28,900 ft. high ix vacuo. Multiplying this height 
sum. Had such an amount as will represent the loss | by the weight of the shot in pounds, and dividing the 
to the State, in consequence of the present famine, been product by the weight of the powder charge, we find 
judiciously expended on some of those irrigation | the dynamic value of each pound of powder to have 


schemes which have for years past been before the 
Government, a great portion of the existing calamity 
might doubtless have tens averted; but it is too late 
now to comment thus on the omissions of the past. 
Let hope that Government will earnestly and 
honestly beg er to guard against such visitations for 
the future. i 
ing profitable investment, and India still affords a very 
wide field of operations. Let the Indian Government 
then at last resort to the often proposed plan of a special 
loan for the purpose of constructing irrigation works in 
India, and let them encourage other agency, such as 
is so well supplied by the Madras and the Kast India 
Irrigation Companies, to assist in the extension of suc 
works. No time is to be lost, for it is impossib] ) 
foretell how soon a repetition of famine may ¢ 

and if self-interest be no inducement to the ( 

ment, in the name of humanity we would u 

matter upon them, and as a duty which can 

be neglected with impunity. 

Since the above was written, a paper t 
Major-general Sir Arthur 
Social Congress Manchester, 
Bazley, M.P., in the chair. The of 
length, and after drawit ra terrible picture ol t 
of life caused by the p is well a 


and they sueceed each other in 
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‘otton 


nt 


ject by 
at the 


his | 
science 
paper was 
é esenut S previc 
mines India at i 
vals of only about ten years), the writer cont 

that this sacrifice of life is to a great extent pre 

ble, if the Government would only provide the m« 
The cause was generally the want of water ; but 

fell in ample quantities, and would be available only ii 


the proper means were taken to store and distribute it. | facts, they go to show that the former is at least as 


| 
| 


There is abundance of capital now seek- | 
| the bore of the gun being 15 in., had an initial velocity 


| the initial velocity was, in three successive discharges, 


been 168,000 foot-pounds. 

A series of important experiments is now being 
carried on at Fortress Monroe, U.S., to test the effect 
of the 432 Ib. round shot and 620 Ib. rifled shot 
against granite protected by armour plates. The 
results have been published in this country, and we 
find that the 432 Ib. shot, fired with 46 1b. of powder, 


of 1155 ft. per second. With a 620 1b. projectile fired 
with 55 lb. of powder from the 12in. Rodman rifle, 


1020 ft., 1079 ft., and 1103 ft. per second. Without 
stopping to inquire why the initial velocities rose with 
each discharge, for at least two discharges, we will 
note that the dynamic value of each pound of the 
powder as fired in the 15 in. gun was 195,800 foot- 
id that in the first fire from the 12 in. rifle 
(1) foot-pounds, and in the last fire 214,670 
We are not here going into the question | 
material of the shot, nor into that of 
or penetrating effect produced ; but we 
; y, that never in English gunnery prac- 
ave vy charges of powder given such high 
dynamie values, as measired by the mechanical work 
mut into the shot, as were ascertained in the case of 
xperiments at Fortress Monroe. We have had 
asion to follow this subject, and we may add that 
any other recorded American experiments show even 
gher values, so that those just instanced are not at all 
exceptional. 
These results do not prove, however, that American 
powder is better than our own; but, taken with other 


pounds, 
was LS3.! 








and folly, in the way of engineering designs or struc- 
tures. 

There was not much to be pitied nor ridiculed in 
the general appearance of private and public buildings ; 
but that is en to the advancement of architecture, 
which does not strictly form a branch of engineering; 
and with regard to this, it is pretty generally acknow- 
ledged that France takes the precedence of all modern 
nations. The aspect of a newly built house or church 
at Paris has something peculiar about it, which 1s solely 
due to the character of the building material— 
viz., the white sandstone of Montmartre, and to this 
material more than to anything else the advancement 
of French architecture may be due. This sandstone, 
found in the mersecwane te of Paris, and formerly ex- 
cavated from those subterraneous parts under the 
Quartier and Palais Luxembourg, called the catacombs, 
but now carried to the town from a greater distance, 
is a perfectly homogeneous mass of considerable 
strength and solidity, but of extreme softness, so that 
it can be eut with a steel tool without the slightest 
difficulty. It is therefore hewn in large blocks and 
completely squared and planed on the surfaces, and cut 
to any shape required in forming arches and other more 
or less irregular forms. Its formation being not of a 
voleanie nature, it contains extremely little soluble 
silica, and it therefore enters into no chemical combi- 
nation with the mortar, which is used in small quanti- 
ties only, and the walls do not, therefore, grow together 
into solid masses like brickwork in combination with 
mortar in the course of time. It is, therefore, per- 
fectly feasible to pull a Paris stone house down, and 
erect a new one from the same materials, without 
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any considerable loss in the quantity of stone. 
This facilitates the frequent reconstruction of old 
houses, and the altering the course of whole streets. 
It also aids the growing taste for modern and fine-look- 
ing structures, and promotes attention by architects 
and builders to the requirements of beauty. The 
sculptural details, and even the plain straight-lined 
ornaments which appear as projections upon the stone 
walls, are all cut out of the solid stone after the house 
is completed in its masonry. The stones are hewn and 
Seauel to the rough square outlines of any mouldings, 
ornaments, or sculptural details which are to appear 
on the wall. The design is then made with pencil 
upon the stone, and from this the oe works with 
mallet and chisel, or the mason cuts the straight-lined 
forms out of the stone with a planing tool very similar 
to a joiner’s plane. The consequence of this facility 
of cutting all forms out with the utmost clearness and 
nicety is that peculiar appearance of buildings in 
Paris, which has often been compared to ivory 
carvings. No doubt, such great facilities in carrying 
out the designs must have made French architects 
bolder and more skilful in their operations, and have 
raised the standing of this art in France. But, in 
order to judge of the material development and the 
degree of civilisation of a town, an engineer does not 
look to houses and buildings as they stand above the 
street ; his searching eye tries to ascertain what is 
below the level of its pavement. Paris underground, 
compared with London at the same level, certainly 
looks to a disadvantage. There are no subterranean 
railways, nor tubes for parcels, nor tunnels under the 
river, no sewers and subways of such magnitude as 
have been recently completed in London. Still Paris is 
well supplied with water, and the columns of Ey- 
GINEERING have only recently shown by a description 
of the Paris waterworks that these rank among the 
first of their kind in the world. Paris is well supplied 
withgas, although perhaps not so cheaply as London; but 
then coals are much dearer in that town than in 
London. ‘The canalisation of Paris, although far 
fron being complete, is a work of great magnitude, 
and it is said that some of the sewers have 
been built so as to serve for subterranean mili- 
tary passages im cases of need. The streets are 
ample for accommodating the traffic, therefore less 
necessity for underground railways, and in the few 
instances where a railway lies below the level of the 
streets—as, for instance, the Chemin de Fer de l’Ouest 
—an open cutting is preferred to tunnels, and the 
streets cross over the railway on bridges. The inte- 
resting bridge of the Place de Europe, which seems 
to have been incorrectly described and somewhat 
severely criticised in Zhe Engineer, is such a specimen 
of a viaduct for six roads crossing upon the bridge, 
which replaces four tunnels previously in existence on 
that spot for the different lines of the Gare de POuest. 
There is certainly one peculiarity about most engineer- 
ing structures in France, and this is, that beauty of 
appearance ranks higher in the estimation of engineers 
than economy of construction. 

So much for the one branch of the profession in 
France ; the mechanical line is not unworthy of its 
sister profession. Paris manufactures are considerably 
embarrassed by a high coal-tax ; nevertheless, Paris is 
a great centre of mechanical engineering in France, 
and some of its factories, like Cail’s, Gouin’s, and others, 
are well known. The treaty of commerce has con- 
siderably benefited the machine trade, and it seems 
that particularly one provision has been very success- 
ful in that direction. This is the permission to import 
pig iron free into France, on condition that the manu- 
factured articles corresponding to the quantity imported 
are re-exported from that country. This is worked 
with a little stretch of interpretation, in such a manner 
that anybody who exports manufactured iron machinery, 
&c., from France, obtains the right to re-import an 
equivalent quantity of pig iron, whether he requires it 
for his manufacture or not. 

Such permissions are given out as passes on export- 
ing the manufactured goods, and they are afterwards 
sold in the market, where they always fetch a price 
within one or two per cent. of the value of import duty 
on the quantity of pig iron they represent. This acts 
as @ premium upon the export of machinery, or rather 
it places the manufacture of ironware and machinery for 
export from France upon the level of absolute free 
trade. 

Absurd things, in the true sense of the word, I have 
Seen none as yet, with the exception of the one I had 
brought with me from England, and that is the notion 
that there is nothing to be learned from the accumu- 
lated engineering experience of a great nation, and 
from the works carried out by its professional men. 


Je 





THE NORWICH BOILER EXPLOSION. 

THE recent boiler explosion at Norwich occurred on 
the premises of Mr. Stark, who carried on, in one part 
of his factory, the business of a dyer and finisher of 
goods, and in another part the manufacture of artificial 
manures and of oil-cake. The boiler which exploded 
was ordered, at the close of 1865, ofa firm of Norwich 
engineers, who, however, were not boiler manufac- 
turers, but had the boiler made by a Lincolnshire boiler- 
maker, the Norwich firm of engineers providing the fit- 
tings. Mr. Stark, it is stated, made no other agree- 
ment with them in reference to the boiler than that it 
should be a 20-horse boiler of the very best workman- 
ship and materials, and capable of working safely at 
1001b. to the inch. The boiler was 20 ft. long, 4 ft. 
6 in. diameter, and had a single internal fire-tube, 2 ft. 
6in. diameter; it had also a steam-chest. The shell 
and flue-plates were Zin. thick, the end-plates # in. ; 
the ends were stayed by longitudinal tie-bolts extend- 
ing from end to end of the boiler. All the plates were 
double rivetted; the total lap was 44in., the rivets 
24in. apart, centres measured on the zigzag; the 
rivets were }1 in. or fin. diameter. ‘The allowance at 
their point for hammering over to make the rivets ap- 
peared to have been small, so that the rivet did not 
project much, and the lap was not very well supported 
to resist the caulking. The shell of the boiler was in 
six rings of plates, and each ring was made of two 
plates. Counting from the fire end, the longitudinal 


sides of the boiler, while those of the second, fourth, 
and sixth were at the top and bottom. The safety. 
valve (a single one, 4in. in diameter) was on the first 
ring, the man-hole in the third, and the steam-chest in 
the fifth. The front of the boiler was fitted with two 
water-gauges, and there was a Bourdon’s steam-gauge 
and an injector. On the fire-tube was one of Allen 
and Harrison’s fusible plugs, which, it is stated, will 
yield either from want of water or from excess of 
pressure. - With the exception, therefore, of the want 
of a second safety-valve, there does not appear to have 
been anything of which to complain in the provision of 
fittings made by the Norwich firm of engineers, and it 
will be found there is not any reason to suppose that 
the want of a second safety-valve had anything to do 
with the explosion. 

The boiler was seated on the ground level, the seat- 
ing was of a very usual design, viz., one in which the 
fire-flue draft. divides and comes along the two sides 
towards the front, and then dips below the bottom and 
returns to the chimney. The line of the boiler was 
parallel with the side walls of the building which con- 
tained it; one of these was the external wall of the 
building towards Duke’s Palace-street, the other was 
a 1ft. 6in. partition wall between this building and 
the adjoining dye-house. The boiler was immediatel 
alongside the partition wall, at the other side of which 
were three coppers for dyeing, fired with their own 
fires and having each a separate chimney, and in the 
dye-house were other fired coppers and also certain 
vessels heated by the steam from the boiler. At some 
little distance, and in a room separated by a partition 
wall from the boiler-house, was the engine; this was a 
horizontal high-pressure engine, of about 10 in. diame- 
ter of cylinder by 1 ft. 8 in. stroke, and drove the edge 
runners and hydraulic presses of the oil-cake factory 
and also a small pair of flat stones used for crushing 
seed. The boiler was delivered early in 1866, and was 
seated and got to work in April. At the end of June 
the premises were struck by lightning and a fire broke 
out. This did not in any way injure the boiler, but Mr. 
Stark took the opportunity of the work being sus- 
pended to have the brickwork removed, and the boiler 
proved with water pressure and caulked. The boiler, 
it should have been stated, leaked at many of the seams 
of the shell ; and on the very Sunday that the building 
was struck by lightning, the engineers had arranged to 
send a man to caulk the boiler. At the end of July 
the boiler was again put to work, and worked up to 
Tuesday, the 25th of September, the day of the explo- 
sion. It is stated that on the morning of the explosion 
the engine had been driving the pumps of the hydrau- 
lie presses and also the small pair of flat stones for 
seed-crushing, and that the edge runners were out of 
gear. Steam also had been supplied to the dye-house 
and to the seed-kettles. This had been done with 
about 45 lb. of steam, and had been the condition of 
things up to dinner-time, at which hour the engine 
was stopped. ‘The stoker, who alone out of the eight 
seriously injured men now survives, was getting his 
dinner in the stoke-hole, one of the workmen had gone 
to sleep close by the boiler, and, unfortunately for 
them, several of the men in the dye-house were 
at work during the dinner-hour at the coppers 





near to the wall which separated the boiler-house 





joints of the first, third, and fifth rings were at the’ 





from the dye-house. About half-past one the stoker 
looked at his gauge and found the pressure about 75 lb., 
and then sent to take the flat stones out of gear with 
the engine and to put the edge-runners in. These 
edge-runners, it appears, required about 80 lb. of steam 
to drive them. While the man was in the act of —— 
the driving wheel of the edge runners into gear, an 

before the engine was started, the explosion took place. 

The results of this explosion were most serious both 
to life and property : six men were killed on the spot or 
died within a few hours of their removal, and a seventh 
expired on the Saturday after the accident, while the 
stoker was so severely injured that even now his re- 
covery is doubtful. The pecuniary loss has also 
been great. The partition wall between the boiler- 
house and the dye-house was blown down, and in its 
fall let down the two roofs which had rested on it, the 
chinmeys of-the dye coppers were also thrown down, 
and the counting-house and side walls towards Duke’s 
Palace-street made a complete wreck. After the 
explosion the boiler was found to have moved for- 
wards about 10 ft., and sideways about 3 to 4 ft. ; its 
motion in this direction having been restricted by the 
force being expended in throwing down the partition 
wall. The boiler had also made a movement of rota- 
tion of a little over 90°, so that the steam-chest lay 
rather below the horizontal line. The part of the 
boiler which had yielded was the whole of the third ring 
of plates, which was separated entirely from the rest 
of the boiler, and (the two plates which made the ring 
still remaining united) it was blown to the right hand 
across the width of the dye-house. 

Mr. Fletcher, the chief engineer of the Manchester 
Boiler Association, Mr. F. J. Bramwell, of Great 
George-street, Westminster, and Mr. Walter May, of 
Birmingham, were sent for to inspect the remains of 
the boiler, and to endeavour to ascertain the cause of 
the explosion. These gentlemen found the boiler in 
the position stated; they also found the safety-valve 
free in its action, and the fusible plug uninjured, and 
not the slightest sign of heating on the flue. They 
found on the edge of the longitudinal seam of the = 
which had blown away a part which looked to have 
been fractured for some time, and this opinion was 
corroborated by the fact that on the day preced- 
ing the explosion, moisture appeared on the brick 
seating immediately opposite this seam. Mr. Stark 
observed this moisture, and at once sent for the 
engineers, who said that they thought it was a leak 
that could be caulked, but that there was no danger, 
and no need to stop until the end of the week, It 
seems that, on considering the appearance presented 
and the evidence given, Messrs. Fletcher, Bramwell, 
and May were unanimously of opinion and came to the 
conclusion that there had not been shortness of water 
nor undue pressure of steam, but that the explosion 
arose from the bad quality of the plate which gave way, 
that this plate was brittle, that there had been a crack 
in it at the longitudinal seam for some time, that this 
crack had extended little by little until that seam gave 
way, and that then a severe strain equivalent to that 
exerted by a flat catenary curve (as shown by the 
shape the plates now have) was brought on the cir- 
cumferential seams at the sides of the plates and ripped 
those seams open in succession, tearing through the 
plates and shearing off the sides of the rivet points. It 
is pretty manifest from the motions of the boiler that 
there must have been an escape at the left-hand side, 
and pointing upwards, which caused the boiler to make 
the partial rotation and to move to the right hand; 
and further, fhat as three rings, or one-half of the 
boiler beyond the exploded part, had to be emptied 
of their contents, while only two ripgs, or one-third, 
were between the exploded portion and the fire- 
end, the preponderance of force would drive the 
boiler forward. Search was made on the boiler for 
the brand on the plates. In the flue the Lowmoor 
mark was found, but in the shell no mark up to 
the time of the inquest had been discovered, except 
on the plate that hel given way, and on this was 
the single word “ Boiler.” During an adjournment 
of the inquest, portions of this plate were cut out 
and tested, and found to be very brittle. The foreman 
of the actual maker of the boiler, who gave evidence at 
the inquest, said he should not have used such a plate 
had he detected the quality of it; he stated that the 
intention was to use plates of the make known as 
‘‘ Best Crown Boiler ;” this appears not to have been 
done as regards the plate which gave way, as this has 


on it only the brand “ Boiler.” The foreman stated 
that the boiler had been proved to 2401u., and that 
200 Ib. had been kept on it for two days, and that eve 
pains had been taken to insure good work. We inad- 
vertently stated, last week, that the boiler had been 
tested to but 100 Ib. 
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COMPOUND MARINE ENGINES FOR THE DANUBE STEAM NAVIGATION COMPANY. 


CONSTRUCTED BY MESSRS. ESCHER, WYSS AND CO,, ENGINEERS, ZURICH. 
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Tue Steamsnir DeutscuLanp.—This fine vessel, built and 
engined by Messrs. Caird and Co.. of Greenock, for the Bremen 
and New York station, has been tried on the Clyde. The 
Deutschland is a steamer of about 3000 tons gross, and she is 
propelled by direct-acting inverted cylinder engines of 500 horse 

ower. Her dimensions are: Length of keel and fore rake, 
325 ft.; breadth of beam, 40 ft.; and depth of hold, 33 ft. 4 in. 
Her main and second cabins are fitted to carry 200 passengers, 
while the steerage berths are 600 in number; she will also be 
able to carry 1200 tons of cargo, exclusive of fuel and stores. 
She is owned by the North German Lloyd’s Steamship Company, 
und is intended for their line between Bremen and New York, 
vid Southampton. The Deutschland was built and engined by 
Messrs, Caird and Co., of Greenock, an.\ she is the sixth vessel 
completed by them for the Bremen line. Messrs. Caird have 
also two other vessels for the same company in a forward state. 

Krurr’s Steet Works.—In 1865 there were employed 400 
furnaces for melting, heating, and puddling ; 160 steam-engines 
of 5863 horse-power; 42 steam-hammers, from 50 tons down; 
110 forge chimneys; 586 machine tools, lathes, planers, &c. ; 
8187 workmen, exclusive of about 2000 more at the mines. 
The consumption of coal was over 1000 tons per day; water 
200,000 cubic feet ; and gas (8000 burners) 280,000 cubic feet. 
The “ 
There are within the works 12 miles of railway track, upon 
which 4 locomotives and over 100 cars are employed in the con- 
veyance of material. The dimensions of the * centre shop” are 
250 ft. long, 72 ft. broad, and 90 ft. high. This shop is 
furnished with a crane capable of lifting 80 tons. There is in 
course of erection a 125-ton steam-hammer, depth of foundation 
90 ft. ; weight of bed-plate, 500 tons in one casting. 





plant” covers 450 acres, of which over 50 are under roof. | 


(Described in our last Number.) 
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LANDSLIP ON A Rartway.—A heavy lJandslip occurred; on 
the new line in course of construction between Huddersfield and 
Meltham on Monday week, at a cutting near Butternab, in Lock- 
wood. The cutting, which on the lowest side was about ten 
yards deep, rv s through a rocky soil, which had shown symp- 
toms of slip, 4 during the late rains. ‘The upper part of the 
cutting is e.sut forty yards high, and the lower side forms a 
kind of embankment. The earth on the upper side of the cut- 
ting gave way, coming down with a loud crash, and shaking the 
ground for some distance, filling the cutting, driving away part 
of the lower side, and smashing some trees on the outer slope. 
Over a score of large pieces of rock came down the outer side 
of the cutting. The foot of the bank that slipped was com- 
posed of a bed of slippery shale, which had become saturated 
with the late rains. I is estimated that several hundred tons 
of earth and rock have fallen. Some of the pieces of rock are 
three or four yards long, and almost as broad. 

Gas.—The Commercial Gas Company, whose works are 
at Stepney, have, like nearly all the other London gas com- 
panies, just declared a dividend at the rate of ten per cent. 
per annum. The total capital of the company amounts to 
437,7201. The revenue account for the half-year ending the 


30th of June showed that 74,2807. had been received, and | 


52,354/. expended, leaving a balance of 21,9264. 


Tue New Street to THE Mansion Hovse.—It is now | 


authoritatively announced that this work will be begun with the 
new year. The claims for 225 houses have been settled, and those 
for 111 more remain unsettled. The total length from Black- 
friars-bridge to the Mansion House will be 1150 yards, the 
average width 70 ft., and the estimated total cost 624,000/ 
Very magnificent buildings are to be erected in the new street. 
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Tue Evecrric TeLeGRAPH In 1787— SirBernad Burke 
writes to the 7imes to give an extract, as follows, from Arthur 
Young's “Travels in France,” published in 1794:—“ Oct. 16, 
1787.—In the evening to Mons. Lomond, a very ingenious and 
inventive mechanic, who has made an improvement of the jenny 
for spinning cotton. In electricity he has made a remarkable 
discovery. You write two or three words on a paper; he takes 
it with him into a room and turns a machine enclosed in a 
cylindrical case, at the top of which is an electrometer, a sinall 
| fine pith ball; a wire connects with a similar cylinder and 
electrometer in a distant apartment, and his wife, by remarking 
the corresponding motions of the ball, writes down the words 
they indicate, from which it appears that he has formed an 
alphabet of motions. As the jength of the wire makes no 
difference in the effect, a correspondence might be carried on 
at any distance—within and without a besieged town, for 
instance. Whatever the use may be, the invention is beau- 
tiful.” : 

Armour Piates—Many hundred tons of the heaviest 

armour plates yet used in England, some of them 910. thick, 
have arrived at Chatham for the Hercules. ‘The makers, Messrs. 
John Brown and Co., of Sheffield, have, however, rolled heavier 
plates—their thickness being 13 in.—for.the Russian Govern- 
ment. 
‘lune Hercutes.—The mechanics employed on the Hercules, 
in Chatham dockyard, are working extra hours, morning and 
evening, by order of the Admiralty, for the purpose of pushing 
forward the construction of that vessel, which is, it 1s stated, 
being built more rapidly than any other ironclad ship yet 
structed, either at the public or — shipbuilding establish- 
| ments. So good an example has been much needed. 
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ELECTRIC RAILWAY SIGNAL, LONDON & SOUTH-WESTERN RY. 


BY MR. W. H. PREECE, TELEGRAPH ENGINEER. 


FIC.S. 
<<< 


Tu object of this new apparatus is to prevent the possibility 
of a signalman signalling that the line is clear until the train 
which should control his movements has actually passed his 
box. . The ‘advantages of snch an arrangement are. fully ‘de- 
tailed in another column. There is applied to the switch or lever 
of the railway-signal telegraph apparatus a means of locking the 
handle or lever after it has been used to adjust a signal, and of 
retaining it in a fixed position until released by the action of a 
passing train, which will remove the cause for retaining, say, 
the danger signal in a fixed position. 

Fig. 1 is a back view of the apparatus; Fig. 2 an inverted 
a view, and Fig. 3 a vertical section taken in the line 1, 2, of 

ig. 2. The switch lever apparatus is connected (as shown at A, 
Fig. 4) with the railway by an arrangement of levers and rods, 
which are set in action by the passing train for the purpose of 
withdrawing a restraining bolt applied to the handle or lever of 
the switch apparatus, and thereby leaving-it free to be set in 
action by the signalman. 

ais the handle or lever of the switch apparatus mounted ona 
acentre at b, the bearing for which is insulated by being let 
into a table of wood, c. Fitted to opposite sides of the switch 
handle are the spring clips, a! a', which are intended to em- 
brace the divided bridge or insulated segment plates, dd', con- 
nected by clamping nuts, ee!, to electric wires leading to the 
terminals, ee’, The switch lever is also in metallic contact 
with a wire leading to the terminal, e*. A pin, a, at the lower 
end of the switch lever, a, projects into the forked end of a bell- 
crank lever, /, mounted on the under side of the table, and 
fitted at its opposite end with a spring catch or tumbler, 1. 
As this switch lever, a, is moved it will give a rocking motion 
to the bell-crank lever for the purpose to be presently explained. 
The lower part of the switch lever has a notch cut in its edge 
to receive a sliding bolt, g, by which it is locked in its normal 
position ; this bolt is carried by a slotted guide bar, g', through the 
slots of which screws are passed for securing it to brackets 
attached to the under side of the table. This guide bar is pro- 
vided on its face with a pin, g?, against which the spring catch, 
7’, is intended to strike in one direction of its motion for the 
purpose of driving that bar forward, but on its return motion 
the spring catch slides over the pin. Upon the edge of the 
guide bar is a second pin or projection, g*, through which the 
-ar receives an endway motion in the opposite direction to that 
imparted by the bell-crank. ‘This pin, g’, is acted upon by a 


ndent lever, h, which is itself acted upon by a vertical rock 


ever, , Fig. 4, connected at its lower end to a sliding rod, /; 
this rod, k, is caused to bear against a horizontal lever or switch, ?, 
applied to the railway track, as shown at Fig. 4, and in plan 
bos at Fig. 5, a spring, m, or a weight being used to keep the 

up to its bearing. Supposing now a train to be passing 


along a line fitted with the locking ogres above described | 
1 


° = direction of the arrow, Fig. 5, the switch or lever, /, will 
y the lateral pressure it will receive from the flange wheels 




















give an endway motion to the rod or tracker, &, which will in its 
turn rock the levers, 7 and A, and the latter striking against the 

in on the bar, g!, will drive it and the bolt which it carries 
into the dotted position of Fig. 2.._ The switch lever will there- 
fore-be free to be moved from the-drawn to the dotted position 
of Fig. 3, for the:purpose of operating a distant signal. 

As this apparatus is specially adapted for use with Mr. 
Preece’s block signal telegraph apparatus, in which. the sema- 
phore arm is maintained by.a weight and depressed by the 
action of the electric current, it is used in the following manner, 
viz., the terminal, ¢*, is connected with the earth, the terminal, e’, 
with the battery, and the terminal,e*, with the line wire. “When 
therefore the hand lever is in the drawn position of Fig. 3,'which is 
its normal position, there is no current passing through the distant 
signal apparatus which the switch apparatus is intended to 
control, and the block signal is consequently up; on the other 
hand, when the hand lever is in the dotted position the current 
will pass through the distant signal apparatus, and retain the 
semaphore arm at the depressed position, thereby indicating, 
“line open.” If now the signalman at the distant station, A 
signals to the man at station B, that a train has started from 
A in the direction of station B, the duty of the receiver of this 
signal will be immediately to raise the block signal at'station A, 
this he will do by throwing over the switch lever, B, into the 
drawn position, but in the act of doing this he will cause the 
bell-crank lever, f, to strike the pin, g*, on the sliding bar, g', 
and throw the bolt, g, into the notch of the switch lever, the 
lever will therefore remain fixed, and be beyond the control of 
the signalman at station B. As soon, however, as the advanc- 
ing train passes the switch or lever, /, and sets the rod, &, and 
lever, i, h, in motion, as above explained, the guide bar, 
g', and bolt, g, will be returned to the dotted position of Fig. 
2, and signalman will then be able to set his switch appara- 
tus in action. If, however, he should delay in communicating 
the proper signal to station A that the line is open no casualty 
can arise, the only inconvenience being the undue blocking of the 
line. 

This apparatus has been in practical operation on the London 
and South-Western Railway for several months, and is spoken of 
very highly by those who have witnessed its action. We have 
referred to this invention in a leading article on page 286, headed 
“ Railway Accidents.” 








Russta.—A change has been made in the engineering of the 
Russian lines, and the French engineers have been relieved of 
their duties. Messrs. Winans have obtained a new contract for 
working the St. Petersburg and Moscow Railway upon terms 
still more favourable to them than their present contract. Four 
hundred locomotives are to be built at the railway works at 
Alexandrowski, near St. Petersburg, and within the last few 
days specifications have been received in London for locomotives 
for the Russian lines. We have latcly called attention to the 


passing between it and the fixed rail be rocked, and it will thus ' present great activity in railway construction in Russia. 





THE KENNET AND AVON CANAL. 


THE canal connecting the waters of the Thames with 
those of the Severn was perhaps the finest navigation 
work carried out by Rennie. But it has become the 
property of the Great Western Railway Company, and 
they have doubled the tolls upon it and allowed its 
works to go to ruin. The canal commences at New- 
bury, at the head of the river Kennet navigation, and 
extends, vid Hungerford and Devizes, to Bath. It is 
57 miles long; its summit is reached on the eastern 
side by 31 locks, overcoming an elevation of 210 ft., 
and the descent thence to Bath is by 48 locks, having 
a fall of 404ft. Gin. It was carried through very 
difficult ground, many slips having taken place during 
its construction, and one of these was no less than 
seven acres of land: The works, too, are important ; 
the summit tunnel of 500 yards is approached by deep 
cuttings ; there are several aqueducts, one six miles 
from Bath being an especially fine work. 

We understand that the traders along the line are 
preparing to obtain, if > adequate parliamentary 
protection for the canal. It is a disgrace to see this 
fine work between the Thames and the Severn allowed 
to go to decay, instead of being improved and adapted 
to steam. But what treatment can we expect from a 
railway company to a canal? How Parliament, in its 
infinite wisdom, ever allowed railways to absorb canals 
is a puzzle to thinking men. Surely State reasons 
should, have induced them to have kept the water 
communication of this country free to compete fairly 
with the only other carriers of goods, 








CORR@SION OF BOELERS. 
‘To THE Eprror or ENGINEERING. 

Srr,—In reply to A. and D., page’261,-in your last number, 
I beg to state that they must cause their mineral water to 
be boiled in an open boiler in order to, expel. the carbonic acid 
and when boiled to run into an open tank in order to cool and 
settle. The clear water drawn off frum the settlement will 
cause no corrosion in the boiler plates. 

There are chemical means which would throw down the im- 
purities, but as -_ would equally require settling tanks, I 
should recommend the boiling process as the most efficient and 
economical. a 

If the mineral water he contaminated with salt, boiling will 
be of no service, and in any case filtering will be utterly useless. 

Any chemist in-the neighbourhood will be able to tell A. and 
D. in a general way what impurities the mineral water contains 
without any expensive analysis. 


Faitbfally yours, 
Reading, Oct. 9, 1866. Henry W. Reveey. 








THE INSTITUTION. OF CIVIL: ENGINEERS. 


THE council of the Institution of Civil Engineers have just 
awarded the following premiums for papers read during the 
session 1865-66. ° : i 3 

1. A Telford Medal, and a Telford Premium, in books, to 
Richard Price Williams, M. Inst. C.E., for his paper “‘On the 
Maintenance and Renewal of Permanent’ Way.” A. 

2. A Telford Medal, and a Telford Premium, in books, to 
John Grant, M. Inst. C.E., for his ‘Experiments on the 


Strength of Cement, chiefly in reference to the P 


Cement, used in the Southern Main Drainage Works.” 

8. A Telford Medal, ‘and a Telford Premium, ‘in books, to 
Edwin Clark, M: Inst. C.E., for his paper on “ The Hydraulic 
Lift’ Graving Dock.” 

4, A Telford Medal to Sir Charles Tilston. Bright, M.P., 
M. Inst. C.E., for his paper on “‘ The Telegraph to India, and its 
Extension to Australia and China.” . 

5. A Telford Medal, and the Manby Premium, in books, to 
Robert Manning, M. Inst. C.E., for his paper “On the Results 
of a Series of Observations on the Flow € ater off the Ground 
in the Woodburn district, near Carrickfergus, Ireland; with 
Rain-gauge Registries in the same locality, for a period of twelve 
mouths, ending 30th June, 1865.” 

6. A Telford Premium, in books, to William Humber, Assoc. 
Inst. C.E., for his nen “On the Design and Arrangement of 
Railway Stations, Repairing Shops, Engine Sheds, &c.” 

7. A Telford Premium, in books, to George Rowdon Burnell, 
p< C.E., for his paper “ On the Water Supply of the City 
of Paris.” 

8. A Telford Premium, in books, to William Ridley, for his 
paper on “ The Grand River Viaduct, Mauritius Railways.” 

9. A Telford Premium, in books, to Theodore Anthony 
Rochussen, Assoc. Inst. C.E., for his paper “On the Main- 
tenance of the Rolling Stock on the Cologne-Minden and other 
Prussian Railways.” 

10. A Telford Premium, in books, to William Hemingwa 
oe M. Inst. C.E., for his paper on “The Craigellachie 

iaduct.” 








Trarric OVER THE Istamus or SuEz.—The Suez Canal 
Company contemplates soon undertaking the transport of cer- 
tain kinds of merchandise; but it seems doubtful whether they 
will be able to supply sufficient means of conveyance. ‘I'he 
traffic across Egypt is enormous. Lately, in a very short space 
of time, 12,000 bales of manufactured goods for India passed 
over the Suez line, and a great deal of cotton comes from Bom- 
bay by that route. ‘There has been a reduction of 25 pef cent. 
on the rate of carriage of goods sent by slow trains, 
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LITERATURE, 


Etude comparative de divers Systémes de Ponts en Fer. 
Par Jutes GAuDARD.* 

We have frequently been requested by students of 
engineering to name the best work treating on the 
comparative economy of plate, lattice, bowstring, and 
other forms of iron girders ; and we have been obliged 
to confess that, up to the present time, no such inves- 
tigation has been published in this country. It is 
difficult to explain the reason for this, except on the 
principle that what is every man’s business is no one’s; 
for it 1s certain that, at one time or another, every one 
engaged in designing bridges must repeatedly have 
been compelled to investigate the question with 
reference to individual cases; and, since the conditions 
under which girders are placed are always very similar, 
and in the case of railway girders we may almost say 
identical, it must naturally have occurred to every one 
that much time, labour, and liability to error would be 
spared if the subject were thoroughly investigated once 
for all, and the results arranged in a convenient form 
for reference. It is a work of this kind which M. 
Gaudard has carried out. With reference to the 
method of investigation pursued, M. Gaudard remarks 
that a mere compilation of existing works would but 
imperfectly supply data for the solution of the problem, 
since the question, already complicated in itself, would 
be embarrassed with new and arbitrary elements 
eluding comparison. A thorough examination of the 
different systems cannot, therefore, be obtained but by 
formule applicable to works under the different con- 
ditions obtaining in practice, conceived all in the same 
spirit, and freed from all useless accessories. A little 
consideration will show that, even in the instance of 
similar bridges, the comparative weights will not be 
ruled by the amount of load carried simply ; and, since 
the influence of the disturbing elements is too marked 
to admit of this in a comparatively simple case, how 
much more will the question be involved when we 
have to consider, not only the amount of metal other- 
wise employed than in supporting load, but also the 
number and form of the aici themselves. 

The only possible way of arriving at the total 
amount of iron in a bridge is by estimating the weight 
of each component part independently. Thus, we have 
to ascertain the mass of the flange, which will vary in- 
versely as the depth multiplied by a certain coeflicient 
of variable value; and that of the web, which will in- 
crease with the depth, chiefly owing to the extra 
amount of stiffening required. We have also the 
vertical bracing inserted between the girders, to assist 
in stiffening the respective webs, applicable to cases 
only where the girders may be placed below the rails. 
Where two face girders and a centre girder are 
employed, this vertical bracing also does the duty of 
the cross girders, and must not be made too stiff, as 
the unequal detleciion of the main girders would throw 
a torsional strain on their flanges. When four girders 
are employed, this difliculty can be surmounted by 
coupling in pairs; but in each instance the weight re- 
quired will be different in amount. We have also to 
include the horizontal bracing forming a portion of the 
platform, should the girders be below the rails ; or the 
top of the ¢éude, should the girders be at the sides and 
of sufficient depth. ‘The adoption of this vertical and 
horizontal bracing is by no means universal in this 
country ; our platforms are usually sufliciently stiff to 
prevent lateral movement, and, if the headway is 
sufficient, an arch, either of iron masoury, is 
commonly substituted for the girder bridge. 


Including all these different portions of a bridge in 
his calculations, the general result arrived at by M. 
Gaudard is that the best construction of girder is the 
one admitting of the greatest depth, and that the 
number of girders employed to do the work should be 
as few as possible; as a corollary it follows that, for a 
railway bridge, the plate girder is heavier than the 
lattice or triangle, which constructions are, in their turn, 
surpassed in economy by the bowstring girder—a form 
considered by M. Gaudard to b» superior to the Saltash 
type. The actual cost of a bridge does not, of course, 
depend strictly upon the weight of iron employed : 


the additional labour incidental to certain modes of 


construction must be included in the estimate before a 
just comparison can be made. As the conclusions 
arrived at by M. Gaudard have been _ persistently 
advocated in several articles in this journal, it is hardly 
necessary to say that we are perfectly satisfied of their 
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correctness. From the nature of the problem, it may 
easily be imagined that the process of arriving at the 
weight of a bridge must involve laborious, though not 
necessarily intricate, calculation. A great many ex- 
pressions have therefore been reduced by M. Gaudard 
to a numerical value, and arranged in a tabular form: 
included in these are the weights of railway bridges 
of plate, lattice, triangle, cross, and bowstring construc- 
tions, with two, three, and four girders, from about 65 ft. 
to 260 ft. span. In order to test how far these results 
are applicable to English practice, it will be necessary 
to ascertain the data assumed in the calculations. 

. Although occasionally, with a view of checking 
vibration, the platforms of railway bridges are ballasted 
to a suflicient depth to receive the sleepers in the 
ordinary manner, in the present instance the platform is 
assumed to be of wood, with sufficient ballast only to 
protect it from falling cinders. The'rolling load taken 
varies from 36 ewt. per foot for 30 ft. span to 25 ewts. 
per foot for 200 ft. span and above. On the basis of 
6 in. frietion rollers under the ends of the girders, with 
a maximum strain of 15 tons and a mean of § tons per 
square inch of the horizontal cross section through the 
diameters, the effective span is deduced to be equal to 
1.05, and the total length of girder to be 1.0973 the 
apparent span. As a considerable amount of discus- 
sion has lately taken place with reference to the pre- 
cise method of the transmission of strain through the 
lattice bars to the usual trough-formed flanges of a 
lattice girder, it may not be uninteresting to remark 
that M. Gaudard considers the lateral stitfness of the 
rivetted bars will cause the resistance of the flange to 
be correctly represented by its moment, or, in other 
words, that the condition of uniform stress is not ob- 
tained, but that the strain on each particle will be 
directly proportional to its distance from the neutral 
axis. The working strain is taken at rather less than 
4 tons per square inch, except in the instance of the 
centre girder of three, which 1s only liable to its full load 
when two trains are on the bridge together, when 
about 5 tons per square inch is the resulting strain. 
As an example of the specific results arrived at, we 
abstract from the table the comparative economic 
depths and weights in ewts. per foot run of the main 
girders and other ironwork required in the various 
modes of constructing a railway bridge of 164 ft. 
span. 

Limited depth—Girders above level of platform. 

















Three Girders. awe 
| Girders. 
Construc- | ae poeta |p 
tion. Depth, | Face Centre | Total hme 
Girders. | Girder. mae | CUM. per 
| foot. 
| ' 
} | ewts. ewts. | ewts. 
Plate ......| 11.6 13.9 9 | 81.5 26.5 
Lattice......| 186 | 10 6 24.5 | 225 
Triangle 18.6 | 8.4 5.5 22 20.25 
Cross ...... 18.6 7.8 54 | 21.5 19.75 
Bowstring... 29.6 7.5 5.3 20.5 19 








Unlimited depth—Girders below level of platform. 





Four Girders,| Three Girders,| Two Girders, 





total. total. total. 
| | 
ewts. cwts. cwts. 
Plate eee coe 3b4 82.5 25.5 
Lattice ... 24.5 23 20 
lriangle ... eos 22 | 21.5 19 
21 | 20.75 18.5 


Cross 





To satisfy ourselves of the practical value of the 
above results, it will be desirable to compare them 
with those obtained in our own practice. Mr. Baker’s 
“diagrams of the weights of girders,” which fairly 
represent the average practice, afford us an oppor- 
tunity of so doing. Abstracting from the tables of 
M. Gaudard, and from the diagrams, the average weight 
in ewts. per foot run of the entire bridge, 164 ft. span, 
plate-girder construction, we find the comparative 
results to be as follows : 
‘ a 2Girders. | 3Girders. | 4 Girders. 
34 ewt. 


36 





352 ewt. 


2 
0 ” 


26 cwt. 
OR 


French construction ... 
English 


” ” 


The remarkable uniformity in these results, arrived at 
by perfectly independent and distinct methods of in- 
vestigation, is the most satisfactory proof we could wish 
of the value of M. Gaudard’s work. We have, however, 
another test available. According to a recent article 
in this journal, the proper depth for the face and centre 
girders of a railway bridge, 164 ft. span, lattice con- 
struction, would be about 18 ft. and 20 ft. Gin. re- 


6in. Although the greater portion of the work jis 
devoted to railway bridges, of course—mutatis mutandis, 
the results arrived at are applicable to any other 
form of bridge. 

In conclusion, we may observe that we believe M. 
Gaudard has shown a correct appreciation of his subject 
by avoiding unnecessary mathematical refinement. The 
system of adopting rough estimates as data, and 
then working out the calculations infinitesimally is 
well calculated to disgust a reader. The only instance 
in M. Gaudard’s work, to which exception might be 
taken, is in the process of obtaining the effective span 
of a girder. However carefully the bed-plates may be 
seated, the degree of uniformity of pressure obtamed 
is far too problematical to necessitate the use of the 
calculus to determine it. This, however, is an unim- 
portant detail; on its own merits we believe M. 
Gaudard’s book entitled, to a place in every engineer’s 
library. 


PARISIAN RAILWAYS. 


Ir may be predicted, from the activity with which 
the works of the Chemin de Fer de Ceinture, on the 
left bank of the Seine, are being pushed forward, 
that at no very distant period this line will completely 
justify its title, and place in direct communication with 
ach other the various points on the circumference of 
Paris, now only connected with the interior of the city. 
The line crosses in various places old and extensive 
abandoned quarries or galleries, now for the most part 
occupied by the mushroom-growers. Here it has been 
necessary to construct the foundations of the works 
designed for carrying the railway of unexceptionable 
solidity. At the Vaugirard tunnel the side walls are 
supported in these quarries by means of a double 
series of pillars in masonry carried down to the solid. 
These piers are also bound together with arches, 
and on one part of the line, it was found necessary to 
traverse two series of galleries one beneath the other, 
before obtaining a solid foundation. 

The Vaugirard tunnel was constructed in open cut- 
ting; its length is about 330 meters. 

Not far from this tunnel, the line crosses the Chemin 
de Fer de ’Ouest, under which it passes by means of 
a bridge, also established on these subterraneous pas- 
sages, the construction of which did not cause any in- 
terruption in the service of the numerous trains that 
pass above it. Between the Chatillon and Orléans 
roads, is situated the Montrouge station in a large and 
deep cutting, the sides of which are faced with rubble 
masonry, built of large blocks of rock and strengthened 
with massive counterforts. 

The Montrouge tunnel is, without exception, the 
most important work on the whole line, as regards the 
difficulties that have been encountered in its construc- 
tion. This tunnel is upwards of 900 metres in length. 
Vast subterraneous workings, or galleries, many years 
entirely abandoned, intersect the hill under which it 
passes, 

At the entrance of the tunnel these galleries are met 
with at 9 metres below the formation level. The in- 
clination of the line is towards Gentilly, whilst that 
of the galleries is in an opposite direction ; conse- 
quently, their level at the other entrance of the tunnel 
is considerably above that of formation. Under the 
line it was necessary to fill up all these cavities, and 
afterwards a thick wall was constructed, in order to 
consolidate the masonry of the tunnel. 

These works are separated by galleries of inspection, 
for which either the existing galleries have been turned 
to account or others have been constructed in the 
solid. These galleries, of which the name sufficiently 
indicates their use, also will form a means of access for 
the authorities charged with the supervision of the net- 
work of underground way extending in every direction 
under this part of Paris. They are accessible, by 
means of recesses and special shafts, placed at con- 
venient distances in the tunnel, the arch of which is 
85 centimetres in thickness at springing, and 65 centi- 
metres at the key. It is built in coarse masonry 
mortar. All the retaining walls are provided with 
outlets for water, and the drains in masonry on each 
side of the line keep it completely dry. ’ 

The Ivry tunnel was constructed in open cutting, 
is also an important work, but fewer difficulties were 
were met with in its construction than in the former. 

The Chemin de Fer de Ceinture presents, in its com- 
parative short length, to all interested in railway con- 
struction, specimens worthy of attention, of improve- 
ments that have been lately made relating to bridges, 
viaducts, cuttings, tunnels, permanent ways, &c. _ It 
will, taken altogether, present many favourable pomts 
for comparison with the great underground railway 














15, Quai Malaquais. 


spectively, and M. Gaudard adopts 18 ft. 6 in. and 19 ft. 





works completed and in progress in London. 
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RECENT PATENTS. 


(No. 335, 8d.) Warburton and Barnes, of Hasling- 
den, Lancashire, patent details of the backing-off mo- 
tion of self-acting mules, intended to keep the nose of 
the cap tight and to prevent snarling. It would require 
a drawing to describe it. 

(No. 336, 10d.) Thomas Molden, of Salford, patents 
movable grate-bars, strung upon a central shaft ; a short 
inclined grate at the back of the furnace, and an air- 
chamber beneath it with a regulating damper. We see 
nothing really new in this invention. 

(No. 337, 8d.) W. Mackintosh, of Forfar, patents 
a neat chuck for holding articles in a lathe or in 
a vice. 

(No. 347, 1s. 6d.) C. V. Walker, of Red Hill, and 
who is telegraphic engineer to the South-Eastern 
Railway, patents electric signals between passengers, 

uards, and driver. The invention relates wholly to 
Fetails. One line of wire is used through the train, 
one coupling —vot necessarily insulated to each 
carriage—and telegraph switches are employed in the 
vans, so that connexion can be made whicuever way 
the van stands in the train. 

(No. 349, 6d.) C. D. Abel, of 20, Southampton- 
buildings, patents a tipping bottom for coke ovens, so 
as to tip the charge when coked. 

(No. 354, 10d.) Daniel Spink, of Weston-super- 
mare, patents propelling and steering ships by blowing 
steam through pipes in the stern ! 

(No. 356, 1s.) Thomas Spencer, of Euston-square, 

atents a portable filter for cisterns, in which the water 
is made to filter upward through sand and gravel. 

(No. 362, 10d.) HE. A. H. Beuther, of Achen, 
Prussia, patents railway axle-boxes to be worked with 
oil; and (No. 365, 1s. 6d.), T. J. Smith, of Twicken- 
ham, also patents axle-boxles for oil. Both have 
much in common with Mr. Beattie’s box, which we 
illustrated September 7th last, Various details are 
shown for maintaining lubrication, but these are more 
complicated than the Basson lubricator. 

(No. 369.) Uriah Scott, of 66, Pratt-street, 
Camden-town, patents a great number of applications 
of india-rubber to the construction of railway springs. 
There is india-rubber under the tyres; the Ae ox are 
to be made hollow, with a central solid spindle for the 
end journals, india-rubber being interposed between 
the central spindle and the shell, &c. 

(No. 376, 4d.) J. A. Maxwell, of Dublin, patents 
forming a large piston in front of the front carriage of 
a train in a pneumatic railway. We do not perceive 
the novelty, since all carriages of the kind have the 
equivalent to a piston already. 

(No. 377, 10d.) Alexander Clark, of Rathbone- 
place, London, patents mortising chisels made to cut 
both ends of a mortise at once, and to remove the in- 
termediate portion by punching. Box chisels are also 
shown, but these are already in use. 

(No. 381, 1s.) J. Sawyer and S. Middleton, of 38, 
St. John’s-lane, Smithfield, patent fire-escapes, the in- 
vention consisting of details of the extension-ladders 
and gear for raising them. 

(No. 382, 10d.) W. 8S. Laycock, of Sheffield, patents 
looms for horse-hair fabrics. 

(No. 385, 8d.) J. B. Atwater, of Chicago, U.S., 
patents a mode of raising water for filling locomotive 
tenders. The direct pressure of steam is employed 
upon the surface of the water, and the invention is 
substantially the same as that described a few years 
“go In a paper read by Mr. Fryar, of Manchester, to 
the Institution of Mechanical Engineers. Mr. lryar 
obtained provisional protection for the plan, but it had 
already been patented before him. 

(No. 391, 10d.) John Roe, of Birmingham, patents 
a ratchet spanner to save the necessity of removing the 
Spanner at each turn of the nut, and to enable it to be 
used in confined situations. 

(No. 394, 4d.) H. E. F. De Briou, of 19, Marl- 
horough-hill, St. John’s-wood, patents a composition 
for coating vessels, It consists of vulcanised india- 
rubber, mineral pitch, and bisulphide of carbon, and in 
this condition it can be reduced to powder and applied 
as pamt. Arsenite or ferro-cyanide of copper, Prussian 

lue, &c., may also be mixed in to prevent the growth 

of barnacles. 

(No. 405, 8d.) G. D. Davis, of 16, Woodstock- 
road, East India-road, E., patents a steering gear for 
vessels. There is a screw on the axis of the steering 
wheel, and the nut of this screw is attached to a chain 
which is carried round the rudder-head. 

(No. 406, 6d.) William Clissold, near Stroud, 
atents a coupling for machinery, in which both a 
riction-clutch and toothed clutch are employed. 
he machine is to be started by the friction-clutch, and 





when at full speed a handle is to throw out the friction- 
clutch, and, by the same motion, to throw in the 
toothed clutch. The latter will engage without sensible 
shock, both parts being already in motion at the same 
speed. 

No. 407, 6d.) James Higgins, of Salford, proposes 
to employ weldless tubes in the manufacture of rings 
for ring and traveller spinning-frames. The tubes are 
to be sawn off into rings, which are to be finished to 
the desired section. 

(No. 409, 8d.) G. F. Russell, “ of Piccadilly,” re- 
patents Mr. R. C. Mansell’s wooden railway wheel, in 
its exact form. 

(No. 411, 1s. 10d.) W. N. Wynn, of Hilsea, 
Hants, patents “ travellers for warehouses,” not com- 
mercial travellers, but overhead railways and tracks or 
travellers to work on them. 

(No. 420, 4s.) Jonathan Davidson, of Edinburgh, 
patents self-reefing sails, or rather sails which partially 
reef themselves as the pressure of the wind increases. 
The sails are to be hung something like a spring blind, 
and as the sail is distended under an increased pres- 
sure of wind, the winding roller is brought into play. 
As the wind goes down, this roller is made to let out 
more sail, so as to obtain a larger surface. It is a 
sufficient objection to the plan that it depends upon 
coiled springs, especially as these are to be under con- 
stantly varying and sometimes great strains. 

(No. 425, 10d.) B. W. Farey, a member of the 
firm of Messrs. Bryau Donkin and Co., of Bermondsey, 
patents a construction of compound horizontal steam 
engine, in which a high-pressure and low-pressure 
cylinder are placed end to end, the piston rods going 
out in opposite directions, and having cross-heads con- 
nected together by side rods, one on each side of the 
cylinders. The air pump, which is vertical, is to be 
worked by a rod jointed to the connecting rod near 
the crank-pin. 

(No. 433, 1s. 4d.) Cooke and Hunter, of Aberia, 
near Carnarvon, patent a stone-cutting and tunnelling 
machine. .It is made to work its way bodily into a 
tunnel, and it has a large drum in front, something like 
the driving drum or wheel of some of the traction en- 
gines, the periphery of this drum being thickly studded 
with cutters. These are to be put into revolution, and 
to cut away the rock into chips. The specification 
deserves the special attention of those interested in the 
subject. 

(No. 434, 1s. 10d.) C.D. Abel, of 20, Southamp- 
ton-buildings, Chancery-lane, patents a gas engine, 
invented by a foreigner residing abroad. The inventor 
finds that the gases of explosion, in engines of this 
class, cool very quickly, and before the piston of an 
ordinary engine can perform its stroke, so he employs 
a piston which acts it one direction only. It is free to 
be shot from the bottom to the top of the cylinder, and 
when once raised a vacuum is counted upon below it, 
in consequence of the cooling of the gases of explosion. 
The piston is then forced down by atmospheric pres- 
sure, and in going down it turus the fly-wheel shaft 
by a pall and ratchet wheel. 

(No. 436, 8d.) A. V. Newton, of Chancery-lane, as 
the patent agent of Captain John Ericsson, of New 
York, patents the captain’s port stopper for gun 
ports. It is a heavy crank of forged iron, as illus- 
trated in our section of the Dictator, vol. i, page 
290. 

(No. 459, 1s. 2d.) Commander Warren, of the 
Navy, patents a construction for iron ships, intended to 
afford facilities for pumping out water from below, by 
means of donkey pumps above the level of the main 
boilers. Pipes, strainers, and flap valves are shown in 
the lower hold, and in the space between the outer and 
inner skins of double-skinned vessels. ‘There. is also 
an important invention, quite distinct from this, in the 
same patent—that of flexible sheets of mixed felt and 
india-rubber, with a fastening of pneumatic pins, to 
cover shot-holes, rents, &c., in a ship’s side, whether 
out of water or under water. 

(No, 452, 10d.) Messrs. Brown and May, the well- 
known agricultural engineers of Devizes, patent a 
straw-brulsing apparatus, which, from its simplicity 
and efficiency, is likely to give a new value to straw as 
fodder. To the straw delivery of a compound thrash- 
ing machine a shaft set with circular saws, in the 
manner of a saw-gin for cotton, is to be applied. These 
saws are to run at a high speed, the straw passing 
under them, and the straw is furthermore to be made 
to pass through a pair of sharply fluted rolls, the more 
completely to break up the silicious sheathing of the 
stalks. 

(No. 454, 1s. 4d.) J. B. Fenby’s invention, which 
some of our readers will have seen entered in the 
patent lists as for “pumps,” is for hand pumps for 





gardens. It is a double-barrelled hand pump with an 
air-vessel. , 

(No. 460, 10d.) H. B. Young, of Instow, Devon, 
patents a mode of varying the pitch of screw-propeller 
blades. We could not describe it without a drawing, 
but those specially interested should procure the 
specification. 

(No. 463, 8d.) F. R. Wheeldon, of Wolverhamp- 
ton, patents improvements in casting chilled rolls. The 
object is to prevent the introduction of air into the 
mould along with the iron. The runner or gate, there- 
fore, instead of being made in sand, containing air in 
its interstices, is to be of iron or fire-clay. It is to 
have an open vessel at its upper end, large enough to 
hold a considerable quantity of metal, and a plug in 
the bottom of this vessel is to be drawn, as in a Besse- 
mer crucible, to allow the iron to flow down the runner 
into the mould. The inner faces of the chill are some- 
times coated with a charcoal mixture. Mr. Wheeldon 
thinks that this, by burning, forms gases which render 
the casting unsound, and he proposes, therefore, to use 
whitening or other incombustible material. 

(No. 465, 8d.) Holding and Todd, of Wheelton, 
Lancashire, find that the reed dents of power looms are 
rapidly worn away at their roots, as the abrasive action 
of the weft principally takes place there. So, by an 
apparatus of no great complication, they give to the 
reed a gradually rising a falling motion, and thus 
distribute the wear. 

(No. 472, 1s. 4d.) Here is a patent by the veteran 
engineer, Robert Napier. He proposes to form a 
raised deck over the gun deck of turret or other ships 
of war, and, in order that this upper deck shall form no 
obstruction to the fighting of the guns, he carries it 
upon diagonal transverse frames, rising from the hold 
of the ship, at certain distances from each other along 
the length of the ship. 





MANUFACTURE OF RAILWAY 
MATERIAL IN FRANCE. 

For some time past the French iron works have 
been receiving important orders for railway material 
from Belgium. The iron works at Gilidiahilon 
(Bas Rhin) delivered, in 1864 and 1865, several loco- 
motives to the Spa lines to the frontier of Luxem- 
bourg, and to the Liége and Limbourg companies. 
Towards the end of last year the French establishments 
obtained the contract to furnish to the state railways a 
certain quantity of passenger carriages, which they have 
been able to construct at from 5 to 6 per cent. lower 
than the Belgian manufacturers. In a more recent 
contract the Société des Forges de Creusot tendered 
for the construction of nine goods engines at 56,800 
frances each, and nine passengers engines at 57,000 
franes each, in competition with a Belgian firm, whose 
prices were higher. The Société des Aciéries of Imply 
and Saint-Servin, continues to obtain in Belgium, at 
every competition, orders for the supply of numerous 
lots of tenders, wheels, axles, &c., in Bessemer steel, 
at lower prices than the English and Belgian manufac- 
turers. 








Pusiic Works 1n Hortanp.—The Dutch Govern- 
ment, with a view to unite the network of railways 
with the islands of Walcheren and Zind Beveland as 
well as the port of Flushing, have undertaken to 
close, by means of a viaduct, the eastern arm of the 
Scheldt. It flows entirely in Dutch territory, and, 
being of little depth, is only frequented by small 
coasting vessels. At the same time the Cabinet of 
the Hague, by a stipulation in the Treaty of 1839, 
are obliged to leave open for navigation the waters 
between the Scheldt and Rhine ; it now offers to make 
a new route between these two rivers by means of 
a large canal just constructed in the island of Zind 
Beveland, and thus the two arms of the Scheldt are 
in communication with each other below the dam. 
This canal is ten kilometres in length, and is pro- 
vided with two locks, and is to be free from any toll. 

Tue Remineton Rirte.—A statement has ap- 
peared in the daily papers to the effect that the Re- 
mington breech-loading rifle has been adopted by 
the Austrian Government. This statement is quite 
premature, as the trials of the various breech-loaders 
are not yet completed at Vienna, neither the Pea- 
body nor the Snider having been tried. A member 
of the staff of this journal is now in Vienna upon 
business connected with these trials. 

Pumperne Enoives.—The Lilleshall Company are construct- 
ing at their works, in Shropshire, a pair of Bull engines for 
collieries in North Wales. These have each a 106 in. cylinder, 
the stroke being 14 ft. Drawings of these engines, as well as of 
a pair of blowing engines by the same makers, are in course of 
preparation for our columns. 
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Mr. WititaAmM Sevixers, the well-known machine tool 
maker of Philadelphia, has invented and patented an improved 
form of Giffard’s yap which is now coming into extensive 
use in America. ‘This new form of injector, of which we now 
give a section, is self-adjusting, it only being necessary to turn 
on the steam in order to set it towork. This result is obtained 
by using the overflow to control the admission of the water to 
the injector, so that the pressure inside a chamber, caused by 
an overflowing jet, shall diminish the supply of water, whilst the 
water which escaped at the overflow to produce this effect, 
being retained in contact with the jet, will be drawn in again 
wheneverjthe supply of water is too small or the supply of steam 
too great, and thus produce a partial vacuum in the overflow 
chamber, reverse the previous operation and re-adjust the in- 
strument to the new conditions without any waste at the point 
of overflow. 

The manner in which the principle is now carried out by Mr. 
Sellers is as follows:—The upper end of the injector is formed 
with the usual branches for the admission of steam and water, 
these branches communicating with chambers, which are 
separated by a division into which the steam nozzle is screwed. 
Within the steam nozzle there is a tapered rod, which can be 
raised or lowered to regulate the supply of steam by means of a 
screw and hand-wheel, as in an ordinary injector. The interior 
of the case beyond the water branch is bored out for a short 
distance, and fitted with a cylindrical brass lining to receive a 
hollow piston, which forms the upper or receiving end of a water 
nozzle, whose axis coincides with that of the steam-jet nozzle. 
The pipe is so arranged as to be capable of moving to or from 
the steam-jet nozzle, so as to enlarge or contract the annular 
space between it and the water nozzle, thereby governing the 
umount of water which can be admitted to the action of the 
steam escaping from the steam-jet nozzle. To the lower end of 
the water nozzle is screwed the upper end of the receiving 
nozzle, a small space being left between the two, which commu- 
nicates with the space beneath the piston carrying the water 
nozzle. ‘The lower end of the receiving nozzle is guided in the 
manner shown in the illustration, and it discharges into a 
chamber at the lower end of the injector, this chamber 
being fitted with a valve, past which the water passes 
on its way to the boiler. The chamber is also provided with a 
waste cock, through which the water which passes through the 
injector when itis first started can be aiewed to escape freely 
into the atmosphere, this cock being closed when the apppatus 
is fully at work. 

The mode of working the instrument is as follows: The 
waste cock must first be opened, then admit the supply of water, 
allowing it to flow through this waste, and let on the steam, 
when an immediate increase will take place in the volume of 
water cacaping at the waste, showing that the jet has been 
established. The waste cock may then be closed, and the water 
will flow into the boiler; but in case there should be too much 
water admitted at the receiving end of the water nozzle, the 
superabundance will escape into the chamber below the piston 
carrying the water nozzle, and raise the latter so as to diminish the 
annular space between it and the steam nozzle, and thusdiminish 
the water supply until the quantity admitted is in exact pro- 
portion to the supply of steam. The relative positions of these 
nozzles will then remain the same until some change takes 
place in the pressure of the water supply or the pressure of 
the steam. Supposing now the pressure of the steam in the 
boiler should increase, or that the tapered plug should be drawn 
back from the opening in the steam nozzle, so that a larger 
quantity of steam should be discharged, the increased velocity 
of the jet will carry along with it into the boiler some of the 
water which had previously escaped through the openings into 
the overflow chamber, thus causing a partial vacuum under the 
piston when the pressure of the water will cause it to recede from 
the steam nozzle and admit more weter until the equilibrium 
is again established. At the junction of the water branch 
with the main body of the injector, a small valve opening out- 
wards is provided for allowing the escape of air, this valve 
being ordinarily kept closed by a slight spring. 

In many boilers, such as those having a small water and 
steam — compared with their heating surface, and where 
the demand for steam is very irregular, the variations of the 
steam pressure are considerable and frequent, and the amount 
of attention required for regulating an ordinary injector be- 
comes an inconvenience, and under such circumstances Mr, 
Sellers’s ingenious but simple arrangement will be found ex- 
tremely useful. We should mention that Messrs. Sharp, Stewart, 
and Co., of Manchester, are making arrangements to introduce 
Mr. Sellers’s injector in this country. 
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PRACTICAL EDUCATION. 


Tuere are those who have laboured long enough among 
the dust and smoke of a workshop to feel themselves entitled 
to the = of workmen; and while so engaged they have 
assiduously cultivated the higher branches of their art, trade, 
or profession. They have not been satisfied with the routine of 
the workshop and manufactory ; but the why and the wherefore, 
theory as well as practice, have engaged their thoughts. Such 
men are living monuments of the dignity of labour. They pro- 
claim a noble truth—that there is no connexion between manual 
labour and degradation ; no essential disjunction of the work of 
the hands from that of the head; no law of nature which makes 
impossible or even renders difficult the alliance of self-culture, 
good manners, high morals, and elegant accomplishments with 
the active duties of the practical mechanic. An artisan cannot 
bring superfluous talent to his work, however simple habit may 
make it appear; he cannot have too much of that patience and 
self-denial which are found most highly cultivated in the most 

lished circles. No one good quality of the gentlemen can sit 
ill on the mechanic, however poor he maybe. Labour is neither 
a disgrace nor a curse. Some persons regard its muscular de- 
mands as the results of sin; but we are informed in Holy Writ 
that man was placed in the garden to dress it and to keep it; so 
that it appears that labour is an ordinance of the Creator de- 
signed for our highest and best welfare. The highly educated, 
eloquent, and logical St. Paul was trained to the business of a 
tent maker, and the Great Teacher himself, who had been appa- 
parently carefully educated in the learning of the times, handled 
the axe and the saw. These, with examples nearer our own 
times, presented by Franklin, Fulton, Watt, Rittenhouse, Elihu 
Burritt, and Stephenson, prove that in the employment of the 
hands there is no natural degradation, and that manual profes- 
sions may be followed consistently with the possession of every 
noble and every literary qualification. There is, therefore, a 
dignity in labour, and manual labour is not incompatible with 
the highest culture. 

It was once remarked that, in spite of man’s boasted intellect, 
he is as much indebted for his present state in civilised life to 
the band as to the head. We may trace back the comfort, the 
happiness, the safety, the splendour, nay, the very affections and 
virtues, of the present social and civilised life to the industry of 
the hand. Still, all this is the fruit of the labour of the hand 
= by intelligence. It is the toil of the mechanic directed 

y experience, strengthened by knowledge, gained by past ex- 
periments, by the observation of nature, and by the application 
of reason to that experience and observation. This it is that 
constitutes that enlightened labour to which society owes its 
elevation and its happiness. The hand without the guiding 
mind is bloody and dangerous, quick to injury, slow and awkward 
in any work of peace. Let them act’ together in intelligent 
unison, and then the whole man and the whole frame of societ 
will move together in cheerful activity, right onward to their 
highest possible perfection and happiness. It is the boast of our 
own country and times and civil condition, that they are all 
auspicious to this union and the attainment of these ends. To 
co-operate to the best of his ability in securing and hastening 
forward this excellent and beneficent effect is at once the duty 
of every good citizen and his most exalted privilege.—American 
Artisan. 








New Pier at Bricuton.—The new west pier at Brighton 
was opened on Saturday with great ceremony. The entire 
length of the pier is 1115 ft.; it is approached from the shore 
by an abutment 290 ft. long and 140 ft. wide, from which level 
to the second portion the Sessoms is by a broad and easy flight 
of steps, with an incline on either side for Bath chairs, peram- 
bulators, and wheeled vehicles of any kind admitted to the pier. 
A fine promenade of gravel laid upon bitumen, 560 ft. long and 
50 ft. wide, leads to the pier head, or seaward end, which is 
310 ft. long and 140 ft. wide. Along the backs of the seats are 
roofed weather screens of plate glass in light iron frames, 
affording a perfect shelter from the wind and spray. The pier 
head has an area of 39,000 ft., and at each of its four corners is 
an ornamental tower, two similar edifices adorning the abut- 
ment also. In the construction, the ordinary process of pile- 
driving has been dispensed with, the iron pillars being screwed 
into the rocky sea bed. 

Fata Borter Exprioston.—The boiler of a donkey engine 
at work on board the City of Liverpool, loading at Live for 
New York, exploded on Tuesday, and killed five dock labourers 
employed in stowing cargo, and severely wounded several other 
persons. This year’s list of explosions will be a long one. 
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_ PETROLEUM IN AMERICA.—At one time petro- 
leum companies and petroleum shares were the 
fashionable investments. In 1864-65 at least 
1200 companies, with over $1,000,000,000 capital, 
were formed in the United States for potsdioem 
mining purposes, and not 100 out of the number 
had anything solid to rest upon. Yet the shares 
sold off with astonishing speed, and scarcely one 
person out of a thousand failed to buy some of 
them. The mania was so great that reason had 
no influence, and the sharpers who originated 
the companies became the wealthiest men of the 
time. Women and even children bought shares, 
and the par value was fixed at every point from 
$100 down to 5c. What would be the estimation 
formed in England of. a limited liability company 
if it announced that its capital stock was divided 
into one million shares of the value of two- 

nce each? Yet scores of such companies were 
ormed in America, and were as successful 
swindles as the larger ones. The people lost 
millions by these companies, which have now 
sunk out of sight, and, fearing losses again, they 
only meddle with safe investments. The condi- 
tion of the oil regions of Pennsylvania and 

Western Virginia is pitiable. Property that once 
commanded an enormous price can now be had 
for a song. Some few companies and operators 
continue their labours, but the price of petro- 
leum at the wells is so low that it scarcely pays 
the cost of production. The demand is far less than the supply, 
and this has caused one well after another to be abandoned, while 
large quantities of petroleum are stored along the banks of Oil 
Creek awaiting a purchaser at almost any price. Oil mining is 
as legitimate a business as coal mining, but it does not pay, and 
in this is the secret of the decline of the petroleum business. If 
the demand should increase so as to add a dollar or two to the 
price of a barrel of oil at the wells, it would give renewed vigour 
to the trade. 

Rartway Manacers.—The city editor of the Times makes 
some telling observations upon railway management in connexion 
with a notice of the unfortunate London, Chatham, and Dover 
Railway. He says that the public ‘“ must bear in mind that 
what is wanted to bring such a concern as the London and Chat- 
ham to a state of prosperity is a thoroughly vigorous manage- 
ment, under one head, with almost despotic powers. The con- 
duct of such enterprises by boards of direction, even when every- 
thing is going on smoothly, is a bar to all progress, and all the 
officers, wearied out by the constant reference of every petty 
proposal to committees, learn at last to discourage every idea of 
change, and to devote their spare energies, not to devising means 
for increasing the comfort and convenience of ngers, but to 
jobbing in patents, and pushing aside every one who comes with 
a new suggestion. The result is, as has just been shown in the 
difficulty experienced in finding a manager for one of the great 
Indian lines, notwithstanding an offer of 3000/. a year, that there 
is scarcely any practical railway genius in the market, the road 
to advancement in that branch of enterprise having been found 
to consist in avoiding everything like originality, and in carrying 
out a general assumption that the public are a set of enemies 
who must, if things are to be made quiet and pleasant for 
directors, be tormented and inconvenienced by every possible 
device that may teach them their position of dependence. Of 
course, a conception that this system might in any case be 
broken down, and that a large salleay might be managed with 
the sole view to an extension of profit through an extension of 
public favour, consequent upon punctuality, good faith, anda 
ceaseless readiness to introduce every change that could tempt 
and gratify their customers, would be regarded as an hallucina- 
tion. Such ideas are for competing shopkeepers, and not for 
boards in the enjoyment of parliamentary monopolies ; but there 
are many who would be disposed to believe that if even the 
London, Chatham, and Dover Company could be suddenly placed 
under such auspices, the value of its stock within five years 
from this date would be better than that of any of the proudest 
of the routine companies who are able to boast of the declaration 
of annual dividends of 5 or 6 per cent. as a proof of the complete 
soundness of their policy of indifference and stagnation.” 

A Rattway into THE Woops.—A correspondent at Aber- 
deen writes as follows: ‘‘'The Deeside Railway will have the 
extension from Aboyne to Ballater opened in a few days ; this is, 
I believe, 11 miles, and will bring the line within a few miles 
of Balmoral. A large traffic is expected in wood from the 
forests on the Invercauld estate, which has hitherto been be- 
yond the reach of railway communication. The forests are 
farther up the Dee than Balmoral. One wood merchant in this 
town, who has bought above 100 acres of the wood, is having a 
traction engine made by Aveling and Porter to take the wood 
from the forest along the turn he to Bullater, where it will be 
put on the railway trucks. e traction engine will pass in 
view of Balmoral Castle, though on the opposite side of the Dee. 
Balmoral is on the south side, and the turnpike on the north 
side of the Dee, so also is Ballater. The wood merchant told 
me that in the forest mentioned he is cutting larch trees from 
2 ft. up to 30in. diameter, and of a quality he has never seen 
surpassed and seldom equalled. The whole forest, extending 
for many miles, consists either of larch or natural-grown 
Scotch fir.” 

PERMANENT Way IN CANADA.—The mileage of the Grand 
Trunk Railway is now 1335 miles. The repairs and renewal 
the permanent way now cost about 180,000/. yearly, or about 
135/. yearly per mile. At the late meeting of the share olders, the 
chairman said that full justice had been done totheline. All the 
renewals of the line were superior to the original‘permanent way. 
He never expected that railways in Canada could be maintained 
and worked at a low rate. They had no renewal suspense 
account now, everything was paid out of revenue. 

Tue Great INDIAN Peninsuta Rartway.—It is under- 
ont that the Beard of the Great Indian Peniasnle — 

ave just appointed as the com ’s agent in India Major- 

Gennal are Rivers, RE., Samechy cating engineer to the 
Government of Bombay. The salary is said to be 3000/ per 
annum. It was not easy to find a proper manager. 
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THE RUSSIAN IRON-CLAD “SMERTCH.” 

THE twin-screw turret ship “Smertch” was built for the 
Imperial Russian Government by C. Mitchell and Co., of New- 
castle-on-Tyne, at their building-yard near St. Petersburg, and 
fitted with engines, of 200 horse power, by Messrs. Maudslay, Sons 
and Field, of London. She was launched in June 1864, and is of 
the following dimensions: length between perpendiculars, 185 ft. ; 
breadth of beam, 38 ft. 2in.; depth moulded, 14 ft.; tonnage, 
1246 builder’s measurement. The hull is built of iron on the 
cellular tubular principle, the sides and bottom being double. 
The space between the outer and inner plating is divided into 
numerous watertight compartments, each compartment being 
provided with cocks or valves, so that it may be pumped out in 
case of leakage. Arrangements are also made for Filling the 
space between the outer and inner skins with water ballast, for the 
purpose of increasing the vessel’s immersion during action, and 
thus causing it to present a diminished surface tothe fire. The 
armour-plating is 4} in. thick, extending the entire length of 
the vessel, and from the upper deck to 34 ft. below water. The 
backing is of East India teak, 9 in, thick. The upper deck of the 
vessel is gee by plating lin. in thickness, covered with 
ordinary deck planking. 

The two turrets are each 22 ft. in diameter, and are on Captain 
Coles’s principle; each is capable of carrying two 200 pounder 
guns, but the vessel, being the first turret ship built for the 
Russian fleet, it was decided to arm each turret with one 200 
pounder steel gun only. 

The general construction of the turrets is the same as that of 
those of the Royal Sovereign, and the armour-plates covering 
them vary in thickness from 5 in. to 6 in. Each turret is turned 
by means of a small pair of steam-engines placed near the bottom 
of the vessel. By a simple arrangement of hand-gear carried 
up through the centre of each turret, the gunner, in sighting 
the guns, is enabled to move the turret in the required direction. 
An entire revolution of the turret can be made in half a minute. 
The ordinary wheel-work for turning by hand is also fitted. A 
captain’s turret is placed on deck, and is constructed of the same 
strength as the armoured sides of vessel, The steersman is 

laced immediately underneath, and simple means are introduced 
or communicating with the engine-room. 
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The engines, which, as before stated, are of the collective 
power of 200 horses, consist of two pairs of ordinary horizontal 
double piston-rod engines, with the cylinders placed back to 
back, leaving a passage-way between them. They have cylinders 
36 in. in diameter, with a stroke of 1 ft. 6in., making, when 
working full speed, from about 110 to 120 revolutions per 
minute. The screw-propellers are four-bladed, 8 ft. in diameter, 
with a mean pitch of 10 ft., and are so constructed that the pitch 
may be varied from 9 ft. to 11 ft. They are overhanging screws, 
having no stern-posts behind them. 

® The boilers, which are two in number, are of the low tubular 
description, with the tubes placed behind the furnaces, but at 
right angles to the latter, so as to lead towards the chimney in 
the centre of the vessel. There are four furnaces in each boiler, 
each 2ft. 6in. wide by 7 ft. long, with a total area of 140 
square feet, the area of the furnace and tube-surface being 4100 
square feet. 

The coalboxes, which will contain about 150 tons of coal, are 
situated principally between the engines and the boilers; some of 
the coal is also stowed over the boilers, and some in a compart- 
ment at the forward end of them. In the passage-way between 
the engines and the boilers is placed a 6-horse auxiliary engines and 
other machinery, as will be seen on reference to the engraving. 
This engine is provided with a small auxiliary boiler placed in 
the main stoking-room; it is also arranged so that it can be 
worked by steam from the large boilers if required. There is a 
2 ft. 6in. cupola furnace also placed in the stoking-room for 
melting iron for the molten shells; this furnace has a 2 ft. 6 in. 
fan, which is driven by the auxiliary engine. 

The engine also drives a 3 ft. fan for the purpose of ventilating 
the vessel, and, in addition, it works a horizontal double-acting 
pump for the purpose of filling or emptying the ballast-water 
compartments, this pump being capable of discharging 800 tons 
of water in two hours. The ventilating arrangements through- 
out the vessel, which are very complete, were all carried out b 
the makers of the engines, Messrs. Maudslay, Sons and Fiel 


there is a range of main ventilating-pipes, which have outlets 
and regulating-gratings communicating with each cabin and each 
different compartment of the vessel; pipes are also taken into 
the ines and into the centre of the turrets, for the purpose 
of ventilation when in action. 








THE PALLISER GUN. 
To THE Eprror oF ENGINEERING. 

Srr,—Having read Mr. yoaeg f letter which appeared in 
EnGINeerInG of the 5th instant, I trust you will kindly afford 
space for the accompanying proofs of my having actually made, 
and tested by firing in the chalk-pits at Erith, previous to 
November 1854, several small cannon, which were made of cast 
iron cast round interior tubes or barrels of coiled’wrought iron. 
The small barrels are twist barrels; the manufacture of similar 
ones has since been developed on a large scale by Sir William 
Armstrong, and they are termed coiled tubes. 

The extracts from Messrs. Parker and Field’s books will show 
the several dates, commencing trom the 26th July, 1854, upon 
which I purchased the barrels, as well as the ammunition and 
blasting fuse for firing the guns. : 

The gun alluded to by Messrs. Clark and Co. and their fore- 
man, Mr. Moritz, was one that they neatly turned for me on or 
before the 10th November, 1854, after the firing was concluded, 
and which was fitted to a gun-carriage made for me by Mr. 
Seager, a carpenter, during the month of October, 1854. This 
gun, as well as the carriage, can be seen in the model-room of 
the Ordnar ¢ Select Committee at Woolwich. 

I beg to inform you that for upwards of twelve years I have 
continue? my experim-nts in making guns, upon this system, 
entirely av my own expense, and that, for the purpose of ascer- 
taining the various causes of unsoundness, and obviating them, 
I have made several dozen of such guns, and that the castings 
have varied in weight from 20 lb. to upwards of 5 tons, and that 
I have received no assistance whatever from Government beyond 
finding the powder and shot to test someof the guns, = 

The Qin. 12}-ton gun, whose proof was correctly given in 
ENGINEERING of the 28th ultimo, is my latest experiment, and 
was also made at my own expense and risk, For although the 
expense of that gun is no doubt considerable, it is_Jut small in 
comparison with the time and money I have deve* t to working 
out the question, and feeling, as I did, quite confident of ultimate 
success, I was anxious to conclude the inquiry myself previous 
to its being taken up by Government. M 

I am, Sir, yours obediently, 

Army and Navy Club, WILLIAM PALLISER, 

October 9, 1866. 


No. 1. 

Gun Manufactory, 233, High Holborn, W.C., Feb. 24, 1866. 
S1r,—I beg to hand you the statement of the pieces of barrel I 
have rifled for you for insertion into cannon, and of the blasting 
fuse and cartridges, &c., I made for you at the time. I am pre- 
pared to state that I understood from you that you wanted me to 
procure and rifle you pieces of gun barrels, for the purpose of in- 
serting in cannon, and that I rifled you three or four pieces in 1854, 

I have the honour to be, Sir, your obedient Servant, 
Joun W, P. Friexp. 


No. 2. 
Major Palliser, bought of Parker, Field and Sons, 


July 26. Rifled a barrel twice. 
Aug. 1. Powder magazine. 
Coil of fuse. 
2. Rifled a musket barrel. 
1 lb. powder. 
11. 1 1b. powder. 
17. 1 1b. powder. 
Sept. 22. 1 coil blasting fuse. 
Rifled a barrel. 
5. 3 lb. powder, T.P. 
71 do. do. 
3 yards blasting fuse. 
20. 2 1b. powder. 
5 yards fuse. 
The above is a correct extract from our books. 
Joun W. P. Frexp, 
Feb. 26, 1866. si for Parker, Field and Sons. 


o. 3. 
W. Palliser, Esq., to S. H. Seager. 
108, St. Martin’s-lane, W.C., Oct. 20, 1854, 
1854. 
Oct. 20. To making in oak a large-size model ship's gun- 
CORR PID: cosccasemninscsnttensanasiitaatesecntans £219 
31, To making in oak a large-size model of fleld-piece 
carriage 563 


£780 





The above is a correct extract from our books. 
July 14, 1866. ‘ T. T., for 8. H. Szacer. 
No. 4. 
15, Gate-street, Lincoln’s-inn-flelds. 
Sir,—On referring to our books, we find that we finished turn- 
ing a model cannon for you on the 10th November, 1854. The 
cannon was of cast iron, cast over an internal tube of wrought iron, 
We are, Sir, yours faithfully, 
. CLARK AND Co., Engineers, 
Captain Palliser to Clark and Co, 
1854. 
Nov. 10. To turning and finishing a cannon, painting, &. g2 20 
No. 5, 
I, Charles Moritz, engineer, do hereby certify that I finished 
tarning this gun for Captain Palliser on or before the 10th of 
November, 1854, and I can also identify the gun, both by the 
pattern and by having filled up with lead some blow-holes caused 
by faulty casting. The gun is made of cast iron, cast over an 
internal tube of wrought iron. 
Signed, 17th day of Sept., 1863, CHaARLEs Moritz. 
39, Lamb's Conduit-street, W.C. 
Witness, Edmund Taylor, 7, Russell-terrace, N.W. 
No. 6. 
British Museum, May 26, 1866, 
My pDEAR Patuiser,—I have much jeorouse in stating that, 
during the year 1854, you were living with me in my chambers at 
13, Gate-street, Lincaln’s-inn-fields, and that, during the summer 
and autumn of that year, you were occupied in making small guns, 
by casting the barrels over a central tube of wrought iron. On one 
occasion, in the beginning of October, I went with you to Erith and 
witnessed some of your experiments with them. Towards the end 
of November, 1854, you left me, and went to Dublin. 
I am sincerely yours, 
Ww. 8. W. Vaux, 
Keeper of the Coins and Medals, British Museum. 








On either side of the vessel, immediately under the cabin floors, 


Major Palliser, &. 
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RAILWAY ACCIDENTS. 

At the conclusion of Col. Yolland’s report* upon 
the collision at the Shoreditch station of the North 
London Railway, which occurred on the 19th May 
last, and which arose entirely from the signal-man hav- 
ing erroneously signalled “line clear” upon the tele- 

raph instruments, while the line was actually blocked 
y a disabled train, he says : 

“The collisions due to mistakes on the part of 
signalmen in giving ‘line clear’ when it is not clear 
are so frequent, that I think it would be very desir- 
able for the directors of the North London Railway 
Company to try the experiment of laying down a 
separate telegraph wire, to be worked by the engine 
passing over call yressing down a treadle at the station 
in advance, and thus making the circuit complete, and 
causing a bell or gong to be sounded in the telegraphic 
signal box which the train has recently left, thus mak- 
ing every train telegraph back its own arrival at the 
next station in advance, in addition to the signalman’s 
telegraph signal ; and no train should be permitted to 
leave a telegraphic station until both signals had been 
thus received. That would act as acheck on the signal- 
man.” 

There can be no doubt that most of those serious 
accidents that have occurred upon the best protected 

ortions of our great trunk lines, the lamentable 

lackheath Tunnel accident on the South Eastern Rail- 
way, the peculiar double accident in the Welwyn 
Tunnel, on the Great Northern Railway, and many 
others which will be fresh in the memories of our 
readers, are attributable to a great blot in our system 
of working busy lines by aid of the electric telegraph, 
and which has been ably seized upon and made the 
subject of an admirable suggestion by the gallant 
colonel. The safety of our traffic and the lives of 
millions of our fellow beings depend upon the will 
and memory of the overworked, uneducated, and ill- 
paid signalmen employed upon our railways. One 
false move, one erroneous signal, from a confused and 
muddled porter, and two precious and heavily laden 
trains are clashed together in the terrible grasp of 
death. Is it not possible to remove to some extent 
this fearful responsibility from the shoulders of the 
men in whose hands our lives are placed? Cannot the 
train itself, which possesses sufficient energy to exer- 
cise any amount of force, be made to register its own 
progress, and its own clearance from a particular sec- 
tion of line? Colonel Yolland would make it signal 
back its own arrival upon a separate wire ; but the 
signalman has still the power to give the clearance sig- 
nal, which is still open to error, and can only be 
slightly checked by the signal from the engine. 

This is not enough. It should be absolutely out of 
the power of the signalman himself to clear the section 
of line over which he presides, after once a train has 
been signalled into it, until that train has actually 
passed his box. The responsibility of clearing the line 
should rest with the obstruction itself, and not with the 
erring mortal to whom is now entrusted this arduous 
and responsible task. That such a system is not only 
practical, but actually in operation, will surprise some 
of our readers. We have had the pleasure of seeing it 
at work at the Chiswick station of the London and 
South-Western Railway, and we give in another column 
a detailed description of this valuable invention. This 
line is worked on the block system. Two trains are 
not allowed to run on the same rails in the same direc- 
tion between two stations at the same time. They are 
thus kept apart by an interval of space which is sup- 
posed to be curative of all collision. When a train 
enters a section its departure is signalled to the station 
in advance. The signalman at that station blocks the 
line, as it is termed, behind the advancing train, by 
showing a signal, “Train on line,” “ Line blocked,” or 
raising a small semaphore arm to danger, to prevent 
any following train from entering the section. When 
the train arrives at the station in advance, this signal 
is removed by the signalman stationed there, and 
“ Line clear” exhibited, thus franking permission for 
another train to follow. It is the accidental, wilful, or 
thoughtless delivery of this “uine clear” signal which 
has proved so disastrous in many cases, = which is 
the weak point of the present “ block” system of work- 
ing that Col. Yolland has attempted to remedy, and 
which is completely obviated by Mr. Preece on 
the London and South-Western Railway. The sig- 
nalman towards whom the train is advancing, when 
he receive notification of the entry of the train upon 
the section of line under his charge, “ blocks” the line 
behind this train by a simple mechanical movement, 
which transmits or breaks off, as the case may be, a 





* See Reports of Inspecting Officers of the Railway Depart- 
ment, B of Trade, part 3, 1866. daiiesis 


current of electricity to give the necessary signal, “ Line 
blocked.” In effecting this movement he locks or 
fixes his apparatus so that it is impossible for him to 
reverse his instrument to give the “ Line clear” signal. 
This apparatus remains locked and immoyeable until 
the train has passed his signal-box, when, by a very 
simple self-acting arrangement, the engine in passing 
unlocks the mechanism to enable the signalman to give 
the necessary signal “ Line clear.” Thus, the responsi- 
bility of giving the clearance signal still rests with the 
signalman, but the power of doing so is removed from 
his hands until the passing train has given him the 
necessfry means of doing so. It is a very simple con- 
trivance, and is applicable to all those numerous sys- 
tems of electric signalling whose name is legion. It 
is a somewhat remarkable fact that no two lines running 
out of the metropolis work their traffic upon the same 
telegraphic system. Every line has its own plan. Is 
this because electric signalling is not yet understood ? 
or that railway managers take so little interest in this 
important branch of railway working that they seize 
the first plan that is offered to their notice? The same 
was once observed of out-door signalling. Every line 
had its peculiar dise or bar; but now the universal 
semaphore is supplanting all the old half-moons, wings, 
dise and bars, and other eccentricities, and the time 
must surely come when the system of the electric sig- 
nalling of trains will be-similarly homogeneous. 





DISTILLING SEA WATER. 


In the northern part of Chile, near the coast, rain 
seldom or never falls, and fresh water, in large quan- 
tities, is nowhere obtainable. On the opening of the 
Copiapo Railway, from the port of Caldera inland, it 
became necessary to distil sea water for the supply of 
the locomotives, and the quantity distilled at length 
became as much as 15,000 gallons daily. As coal on 
the coast costs from 12 dollars to 15 dollars per ton, 
the process of distillation was in any case an expensive 
one; but the mode of distillation was such, that as 


-lmuch as 40 lb. of sea water were, we are informed, 


sometimes evaporated per pound of coal, so that the 
cost was not as great as would at first sight appear. 
This rate of evaporation would, of course, be impos- 
sible, except with special evaporating apparatus, the 
action of which may be easily calledioed: The engi- 
neer to the line, Mr. W. W. Evans, ordered from Mr. 
A. M. Perkins, of London, five steam boilers, four of 
which contained each a large number of condensing 
tubes, instead of the usual furnace and fire tubes. 
Indeed, these four boilers were true surface condensers, 
although the steam was condensed in them into hot 
water of considerable temperature and under consider- 
able pressure, The boilers were all thickly clothed 
with felt and ashes to prevent radiation, and were 
filled to the usual water Sel with sea water. A fire 
was maintained in the furnace of the first boiler of the 





series, and the water in it was thus evaporated under 
a pressure of perhaps 100 Ib., and at the usual rate of 
8 or 9 Ib. per mee oh coal. The steam was led into 
the tubes of the next boiler where it imparted its 


own heat to the sea water surrounding the tubes, and | 


thus raised steam, which was maintained at a some- 
what lower pressure than that in the first boiler. 
|Thus, suppose the steam in the first boiler to be at 
100 Ib. pressure, and to have a temperature, as it rose 
| from the brine, of 345° (being a little higher than the 
temperature of steam rising from fresh water under 
the same pressure), and suppose the steam in the 
isecond boiler to stand at 65 lb. and at 315°. Here is 
|a difference of temperature of 30°, sufficient for con- 
| densation, and thus all the steam from the first boiler 
| would be condensed into water of 345°, or a little less, 
(In condensing it would give off rather more than 875° 
| of latent heat to the water in the second boiler, so that 
‘each pound of the steam condensed would generate, 
| from feed-water at 70°, about ? lb. of additional steam 
|of 65 lb. pressure. The third boiler might be worked 
at 35 lb. and at 280°, the fourth at 14 Ib. and at 250, 
and the fifth at atmospheric pressure and 220° (accord- 
ing to the saltness of the water, fresh water boiling at 
212°). In this way there would be a difference 
of 30° or more between each successive pair of 
boilers—a difference sufficient to insure condensa- 
tion as the steam raised in one was let into the 
tubes of the boiler worked at the next lower pres- 
sure. As lower and lower temperatures were met 
in the series of boilers, each pound of steam used for 
heating would successively give off a higher propor- 
tionate quantity of steam in the boiler next below it. 
Thus, if one pound of steam in the fired boiler would 
generate three-fourths of a pound of steam in the 
boiler worked at the next lower pressure, the steam 
from the latter would generate, not three-fourths as 





much as the fired boiler, but rather more than three- 
fourths its own weight in the third boiler in the series, 
This is supposing the water to be fed to the boiler in 
each case at a moderately low temperature, say 60 , 
and supposing the condensed steam to be taken off at 
the temperature of condensation, say 220 to 345°, in 
the different boilers. If, however, the high temperature 
of the condensed steam were utilised in heating the feed 
water, a higher proportion of the heat of each pound 
of steam would be extracted from it. 

Mr. Evans has informed us that as much as 40 Ib. 
of water were evaporated per pound of coal, in the 
case of the range of boilers at Caldera; but we believe 
no definite report has ever been made upon their per- 
formance. We do not even know the exact pressures 
at which they were worked, and we have taken the 
pressures, already mentioned, only for illustration, 
Supposing a difference of temperature of 10° or 15° 
to be sufficient for the active condensation of steam, 
then a lower range of pressures would not only suf- 
fice, but would give better results than we have 
roughly estimated, results which show about 25 lb. to 
30 lb. of water evaporated per pound of coal, without 
reckoning the considerable fans by blowing off to pre- 
vent salting. 








NOTES ON STEAM AND STEAM-ENGINES. 
Less coal is frequently consumed in steam vessels by work- 
ing three, instead of two, boilers out of four, when it is desired 
to go on under half power. This fact. proves the advantage of 





a heating surfaces. 


| James Watt patented, in 1782, means for working steam ex- 

| pansively, and his specification, No. 1321 (price Is. 3d.), shows 

| a carefully drawn expansion curve, in which, at every point of 

| the stroke, the pressure is assumed to be in inverse ratio to the 
space occupied by a given weight of steam. 

The nominal horse-power of a steam-engire is found, by the 
Admiralty rule, by multiplying the square of the cylinder’s 
diameter in inches by the velocity of the piston, and dividing the 

| product by 6000. ‘The velocity of the piston is assumed to be 
—viz., for a 4-ft. stroke, 196 ft. per minute; 43-ft, stroke, 
204 ft.; 5-ft., 210 ft.; 53-ft., 216 ft.; 6-ft., 222 ft.; 6i-ft.. 
226 ft.; 7-ft., 231 ft.; 74-ft., 236 ft.; and at 8-ft. stroke, 
240 ft. per minute. 

The sixth clause of Watt’s original specification of his steam- 
engine reads as follows: “I intend in some cases to apply a 
degree of cold not capable of reducing the steam to water, but of 
contracting it considerably, so that the engines shall be worked 
by the alternate contraction and expansion of the steam.” 

Boulton and Watt’s rule for estimating nominal horse-power 
was to multiply the area of the piston in square inches by an 
assumed pressure of 7 lb. per square inches; this product by 
an assumed velocity of 128 ft. of piston in feet per minute; 
this product again by the cube root of the length of the stroke 
in feet, and by then dividing the final product by 33,000. The 
cube root of the length of stroke in feet, multiplied by the 
square of the diameter of the cylinder in inches, and the 
product divided by sixty gives an approximate result to the 
above, and was the rule commonly employed in the practice of 
the above firm. 

If a glass gauge tube be fitted to a steam-engine cylinder 
(without a steam-jacket and working steam which has not been 
superheated), the interior of the tube will be dull with moisture 
at the beginning of each stroke, and perfectly clear and dry 
towards the end of the stroke. 

In sugar refineries, the saccharine fluids are elevated by the 
direct pressure of steam acting upon them in a close vessel com- 
municating with the pipe through which the fluids are to be 
raised. The same system has been adapted to raising water for 
locomotives. 

One of Morrison’s steam cranes was once loaded with 45 cwt., 
the steam cut off from the boiler, and the load left to hang from 
the crane by the power of the steam already in the crane 
cylinder. After hanging for half an hour the weight had 
descended only 4 in. 

The two double engines employed at the Hull Waterworks, 
rior to 1845, consumed 233 1b. of coal per horse-power per 
our. 

The maker of the engine for the first ‘‘ Comet,” John Robert- 
son, was the first who put side levers to the marine engines, and 
the first who made the long common slide valve (not the D); he 
was also the first maker or inventor of the short three port valve, 
now universally used in the locomotive. 

According to Mr. Ralph Moore, mining engineer, of Glasgow, 
the best of the Scotch-made pumping engines lifts ouly 
18,333,333 Ib. 1 ft. high by the expenditure of 112 coal, equal 
to 12 1b. coal per effective horse power per hour. Another lifts 
but 13,000,000, and a third 15,000,000 with the same coal. 

With well-fitted piston packing-rings a pressure of between 
3 lb. and 41b. per square inch of their bearing surface 1s 
sufficient to keep them tight, whatever may be the pressure of 
steam worked in the cylinder. 

It is. well known that steam may be highly superheated 
whilst in contact with water. In the lofty steam domes 0 
some varieties of marine boilers, the steam heated by the heat 
passing through the uptake is often at a temperature of from 
340° to 400°, when that of the water is only 260°. b 

In engines with exposed cylinders the loss of the effect of the 
steam by condensation, when working very expansively, some- 
times amounts to over 40 per cent. Besides steam-jacketting, 
the cylinders, it has been proposed to employ pistons with non- 
conducting surfaces. — 10 Ib 

Watt's engines, as left oy Se in Cornwall, consumed . 
of coal per horse-power per hour. Aes 

A be le ee ves michel at the Salisbury Agricallursl 
Show, in 1857, at a pressure of nearly 300 lb. per square in Be 
and at an expenditure of fuel of but 14 Ib. of coal per horse-pow 
per hour. 
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Watt’s originally steam-engine patent (specification No, 913, 
old law, price 3d.) was dated Sth of January, 1769. It 
contained no drawings of his engines. On the 22nd May, 1775, 
this patent was extended to 22nd May, 1800, and it was also so 
enlarged as to protect Watt’s invention in Scotland, for which 
the original patent did not provide. ‘ 

It is found that, in a locomotive fitted with good valve-gear, 
the actual period in which a cylinder full of steam ig discharged 
jnto the air is less than the one-fortieth part of one second. 
When running at very high speeds the piston makes about ten 
single strokes a second, and the actual period of exhaust is less 
than one-fourth of that in which each stroke is made. 

Jacob Perkins expanded steam in two cylinders to 64 times 
its original volume; Mr. Craddock expanded 82-fold; and 
Messrs. Rowan’s engines expanded 16-fold. 

Mr. Fothergill has mentioned a case where, in consequence of 
too highly superheating the steam employed to work a large 
factory engine, the condensed water from the engine became 
charged with rust to such an extent as to spoil a large quantity 
of goods, for washing which the water was saved. 

In the Cornish engines, the impact or percussion of the high- 
pressure steam pi om admitted upon the large pistons has 
teen found to “spring” the cylinder covers. These were 

formerly stiffened by stout ribs dividing their upper sides into 
seomental cells, but as the cover was thereby deprived of all 
elasticity it broke under the shock just’ mentioned, and the 
form and arrangement of these ribs have been changed in 
consequence. : > 

Steam valves (of cast iron) have been ground to their seats 
and an excellent surface, resembling enamel, obtained by the 
use of oil alone, the valves being very heavily weighted and 
ground slowly for twenty-four hours. ; . 3 
* In working superheated steam in condensing engines, it is 
found that but about two-thirds as much injection water are 
required as when ordinary saturated steam is worked. 

ina steam cylinder where there is little or no compression 

sfer the closing of the eduction port, the sudden admission of 

steam upon the piston will cause the pencil of the indicator 
(where one is attached) to leap to a point considerably above 
that corresponding to the pressure of steam in the valve-box. 
That this result is partly caused by the impact of the steam, 
and not by the momentum alone of the pencil, has been 
proved by holding the finger firmly upon the pencil, when it 
was found that a positive blow was imparted, the degree of 
force being quite beyond anything which could have proceeded 
from the momentum of the smali moveable parts of the instru- 


ent. 

The exhaust pipes of stationary engines, where made of very 

thin sheet metal, have sometimes collapsed in consequence of 
the partial vacuum formed by the action of the steam ascending 
within. 
Steam, of a pressure of 1 Ib. per square inch above the at- 
mosphere, escapes into the open air at a velocity of 482 ft. per 
second; at 130 per square inch the velocity is 2004 ft. per 
second. Steam of 101 1b. pressure flows into steam of 100 Ib. 
at a velocity of 207 ft. per second. 

Mr. Fairbairn has found that when ordinary saturated steam 
is superheated, its expansion for the first 5° is three times as 
great as that of air. As the superheating is increased the rate 
of expansion gradually falls off to that of air. , 

The specific gravity of steam, of atmospheric pressure, is very 
nearly .5, or one-half that of air. In most works of reference 
it is generally given as the mean of its constituent hydrogen or 
oxygen, or .62. s 

Most steam-cylinders of large diameter will, if the bore be 
circular when standing vertically, become oval by their own 
weight when laid horizontally. 

The speed of the piston of a steam-engine being taken as 1, 
the speed of the crank-pin with which it is connected is always 
1.57. In adouble stroke of 10 ft. the crank-pin moves through 
31.4159 ft. 

In blowing off a steam boiler under a moderate pressure, 
after the water has escaped, the hand may be held without in- 
convenience in the dry steam which follows; when, however, 
the steam begins to come so slowly as to have time to condense 
upon the hand, the latent heat, not until then disengaged, will 
scaid severely. 

‘The total steam power at work in the British empire is equal 
h that of 10,000,000, horses, besides 4,000,000 horse-power 

oat. 

The admission of steam to, and its exhaustion from, one end 

of a flattened bent steel tube, resembling that of the steam 
pressure-gauge, has been made to produce a very rapid motion ; 
the instrument thus constituting a true steam-engine. 

Alder wood has been successfully used for packing: the air- 
pump buckets of steam-engines. 

Steam-pistons have been used in which the pressure of the 
Steam was employed to press the rings into contact with the 
bore of the cylinder. 

The power delivered by an engine is considered to be its theo- 
retical power less the friction of its own parts. Morin ascer- 
tained that after the friction of an engine, working at its proper 
Speed without load, had been determined, 74 per cent. of the 
remaining power was expended in overcoming the additional 
friction of the engine caused by the load brought upon it. A 
steam-engine working without load has been moved with an 
effective pressure of 3 Ib. per square inch of the pistons. 

Messrs. Clayton and Shuttleworth, of Lincoln, have made u 
wards of 8000 portable steam-engines, and their new works 
have a capacity equal to the construction of 800 engines yearly. 

Circular saws for cutting the ends of railway bars have been 
Sometimes driven directly by an eolipile, or reacting steam- 
engine, making 2000 revolutions per minute. 

Nn non-condensing engines the steam, when cut off early in the 
stroke, is often exponded below the atmosphere, the result being 
not merely that there is no gain, but a positive and often con- 
siderable loss. : 

Water boils in a vacuum at 88°, and condensing engines are 
a gs worked at a pressure below that of the atmosphere. 
” — < be hollow curved spring of the steam-gauge was 

hg Fe ome ten Bourdon, by the uncoiling of the worm- 
pipe of a still, into which pipe water was being forced to restore 


to a circular form a portion of th A 
cidentally flattened. . a Nee 


Steam is aMvays fresh, and thus all the solid matter contained 
| in the feed water, whether it be salt, chalk, or vegetable 
| substance, is left in the boiler. With twenty grains of solid 
| matter aed gallon of water, the deposit in a boiler evaporating 
| 2000 gallons daily would, in one year, amount to about one ton. 
| A steam cylinder has the least cooling surface when its 
diameter and length are equal. 

In a steam-engine at work, the pressure on the guide-bars is 
always in one and the same direction.’ In the case of a locomo- 
tive, when running forward, the pressure on the guide-bars is 
always upwards. 

The piston, piston-cover, and rod of each of the 74-in. paddle- 
cylinders of the Great Eastern weighs about 9 tons, equal to 
4§ lb. for each square inch of the area of either side Thus, but 
for the counterweights, a pressure of 43 lb. of steam per square 
inch would be required to lift the piston, which, on its descent, 
aids the steam by that amount, making a difference of 9} 1b. 
pressure of steam required on the up and down strokes. 

When a spheroid of water rests upon a hot metallic plate, there 
is a visible space between the water and the plate, as may be 
observed by bringing the eye to the level of the plate. 

If steam be permitted to flow from a boiler into a nearly 
vacuous space, and without imparting motion to another body, 
the temperature of the steam entering the space will rise much 
higher than that of the steam in the boiler. 

The general cost of superheating apparatus is about 2/. per 
nominal horse-power. 

The duty of Messrs. Clayton, Shuttleworth, and Co.’s 
agricultural engines, as ascertained during successive years by the 
judges of the Royal Agricultural Society, was as follows: In 
1849, 11.8 lb. of coal per indicated horse-power per hour ; in 1850, 
7.77 Ib. ; in 1851, 8.63 1b.; in 1852, 6 lb.; in 1853, 4.32 Ib.; 
in 1854, 5.19 Ib.; and in 1855, = 

Mr. Gooch employed a 12-in. balance-pistons for the backs 
of locomotive valves where the exhaust port was 13 in. by 33in., 
and the steam ports each 13 in. by2 in. The area of the three 
ports was 974 square inches, that of the balance-piston being 
113 square inches. These balance-pistons were soon abandoned. 
Mr. Bourne employed one 6f 21 in. diameter, having an area of 
346 square inches for three ports, each 44 in. by 24 in., 
and having a total area of 324 square inches. In this case the 
valve was partially lifted from its seat at every stroke. 

A very large number of stationary steam-engines in America 
are regulated by variable expansive gear, the point of suppression 
being controlled by the governor. This mode of controlling 
the speed is very efficient, and it often happens that, with 
uniform speed, the steam is cut off at one-sixth stroke during 
one revolution, and admitted to the full stroke on the next. 

Watt illustrated a trunk engine in his patent for a steam- 
hammer in the year 1784. 

The winding engine at the great Dunkinfield coal pit has a 
60 in. cylinder and an 8 ft. stroke, the largest employed any- 
where for a like purpose. 

Mr. Bourne’s air-pump buckets, for engines of moderate power, 
were made as solid pistons of brass, very wide on the edge (say 
one-half the diameter in width), into which three or more 
grooves were turned to hold water, and these were sufficient to 
secure tight packing. The same kind of piston has been pro- 
posed for locomotives. 

M. Bourdon has successfully applied the bent tube of his 
steam-gauge to a steam-engine indicator, the action of which is 
all that can be desired. The card is carried on a flat plate which 
is made to rise and fall at each double stroke of the piston. 

A steam whistle employed at a rolling mill at Toronto, Canada 
West, is 14 in. in diameter. 

The paddle-shaft of the Great Eastern, the largest ever 
forged, is 26 in. in diameter. It is doubtful if, with the present 
means for forging iron, a sound shaft could have been made 
sufficiently large for transmitting the power of both the paddle 
and screw engines, of say 12,000 horse power. 

The American steamboat Metropolis has a single engine the 
cylinder of which is 105 in. in diameter, the stroke being 12 ft. 

The engines of the packet steamers, running between South- 
ampton and Havre, have each three cylinders, open at the top, 
the steam acting on one side only of each piston. 

The price of marine screw engines in the north is from 367. to 
42/. per horse power. On the Thames the prices rangéfrom 501. 
to 55/. Paddle engines are about 5/. per horse power dearer 
than screw engines. 

Three ocean steam ships, recently running from Southamp- 
ton, have single-cylinder engines; the Ocean Queen having a 
single 90in. cylinder and 12 ft. stroke, whilst the Ariel and 
North Star had single cylinders of smaller dimensions. 

About one-half of all the engines constructed for the French 
navy are made by Mazeline, of Havre. About 1000 men are em- 
ployed in his workshops. . 

The application of two marine engines placed at or nearly at 
right angles to each other, and working together upon a single 
crank, was patented in June, 1822, by Marc Isambard Brunel. 
A “marine governor,” with four balls, connected so as not to 
gravitate in any direction—a spiral spring being employed “asa 
Substitute for gravitation "—was described in the same patent. 

The original engines made for the steamship Great Britain 
required the united efforts of eight men to start them into 
motion. 

Brine-pumps were first employed on board the City of 
Edinburgh steam-packet in 1821, some years before Mr. Field’s 
patent. This vessel was the first, also, fitted with a bilge in- 
ection. 

, Paddle-wheel engines generally require less oil, and therefore 
have less friction, than screw engines of the same power. 

The first oscillating engines made by Mr. John Penn were 
those for the first boats of the Iron Steamboat Company, con- 
structed in 1837. 7 

The first commercial screw boats—Water Witch, Mazeppa, 
and Erin’s Queen—built on the Clyde by the Messrs. William 
Denny and Co., and engined by Messrs. Caird and Co., had di- 
rect-acting engines (vertical), each engine having a separate 
crank-shaft and two side connecting rods, with a diagonal link 
between the after crank-pin of fore engine and fore crank-pin 
of after engine, thereby adjusting the engines at right angles to 
each other. ; 

The brasses of paddle-shafts always wear most on their 
forward sides. 








The engines of the Arrow, government boat, having a stroke 
of 21in., have connecting rods only 37 in. long. The Intrepid’s 
engines have 27 in. stroke and a 51 in. connecting rod. 

Oscillating engines were applied in 1835 by Cavé, of Paris, to 
the Courier steamboat, employed on the Dover station. 

Authenticated facts joatify the belief that marine steam- 
engines will yet be worked with an expenditure of 1b. of coal 
t horse power per hour. In this case, a vessel like the Great 
astern, working 12,000 effective horse power, could run seventy 
days, as to Australia end back, with 9000 tons of coal, being at 
the rate of 128 tons a day. 

The engines of H.M, steam-vessel Encounter, work up to two 
effective for every one of nominal horse power. In the engines 
of the Agamemnon the proportion is as 3 to 1, in the Undine 4 
to 1, in the Banshee 5 to 1, and in the Elfin 6 to 1. The engines 


mI 





of the Banshee, of 350 nominal horse — work up toa greater 
effective power than those of the Retribution of 800 nominal 
horse power. 


The estimated consumption of coal, per horse power per hour 
in steam vessels, is estimated to be one-half greater in regular 
working on long voyages than upon careful trials with new 
machinery. 

In the engines fitted by Messrs Seaward, to the Penelope, 
double equilibrium valves, two for induction and two for exhaus 
were applied to each cylinder. This arrangement is in genera 
use on the American steamboats. 

The weight of engines, boilers (with water), paddle-wheels, 
coal bunkers, and spare gear of a large number of marine 
engines for which estimates were made to the Admiralty, varied 
between 11.03 and 17.63 ewt. per nominal horse power. 

In the Marlborough, screw ship of war, there are two valve- 
seats, and two valves to each of the cylinders, and the power re- 
quired to move the four valves has been estimated at 100 horse 


power. 

The Lord Raglan, screw steamer, has four eccentrics to each 
cylinder. Two work the main steam-valve by means of a re- 
— link, and the other two work a variable expansion- 
valve. 

Mr. Bourne applied balance-weights to counteract the 
momentum of the reciprocating parts of: marine engines in 
asi The Himalaya had balance-weights applied soon after- 
wards, 

Mr. Bourne was the first, we believe, to make single-cylinder 
engines for screw vessels. This kind of engine is now generally 
adopted in America for screw vessels, being lighter ant simpler 
than, and equally as effective as double-cylinder engines. 

In the best forms of ro angen apparatus the tubes and 
plates are somewhat thicker than those for boilers. A thick- 
ness of in. for a 2in, superheating tube is reckoned about 
right. “This is to provide against the increased wear of such 
apparatus. 

if any quantity of boiling water (at 212°) ‘be poured into 
a broad shallow pan and allowed to cool to 60°, about one- 
eighth of the whole will be dissipated in vapour. 

Eugene Bourdon’s steam pressure-gauge was patented in 
England by Charles Cowper, December 15th, 1849. ‘The number 
of the specification is 12,889, price 1s, 6d. 

The side-lever arrangement of the steam-engine is attributed 
to Mr. William Fairbairn. 

Apparatus for mixing ordinary with superheated steam is in 
general use in connexion with superheating apparatus in steam 
vessels. 

Steam generated from salt water is always more or less super- 
heated at the moment of rising from the water. When gene- 
rated from water of y% saltness it is 24° hotter than steam 
raised from fresh water, and when raised from water at ,*, density 
it is 4.7° above the temperature due to its pressure. 

Four steam engines were in existence in the year 1714, two of 
them being employed in the coal mines near Newcastle. 

Mr. James Whitelaw, of Paisley, applied, as long ago as 1834, 
apparatus for varying the amount of expansive workiag in steam- 
engines, by means of the governor. ‘Titis apparatus is illustrated 
on the 28th page of the third volume of the Practical \lechanic’s 
Journal (1850). 

One of James Watt’s engines, the second erected by Boulton 
and Watt in London, is still in excellent working order at Messrs. 
Combe, Delafield, and Co.’s brewery, Long-acre. It has a 24 in. 
cylinder and 6 ft. stroke, and works at a pressure of 10 1b, per 
square inch. 

There were seventy-one stationary, seventeen locomotive, and 
twenty-four marine engines exhibited at the Exposition Univer - 
selle, at Paris, in 1855. 

Steam was conveyed in pipes to a distance of over 800 ft. to 
drive engines which were worked in the Great Exhibition. 

Superheated steam will take up or convert water into ordinary 
steam. 

It is estimated that 2000 steam-engines of « commercial 
horse power of 120,000 are in use in the collieries of Great 
Britain. 

Jacob Perkins was so impressed with the supposed disadvan- 
tage of superheating steam, that in one of his patents (22nd 
March, 1827) he specified means whereby the steam generated 
in his water-tube boilers should be made to pass through water 
of the same temperature as that at which the steam was made. 
In this way he could insure the saturation of steam when it had 
been accidentally superheated. 

With James Watt’s “sun and planet”. motion, the engine 
shaft makes two revolutions for every double stroke of the 
piston. 








Tue Gatway SreAmers.—The liquidators of the Imperial 
Mercantile Credit Association are offering for sale by private 
contract four large ocean steamers, ‘averaging 1000 horse power 
—namely, the Hibernia, of 3007 tons; the Columbia, of 2918 
tons; the Anglia, of 2949 tons; and the Adriatic, of 3670 tons. 
The first three are lying at Birkenhead, and were built in 
England. The last is lying at Southampton, and was built at 
New York. These vessels formed part of the Galway mail 
speculation. 

Bertin “Sewers.”—Nearly, if not all, the drainage of 
Berlin is upon the surface, open canals or gutters forming the 
only sewers. The city contains a population of 680,000. During 
the late visitation of cholera the deaths numbered about 4000. 
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THE WORTHING PIER. 


CONSTRUCTED FROM THE DESIGNS OF R. RAWLINSON, ESQ., C.B. 
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WE give, in the accompanying illustration, engravings showing 
the general arrangement and details of a pier erected at Worthing, 
from the designs of Mr. Robert Rawlinson, C.B. The pier is 
960 ft. long, and consists of twenty-four spans of 40 ft. each, as 
shown in Fig. 1. The width of the pier is 15 ft. for the greater 

art of its length; but two spans have their width increased to 
30 ft., as shown in the plan, Fig. 2, and the second span from 
the outer end is made 60 ft. wide, so as to form a pier-head and 
afford accommodation for seats, &c. 

Each span consists of three lattice girders, the two outside 
ones forming the hand-rails of the ~ whilst the central girder 
is placed beneath the platform level. This arrangement of the 
girders is shown in the cross-section, Fig. 5. The side girders 
are 4 ft. 4fin. deep over all, and one of them is shown in side 
elevation, in Fig. 3. The top members of these girders consist 
of two angle-irons, each 4 in. by 3 in. by j in., and a curved iron 
about 64in. by gin. The lower members are formed of two 
angle-irons 4 in, by 3 in. by 2 in., and the chief lattice bracing of 
angle-iron 3 in, by 3in. by 2 in. The vertical struts, which are 
doubled over the supporting piles, are formed of T irons 5$ in. by 
Bin. by 2 in., and the eight panels, into which the vertical struts 
divide each girder, are filled up by the intersections of a number 
of strips of strap iron, 1 ia. by yin. 

The central girders, one of which is shown in Fig. 4, are 
8 ft. 8 in. deep over all, and their top members are formed of 
two 4in. by 3in. by 2 in. angle irons, and a plate 63 in. by 3 in. 
whilst the bottom members are formed of two angle irons 
only, these being each 4in. by 3in. by gin. Each girder 
is divided into eight panels by vertical struts of 5§ in. by 3 in. 
by fin. T iron, and the cross bracing is composed of 3 in. by 
Sin. by * in. angle irons, The timber cross joists, upon which 
the platform is supported, are each 3} in. by 34in., and are 
strengthened by 3} in. by 3hin. by 2 in. angle irons. Their 
ends rest upon the lower flanges of the outside girders, and their 
centres upon the tops of the central girders, as shown in the 
cross section, Fig. 5, and they are covered with 2) in. planking 
laid with open joints. 

The piers of each span (except at those parts where the 
width of the pier is a poy bow each formed of three cast- 
iron columns, the central one being placed vertically, and the 
two outer ones raking inwards. ‘Tiese columns are 7 in. in dia- 
meter outside, and are formed of metal gin. thick; they are 
made in 9 ft. lengths joined in the way shown in Fig. 7. The 
outer columns have short lengths at their upper ends, these 
making up the additional length needed in the outer columns to 
bring them up tothe level of the outer girders. The central 
girders and the upper lengths of the outer columns are braced 
together by cross-bracing formed of 3 in, by 3in. by 3 in. angle- 
irons and 3in. by jin. flat iron, as shown in Fig. 5. The 
lower parts of the columns are also connected by a cross bracing 
formed of 1} in. round tie-bars, the connexion between these 
ties and the columns being shown by Figs. 8 and 9. The lower 
ends of the columns, which are provided with flanges secured 
by keys, are sunk 7 ft. below the level of the beach, and thiose 











forming each pier are tied together at the surface of the ground 


by a pair of cast-iron stays 9 in. deep and Lin. thick. The lower | 
ends of the columns of one pier are shown in Fig. 6. The pier is | 
fitted with landing-stairs at the head, as shown in the elevation, | 


Fig. 1, and the whole cost of the work was only 50002, or a 
little over 52. per foot run. Our engravings have been prepared 
from drawings which have been kindly lent to us by Mr. Raw- 
linson, 





this boiler in the States are quite opposed to its decided failure 
here, we may note that a competent mechanical engineer, just 
returned from America, informs us that the Harrison boiler at 
Messrs. Sellers’s works, Philadelphia, does *‘ leak considerably.’”’ 

Iron Brince over THE THAmMes AT CookHAm.—The 
Reading Mercury says of the late Cookham bridge competition : 


“ Those of our readers who are in the habit of driving over that | 


rickety old wooden bridge at Cookham will learn with pleasure 
that the proprietors have at last determined to erect an iron 
bridge on the site of the present one. In order to get a selection 
of the very best plans that could be procured, the directors ad- 
vertised for plans and estimates without binding themselves to 
accept the lowest tender, but offering two prizes of 20. and 102. 
for the two best rejected designs. In answer to this appeal no 
less than 37 drawings were sent in, the estimates for which 
varied from 19007. to 27,0007. On Thursday, the 16th inst., 
the company held a general meeting at the King’s Arms Inn, 


at Cookham, and selected three best designs by Messrs. Pease, | 


of Darlington, Messrs. Peto and Betts, London, and Mr. John 
Pinchbeck, of 27, Leadenhall-street, London, formerly engineer 
and manager to the Reading Iron Works Company. Ultimately 
the tender of Messrs. Pease for 2650/. was accepted. The 
prizes of 202 and 102 were awarded respectively to Messrs. 
Peto and Betts, and Mr. J. Pinchbeck, whose tender was 
lux Bessemer Process In Amertca.—Very large Bes- 
seer steel works are being erected at Harrisburg, Pennsylvania, 


on the Susquehanna river, and at the intersection of several | 


important lines of railway. The works are owned by the 
Peansylvania Steel Company, whose shareholders number 
many wealthy engineers and manufacturers in Philadelphia. 
Rich and very pure ores are found within an easy distance in 
the Juniata valley, and “franklinite,” the American “ spiegel- 
eisen” and very rich in manganese, is produced in abundance 
in the neighbouring state of New Jersey. Messrs. Merrick and 
Sons, of Philadelphia, have nearly completed a large pair of 
blowing engines for the works. 
40 in, diameter, and the two air cylinders 54 in. 
are placed horizontally, and the air-pump pistons connected 
directly with the rods of the steam pistons. The engine has a 
crank-shaft and fly-wheel, and the steam slide-valves are 
arranged on the sides of the cylinders, and worked directly from 
ccentrics on the crank-shaft. 


| the land enclosed is already drained and cultivated, and is far 


The two steam cylinders are | 
The cylinders | 








Tue Pappte SLoop-or-War Viraco.—This vessel was 
tried not long since at the Maplin Sands with very satisfactory 
results. The ship is of 1059 tons and 220 horse power, the 
engines being those originally fitted by Messrs. Maudslay, Sons 
and Field to the Rhadamanthus, in the year 1832, similar 
engines having been fitted at the same time to the Salamander, 
Phoenix, and Medea. They have 55}in. cylinders and 5 ft. 
stroke. After having done good service in the Rhadamanthus, 


| they were found to be still sound and fit for much further ser- 
. | vice, and were indeed put in in the place of much newer engines 
Tue Harrison Borter.—As the reports of the success of | 


taken out of the Virago. On the recent trial the Virago was 
fully rigged, having all her armament and 250 tons of coal on 
board. Six runs were made on the measured mile, giving an 


| average of 8.646 knots per hour, with a maximum of 23.5, and 


a mean of 22 revolutions of the engine per minute. The load 
on the safety valve was 181b.; the pressure of steam in the 
boilers, 17.916 Ib. ; vacuum condensers, 24.895 in. ; the draught 
of water forward, 13ft. 3in., and aft, 15 ft. 2in. Two runs 
were made at half-boiler power, giviag an average of 7.076 
knots per hour with a maximum of 16.5 and a minimum of 
15.75 revolutions of the engines per minute. The ship is pro- 
pelled by ordinary paddle-wheels 20 ft. 10 in. in diameter. 
ReEcLAMATION OF LAND FRoM THE SeA.—The Norfolk 
Estuary Company have just completed another embankment of 


| a mile and a half in length at Wolferty, adjoining the lands of 
| his Royal Highness the Prince of Wales and the Hon. Mrs. Mary 


Greville Howard, which was commenced in March last, reclaim- 
ing another 300 acres of land in ‘‘ the Wash.” This now makes 
a total of about 500 of the 32,000 acres to be recovered from 
the sea, for which the necessary funds were raised by the 
authority of an amended Act of Parliament in 1849. However 
insignificant this may appear, compared with the total amount 
of acreage to be recovered, still, the embankments now com- 
pleted are of the utmost importance, as the greater difficulty is 
always in the commencement of works of this nature; and we 
are informed it is the intention of the directors to follow this 
up with others of asimilar nature in rapid succession. Some of 


better soil than originally anticipated, a great part consist of 
a rich alluvial clay, with sand, the two working well together. 
The present work referred to has been carried out by Messrs. 
Row and Smith, the contractors. 
STEAM-PACKED EquILIBRiuM  SLIDE-VALVES. — Mr. 
Thomas Adams’s steam-packed valve is now in use on the North 
London, Great Eastern, Midland, North-Eastern, North Staf- 
fordshire, Caledonian, North British, Great North of Scotland, 
Manchester, Sheffield and Lincolnshire, Dublin and South 
Western, and Bombay, Baroda and Central India Railways. 
MerropouiraN SEwAGE.—A local act has just i 
printed, passed in the recent session, to authorise the es . 
Sewage and Essex Reclamation Company to make a new con fo 
in lieu of certain portions of their authorised conduit, and for 
other purposes. The conduit is to be completed within ten 
years, and extends to a number of miles in the county of Essex. 
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THE NEW FRENCH BREECH-LOADER. 


A CORRESPONDENT of the Times furnishes the following 
account of the Chassepot gun. This gun is the invention of M. 
Antoine Alphonse Chassepot, Head Viewer of Military Arms in 
Paris. It isa modification of the Prussian needle gun; the 
action is the same throughout in principle, but greatly improved 
jn detail. The result is an arm in every respect superior. 
The opening of the breech is effected, as in the needle gun, by a 
plunger, drawn backwards and forwards within the cavity of 
the breech by means of a lever projecting from it, which en- 

ages in a notch prepared to receive it when ready for use. 
fn the Prussian gun no special provision is made to prevent 
the escape of es past ‘the plunger; this in the Chassepot is 
accomplished by a triple wad of vulcanised india-rubber placed 
round the axis of the plunger, behind a steel plate which 
forms the front of the plunger, and which has a free 
motion backwards. ‘This plate is driven back by the force 
of the explosion upon the india-rubber, pressing it out so 
as to fill up the barrel, thus rendering it gastight. Of the 
three wads forming this cushion, the centre one is more elastic 
than the upper and lower, but all are harder than ordinary 
vulcanized india-rubber. The three wads together are about 
7-16ths of an inch thick. The gun is fired by a sharp-pointed 
steel needle, driven by a coiled spring of wire passing through 
the centre of the plunger The cocking is effected, as in the 
Prussian gun, by drawing back the tube containing the needle, 
but the arrangement is much simplified, and by means of 
notches ingeniously contrived it can be placed at half-cock. 
The cartridge exhibits an important modification of that of the 
Prussian gun. In the latter the fulminate is placed at the base 
of a papier-maché wad on which the bullet rests; the needle, 
consequently, has to penetrate through the — before ex- 
ploding the charge; this exposure to the flash soon injures the 
needle. Inthe Chassepot gun the fulminate is at the base 
of the cartridge, as in the English Boxer cartridge; but 
in other respects the arrangement is materially different from 
the Boxer, The fulminate is placed in a flanged copper 
cap of small size, having two holes at the bottom to permit 
the passage of the flame tothe powder. The cap is placed 
with its mouth towards the needle, in a paper wad, 
in the centre of which is a hole of a suitable size for its recep. 
tion, The flange of the cap resting on the wad gives the neces- 
sary resistance to the blow of the needle. This wad forms the 
bottom of the cartridge. A thin piece of paper covers the end 
of the cartridge and the mouth of the cap; the needle has only 
to penetrate the paper before entering the cap. The weight of the 
bullet is 886 grains, charge of powder 55 grains, the total length 
of cartridge 2g in. The diameter of the cartridge is ;ths of an 
inch larger than the bore of the barrel, the latter being .432 in., 
or less than 7, ths of an inch. The breech end of the barrel for 
the length of about 3} in. is opened wider than the bore, tapering 
by steps from $ in. at the face of the plunger to the size of the 
bore, 4382in. Projecting from the face of the plunger is a 
tube ths of an inch outside diameter and about gin. long, 
through which the needle passes. The base of the cartridge, when 
in the chamber, rests against the end of this tube; between the 
cartridge and the face of the piunger there is, therefore, an 
empty space round the projecting tube. The object of this space 
is to effect the combustion and removal of any portion of the car- 
tridge case that may remain after firing. The wad containing the 
cap must necessarily remain, and requires removal before the next 
cartridge can be inserted. The weight of the gun without the 
bayonet is 8 lb. 15 oz., the total length 51 in. The‘bore of the 
barre] is 482 in. It is rifled with four grooves having one turn 
in 21}in, We have here a close approximation to the system 
of Mr. Whitworth, whose bore, as is well known, is .451 in., the 
grooves having a turn in 20in, The system is not applicable 
to the conversion of existing guns, and as it is a difficult and 
costly gun to make, it must be a work of time to obtain the ne- 
cessary supply for arming the French forces. We have ex- 
pressed the opinion that this arm is throughout its details in 
every way superior to the model from which it is imitated, the 
Prussian needle gun. When compared with the Snider gun, 
adopted for the English service, it is behind it in simplicity, 
rapidity, and freedom from liability to derangement. Its light 
bullet and small charge cannot equal in range and execution the 
530 grain bullet, propelled by 70 grains of powder of the Boxer 
cartridge ; nor is the cartridge impervious to wet, like the Boxer, 
which is found to be effective even after being steeped in water 
for a length of time. On the other hand, this lighter charge 
enables the French soldier to carry ninety cartridges, weighing 
no more than the Englishman’s sixty. This is a point that may 
bs deserve the consideration of our authorities of the War 
ce, 








THE AMERICAN ORDNANCE EXPERIMENTS. 


THe experiments at Fortress Monroe, made by order of the 
Government, and under charge of a Military Board, to test tho 
power of resistance to heavy ordnance of iron-plated fortifications, 
ee: begun on September 21. A target was erected on the 

- - of Chesapeake Bay near the fortress, and was constructed 
It arge granite blocks, carefully cemented and bolted together. 

— 30 ft. high, 36 wide, 8 thick, and the front of it was 
— with iron 4in. thick, made of four layers of iron 1 in. 
: ic Tong layer upon the other, and all of them firmly welded 
on er. The experiments are under the superintendence of 
ne Brewerton, Barnard, Gilmore, and several other well- 
ae officers. The guns were stationed 350 yards 
7 iy aah} and were a 15 in. smooth-bore Rodman and a 
although pabene aoys Le report of the firing of September 21, 
pen engthy, is of deep interest to all military 

“The first shot was fired by the 15-in. R 
elevation of 40 minutes ; charge 46 lb. of wder, weight tall 
sey shot, 432 lb. Its effect was an indentation in the upper 
wees about 15 in. in diameter and 3in. deep. At the rear of 
poe —— two granite blocks were broken and forced outward, 
re “oy — a in their immediate vicinity. The pressure 
1155 ft as 17,000 lb., and the initial velocity of the shot 

, - per second. The second shot was fired from the same 
cinse & still less elevation, the charge of powder and the 
ght of ball being the same. The initial ve locity of the ball 





was 1113 ft. per second, and struck the lower plate 1 ft. from the 
und. The indentation reached 54in. deep and 18 in. in 
iameter, the plating in this case having a backing of 6 in. of 
sand, while the upper one rested directly against the face of the 
target. The damage, however, to the masonry was ascertained 
to be considerably less, three of the blocks at the back of the 
target being merely started from their position, and none broken. 
The third shot was fired by the 12 in. rifle Rodman gun, Dyer’s 
projectile, weighing 620 lb., being used with a charge of 55 1b. 
of powder, and a half degree elevation given to the piece. The 
initial velocity of this rifle shot was less than the 15 in. shot, 
being only 1020 ft. a second. The upper plate was struck, 
making an indentation 14in. long and 4}in. deep, with two 
blocks of granite broken in the back of the target, and the seams 
between other blocks opened. The fourth shot was fired by the 
same gun, charge of powder, projectile, and elevation, the initial 
velocity of the shot being 1079 ft. a second, producing an inden- 
tation 13 in, in diameter and 52 in. deep. The masonry in the back 
of the target was considerably damaged, and the blocks broken by 
the previous shots crumbled into numerous pieces. The fifth shot 
was fired by the same gun and charge of powder, &c., the ele- 
vation of the muzzle being considerably less. The projectile, 
with an initial velocity of 1103 ft., struck the lower te about 
3 ft. from the ground. This shot was considered to be the most 
damaging one of the five, and played sad havoc amid the granite 
in the rear. An indentation was produced 14in. in diameter 
and 7 in. deep, splitting the iron plates into innumerable crevices, 
and nearly penetrating to the sand. The effect of the shot fired 
at the target was tremendous, and elicited the astonishment and 
admiration of all the officers conducting the firing. The opinion 
was strengthened, although generally at variance with the views 
entertained beforehand, that the six inches of sand adopted as a 
backing for one of the iron plates would not answer the object 
of the suggestion, and that the greatest resistance was offered 
where the 10 in. plate was placed next the face of the granite. 
A similar number of shots will completely wreck the stonework 
of the target, but not materially damage the iron plates beyond 
the indentations, which have not as yet been penetrated, save in 
the instance of the lower plate and its sand backing. The effect 
of the shots is transmitted from the iron directly to the masonry, 
and made visible in the crumbling of the blocks in the rear of 
the target.” 

The above report of the firing upon September 21st is not 
the official report of the Board, but is one made by a careful 
observer. On September 22nd the experiment was renewed, 
and six shots were fired against the damaged target of the pre- 
vious day. The effect of these is said to have astonished all who 
witnessed them. On one occasion a 15 inch solid shot struck the 
upper plate in nearly the same indentation made by a rifled pro- 
jectile, crushing in the iron, and penetrating several inches into 
the stonework. Another shot, a rifled Dyer projectile, weighing 
620 lb., struck the upper edge of the plate, and, glancing off 
into the granite wall, imbedded itself almost out of sight amid 
the crumbling fragments of the crushed blocks of stone. Heavy 
pieces of granite weighing hundreds of pounds were hurled a 
distance of 50 yards by the violence of the shock to the target, 
and smaller fragments were scattered over 200 yards’ distance. 
The sixth and final shot was aimed at one end of the target, un- 
protected by iron plates, but where the granite was braced by a 
heavy stone abutment, and it completely broke down the little 
that was left standing of the target. A critical examination of 
the target after the firing was over showed that the projectiles 
had penetrated far into the masonry, and fissures and crevices 
were visible in every part. The last shot, in particular, had 
broken down the stone dbutment, pushing the huge blocks of 
ng far back out of their places, while some of them were 

roken into fragments. The reporter who witnessed the second 
day’s firing makes the following comments in connexion with 
the fact that nearly all the fortifications built for seacoast de- 
fence in the United States are constructed of brick or stone: 

“ Eleven shots have been so far fired by the Rodman guns 
from the 15-iu, smooth bore and the 12-in. rifle, and the target, 
as it now stands, presents a faithful and —— commentary 
upon the waste of material and means which have been so a 
bestowed upon the present manner of building stone and bric 
tortifications. It is a crumbling mass of ruins even now, save 
where the iron plating, with its nearly penetrating indentures, 
has protected the granite wall, and before the firing can be 
resumed the useless and dangerously wrecked material must be 
removed.” 

The Board of Engineers intend making further experiments 
before they submit their report to the War Department. 








Tue OrriciaL Report oN THE BATTLE OF LissA.—The 
Gazette of Florence publishes a report from Vice-Admiral Albini 
on the battle of Lissa, dated Ancona, July 23, 1866, addressed 
to the General Commanding the Army of Observation. The 
following are the conclusions arrived at: ‘1. That the constant 
tactics of the enemy were, as it appears, while engaging our 
iron-plated frigates, to cut the line of those vessels, in order to 
attack the second squadron, 2. Of necessity our ironclad 
frigates were continually employed in hindering, by defensive 
movements, the manceuvre of the enemy just mentioned; and 
this prevented them from using their rams. 3. That if the 
screw vessels of the enemy discharged at first effective broad- 
sides against our ironclad frigates, it was because these were 
surprised close upon the attack; but that soon ceased, and the 
Austrian admiral then made great haste to sheer off, being com- 
pelled besides to do so by our ironclads. Moreover, it is remark- 
able that his screw vessels continued to fire even from a distance, 
but uselessly. It must be admitted that it would have been a 
senseless thing to have undertaken to attack the ironclad ships 
with the second squadron while its duty ought to have been to 
engage the enemy’s other vessels, which succeeded neither for 
us nor for the Austrians. Lastly, it appears to be a necessary 
conclusion that in any naval engagement in which a portion of 
the fleet consists of iron-plated vessels, wooden ships are of no 
use; that, on the contrary, they embarrass, since they distract 
the attention of the plated frigates from their true purpose, 
which is to assume the offensive, continually compelling them to 
make evolutions in order to protect the other ships; and that 
these latter might perhaps be usefully employed, jointly with 
the iron vessels of the reserve, in aiding the last decisive 
effort.” 





Tue American Navy.—It is understood that the American 
Government will establish a naval arsenal, with iron shipbuild- 
ing yards, — factories, &c., on the largest scale. Chief 
Engineer Wood, who was the inspector of the censtruction of the 
present iron-clad fleet, and who is now Professor of Engineering 
in the U.S, Naval Academy at Annapolis, is at present in Eng- 
land collecting information for his Government. Captain Wood 
designed the ingenious and effective torpedo vessel, ‘‘ Spuyten 
Duyvel,” which cleared out the obstructions in James River 
after the fall of Richmond. Drawings of this remarkable vesse 
are in course of preparation for our columns. Chief Engineer 

ood ranks as post-captain in the American navy, and as he 
has declined the position offered him by a large Philadelphia firm 
of engineers—that of engineer to their works, at a salary of 
15,000 dollars per annum—it is probable that his services will 
be yet given to the establishment of the large national works to 
which we have alluded. 

An InpIAN SMOKING-VERANDAH.—Messrs. Trollope and 
Son have temporarily erected at their works, in Kensington, an 
ornamental iron kiosk for a Bombay nabob. It was designed, 
in its architectural features, by Owen Jones, and in its con- 
structive details by Messrs. Ordish and Le Feuvre, of Great 
George-street. The ironwork has been constructed by Mr. 
Handyside, of Derby. It is 80 ft. by 40 ft., very lofty and open 
at the sides. The design is not only highly ornamental and 
oriental, but in some respects remarkable. Thus the rafters of 
the iron roof cross each other at right angles, so as to form 
internal squares, which are richly decorated. 


Tue CuetseA WATERWORKS.—Last week we gave, in this 
journal, an account of the Chelsea waterworks, and a descri 
tion of the engines at those works was published simultaneously 
in our contemporary, Zhe Engineer. As many of the dimen- 
sions in our contemporary’s account differ from those contained 
in our own, we think that it is only right that we should publish 
the following extract from a letter which we have received from 
a correspondent who is an undoubted authority upon the engines 
at the Chelsea works. Speaking of The Engineer's account, he 
says: “ All double-cylinder engines need noé pass steam from 
“top of small to bottom of large cylinder. Piston valves are 
‘not now packed with cast-iron rings with springs behind; but 
‘with solid cast-iron rings and Ramsbottom’s steel rings at ends, 
“these latter making the steam-tight joint. Cylinder covers 
“are not jacketed. Small cylinder has not 5 ft. 6g in., but 5 ft. 
“62 in. stroke. Crank shaft is not 1 ft. 4in. diameter, but 1 ft. 
“14 in., at least at journal. Plunger is no¢ 17 in., but 17} in. 
‘diameter. Stroke is not 7ft., but 6 ft. 11in.” We have in- 
serted this extract not from any wish to criticise our contem- 
porary’s account of the Chelsea works, but merely in order that 
those of our readers who may be subscribers to both journals 
may not be puzzled by conflicting statements. Our own accounts 
of the London waterworks are prepared with the greatest care, 
and every precaution is taken to avoid giving incorrect dimen- 
sions. 


Tue CHANNEL FiEet.—In the late cruise, the whole of the 
ships, with the single exception of the Bellerophon, either 
carried away spars or found it necessary to go into port to 
make good defects. The Wyvern turret-ship steamed remark- 
ably well against the head sea, but is, of course, very wet, and had 
to go in to Cork for coal after being ashort time out. The Pallas 
has proved herselt the fastest ship under canvas in the squadron. 
The Achilles has behaved remarkably well, and is a very steady 
ship in a seaway, but her foremast will have to be shifted 
further forward before she can be considered satisfactory as a 
sailing ship. ‘The Bellerophon has shown herself a most buoyant 
and lively ship, and is pronounced superior as a sea-boat even to 
the crack wooden frigate Phaeton, in which her captain formerly 
served. She has not strained a spar or rope, and her officers 
are confident of beating everything, excepting the Pallas, per- 
haps, when they fall in with a real gale of wind. She rolls and 

itches very moderately, and her officers are much pleased with 
ner. The complaint that other ships fired their guns when the 
Bellerophon could not is attributable, not to any defective 
behaviour on the part of the ship, as one of the published letters 
from the squadron would lead the public to suppose, but from 
the sufficient circumstance that she has not her guns on board. 
Most of them are lying at Portsmouth, to be shipped when 
opportunity offers, and in the mean time the Bellerophon has on 
board a quantity of iron, which is made to represent the weight 
of her guns, 

Great Western Ratway SiGnars.—The directors of the 
Great Western are about to establish a system of communication 
between their passengers, guards, and drivers. Apparatus for 
an experimental train is being constructed under the direction 
of Mr. C. Spagnoletti, the company’s telegraph engineer. He 
forms his connexion with the carriages by means of iron bars in 
substitution of the existing coupling chains, the bars answering 
the double purpose of coupling chains and electrical connexions, 
thus avoiding extra duty for the employés, and dispensing with 
all fine and delicate appliances liable to damage. ‘The bars are 
so made as to yield to the movements of the train when oscil- 
lating or turning curves. A check is also placed upon the 
coupling of the carriages, and if not completely performed, the 
new system gives notice of the fact to the guard, by the ringing 
of a bell in his van. The apparatus attached to each compart- 
ment of a carriage consists of a handle inside and a red disc out- 
side. The handle is secured from accidental turning by a 
metallic pin attached by a chain. A passenger wishing to call 
the attention of the guard must pull out the pin and turn the 
handle, and this operation will have the effect of ringing all 
the bells in the train continuously, while the disc outside will be 
turned into a position facing the guards and driver, so that they 
can see from which compartment the alarm was given. The 
handle, when turned, becomes locked, and can only be placed in 
its original position by the guard, so that any unnecessary use or 
tampering with the apparatus will be brought home to the 
offender. By Mr. Spagnoletti’s system passengers can commu- 
nicate with the guards and driver, and guards can communi- 
cate with each other and the driver. Although the signal 
made by a passenger will be visible to the driver, it will only 
call the attention of the latter to something being wrong. ‘The 
control of the train will still remain with the guard, who will 
stop it, if required, by giving the ordinary flag or lamp signals 
to the driver. 
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DOUBLE-RIVETTED JOINTS.* 


As double-rivetted joints are made up of two parallel rows 
of rivets, we have to determine first the distance from centre 
to centre of rivets measured along the rows, and, secondly, the 
distance between the centres of the two parallel rows of rivets. 

Mr. Fairbairn gives the pitch, or di , between the centres 
of the rivets for double-rivetted joints the same as for single 
rivetted io but that distance, the writer presumes, is 
measured diagonally from one row of rivets to the other, 80 
as to form two rivets in one row and one in the other into 
an “ isosceles triangle,” and the distance apart of the two rows 
of rivets can onl ‘determined by knowing that the lap for 
double-rivetted joints is to be one and three-quarter times the lap 
of a single-rivetted joint, and placing the two rows of rivets at 
the same distance from the edge of the plate as for single-rivetted 

ints. 

Now, 
a number of isosceles triangles, they will, 
diagonally, and having equal distances apart, 
values. 

Make P equal the pitch of the rivets in ea h row as before, 
and D the distance they are apart measured diagonally, and D1 
the distance between the two rows of rivets, and all the other 
values the same as before, then 

(P—d)t 
represents the sectional area of the plate between the rivet holes 
in each row of rivets, and 

(P—d)in (10) 


the force required to tear that section asunder. 

The rivets to be sheared across by the force that would tear 
the last-named section asunder are two in nomber, and this 
force is represented by 


if we so place the two rows of rivets that they shall form 
when measured 
have the following 


as ese ose qa 
and as before, in the case of single-rivetted joints, the values 
indicated by (10) and (11) must be equal, that is, 

(b~d) in=2as ose one ese 12 
But it bas since been shown before that s and n are equal ; 
hence 


(13) 


the distance the rivets ought to be apart to ensure the 
strongest and most economical structure. 

The sectional area of the plates between the rivet holes, taken 
diagonally, according to the principles of stress, need not be 
greater than half that of the plate between the rivets of each 
row, that is 

p—d 


D—d=— 
2 
Therefore 


P 
P= “14 eee eee 
+ 


me (14) 


and by substituting the value of P from (13) into that of (14) 
we get 


-- one ore 


» 


=4 +d one (15) 


If we make the distance between the two rows of rivets 
one-half the distance of the pitch of the rivets measured longi- 
tudinally, we sball get D rather in excess of the above value (15 
and approximate very closely to the experimental form wit 
double-rivetted joint made by Mr. Fairbairn. : 

The Table I., applies equally to double and single rivetted 
joints, since Mr. Fairbairn gives the pitch of the rivets the same 
for one as the other, although it is difficult to see why, since the 
strength of the double-rivetted joint depends entirely on the 

per proportion of the pitch © the rivets in each row to the 
iameter of the rivets and the thickness of the plates, and 
not on the distance between the two rows of rivets, or the 
diagonal distance of those rivets, 80 long as the last two dis- 
tanees are not so small as to cause the plates to be torn or 
sheared asunder diagonally. Any excess above these distances 
only adds to the cost and weight of the structure, without in- 
creasing its efficiency. i : 

In Table Ll., the fourth column gives the pitch of the rivets 
for single-rivetted joints, and by comparing equation (6), from 
which that column is computed, with equation (18) for double- 


a 
rivetted joints, we find that it is only necessary to add= to the 


values of P, in the table in order to obtain the correct pitch 
of the rivets for double-rivetted joints : 

‘taking experiments, Nos. 88 and 39, table X. of Mr. Fair- 
bairn’s experiments on double rivetting as the most conclusive, 
we find that the thickness of the plates are .22, that the diameter 
of the rivets three-eighths=.375, the breadth of the plates 
8.125 in., the mean breaking weight 23,707 lb., fracture taking 

jace across the rivet holes A, Bb. 

In these experiments there are five rivets to shear across, and 
the sectional area of the plate, deducting the rivet holes across 
A, B, should equal the area of the five rivets, that is 

11044x5= 5522, 
and .5522--.22-+4-3d=the width of the plate to be of the strong- 
est form, d being the diameter of the rivets, from which we get 
3.685 im. as the width of the plate, whereas the experimental 
plate was only 3.125 in. j ie “1 

Now, to have been in accordance with double-rivetted joints as 
used in practice, the experiment should have been on six or any 
other even number of rivets, if the object be to determine the 
distance or pitch of the rivets. Asan example, take the shell 
of a steam boiler, the direction of the rivets passing round the 
shell is shown ata 6, and the double or longitudinal rivets at 
cd. The distance of the rivets in each row of the double- 
rivetted joint will then be given by the equation (13) as before 
stated. ’ 

In circular steam boilers with two flues, the strain on the 
rivetted joints is very variable, for whilst the joints that run 
parallel to the axis of the shell have a strain upon them of three 
units, the joints that pass around the circumference of the shell 
have only @ strain of one unit upon them; hence this class of 
boiler should have the longitudinal joints double rivetted, and 
the other single rivetted, when, owing to the rings of rivets 


anainianes nea aces ak 
* Appendix to Mr. Baldwin's paper, Soeiety of Engineers. 


Passing round the boiler on each 
the double-rivetted longitudinal ts, the boiler would be as 
strong tpl this er oa the whole were made of solid 
ings of plates, iding t es i 
e common Practice of boiler-makers in 

shire is to use 2in. pitch and § rivets, whether the plates be 
8, 5 }in., which cannot be too much condemned, yet 
we chief engineers of boiler associations stating that this is 
the correct method of constructing steam boiler rivetted ioits, 
although experiments decide to the contrary. 


edge of every set of plates and 








THE POLLUTION OF RIVERS. 


Ar the Social Science Congress, at Manchester, a paper was 
read in the Health Department upon the prevention of the pollu- 
tion of rivers, by the refuse and sewage of towns. The author, 
Dr. Stevenson Macadam, of Edinburgh, stated that although the 
observations he would make would be of general nature, the 
opinions he expressed were derived mainly from observation 
made on three Scotch rivers—the Leven, contaminated by public 
works; the Water of Leith, contaminated by public works at 
the upper parts and by town sewage at the lower parts; and 
the North Esk, influenced by discharges from public works and 
by sewage alternately. The pollution was principally derived 
from mining pursuits, manufacturing operations, and house 
sewage; and the great question to be considered was how the 
pollution could be prevented. Irrespective of the question of 
the health of the neighbourhood, there was the appearance of 
the stream itself. A good deal was said on the previous day as 
to the influence of smoke on the atmosphere ped on the animal 
spirits of people, and he believed the appearance of a stream had 
similar results. He did not see how mining operations could be 
withdrawn, but they were not of so much importance. With 
regard to manufacturing discharges, he would say generally 
that all practical means for the arrestment of the pollution 
should be employed. It was a question how far some rivers 
should be given up for manufacturing interests, it always being 
a condition that the operations and discharges should not be 
prejudicial to the health of the neighbourhood. In regard to 
the utilization of sewage, Dr. Macadam contended that the 
most successful system was that of irrigation, and detailed the 
manner in which this had been employed at the Craigentinny 
meadows, near Edinburgh, where, even in a monetary point of 
view, it had prospered. Whether, however, the system paid or 
not, irrigation ought to be compulsory in all inland towns. As 
to seaboard towns, the discharges ought at once to be drained 
into the sea. With respect to the disposal of the sewage, he be- 
lieved that local authorities generally were anxious to promote 
the welfare of the le, but they required direction. They 
were frequently hindered im their good work by the constituency 
they represented, and they required to be nerved to action by the 
a of a superior authority. The sewa question would 

best worked by a local authority controlled by a Royal Com- 
tor. His decided opinion was 
that sanitary measures should be compulsory and not optional. 

Pa on the same subject were read by Mr. John Newton, 
C.E., who strongly advocated the irrigation system; by Dr 
Thomas Hawksley, who proposed to make it illegal to dachargs 
any offensive matter into our sewers, and to substitute earth 
closets for water-closets in all houses; and by Mr. S. Clement 
Trapp, C.E., who expressed himself decidedly opposed to water- 
closets, unless in connexion with irrigation. 

The diseussion was commenced by Lord Robert Montagu, 
who contended that the question under consideration lay at the 
root of the whole matter of sanitary reform. There was no Act 
of Parliament, no legislation which deserved the name of sani- 
tary legislation unless it provided for the purification of rivers. 
We had as much a common right to pure water as we had to 

mre air, and he believed that impure water did much more 
injury to the constitution than impure air. In most mines not 
= it easy, but it was a source of gain, to separate the 
po ting source of the water before it was turned into the river. 
n manvfactures, it was equally easy to prevent a pollution of 
rivers. If this were not the case, the difficulty would have been 
rather a staggering one, as anything that would interfere with 
the vast productions of such a place as Manchester should be 
deeply considered before it was undertaken; but even in that 
case the lives of men were of more value than all the wealth of 
Manchester. But even in the most difficult manufactures, such 
as gas-works, bleach-works, and per-works, it would be a 
source of gain and not of injury to the manufacturer to be com- 
pelled any longer to pollute rivers. Dr. Macadam had proposed 
that some rivers should be given over to the manufacturer, but 
he could not conceive that such partial legislation would for a 
moment be listened to. As to the question of sewage, he be- 
lieved that there was only one means of freeing rivers from that 
a. Various schemes had been tried. The sewage had 

en sent into the air, but that did not do; water had been 
tried, but it did not succeed; land must now be tried, and that 
he felt certain would do. In regard to Mr. Hawksley’s plan for 
earth closets, he wanted to know where the earth would come 
from ? Mr. Bateman, the eminent engineer, had calculated that 
it would require to supply London with the necessary earth for 
these earth-closets every year 400 acres of ground 6 ft. deep. 
Where was that amount of soil tobe got? He thought that was 
a “stumper” to the whole plan. His lordship concluded b 
moving that it be an instruction to the Council, “ That, while it 
is necessary to remove as speedily as possible excreta and refuse 
from houses, it is advisable to procure compulsory legislation 
against the pollution of rivers by refuse or the sewage of 
towns.” 

Mr. Rawlinson, C.B., remarked that, although it was well 
known that rivers were now polluted toa fearful extent, there 
were some things attributed to that pollution which it was just 
as well to clear away. All the ills that flesh is heir to were said 
to — from this pollution, but, although a foul river was an 
intolerable nuisance, yet it must be remembered that it was an 
advance in civilisation, and that we must start from the point 
that had been reached and advance further. When the rivers 
were pure in this country there were no sanitary regulations in 
our towns, and the plague, sweating sickness, and lack death 


mission or Government in 





prevailed. Sanitary improvement had swept away that type of 





disease. Now we had chulers, hus, and other forms of fever, 
but it was unfair to contend t! tthe J mag ~- of rivers created 
water rp | great improvement 
cesspool in upon 
searched by men competent to arrive at a correct 
the view of ascertaining whether the most severe 
affecting the health of the population could be attri 
rivers, and they were bound to come to & contrary conclusion. 
Although rivers were very foul, ie not work all those 
evils that were laid to their charge. {n 1859, when the Thames 
was so foul that Parliament sat with closed windows, the 
Registrar-General knew that the rate of mortality was small. 
He was happy to find that some of the urers of York- 
shire were, without ion, doing many things to perfect 
their sanitary arrangements, The washings of wool, which 
used to pollute rivers in the most obnoxious form, could be so 
treated as to take out the soapsoils and to make the water by no 
means injurious. When in Leeds lately be was surprised to find 
—and the Section, no doubt, would be surprised to hear—that 
the town was not only the great centre of the cloth trade, but 
that the tan trade was larger in Leeds than in any other town 
in the empire, no fewer than 2,700,0000 hides being tanned in 
the course of the year. He was glad to say that some of the 
principal tanners in Leeds were beginning to utilise the poliution 
es from the tanning process, and were finding it to succeed 
remarkably well. The Royal Commission to inquére into the 
llution of rivers, of which he was a member, conimenced their 
bours on the 15th of this month. Parliament would not enact 
any compulsory measure which would destroy trade or whick 
would be burdensome or injurious to the community. 





THE FLOATING DOCK AT CARTAGENA. 


Tre large iron floating dock made by Messrs. J. and G, 
Rennie, for the Spanish Government, was tried at Cartagena on 
the 28th ult. A rey of the Times says that at 9.20 
orders were given to sink the dock and allow a vessel, already 
on, to float out. The engineer in charge, Mr. Fenwiek, an 

of the work here, 


Englishman, who was the superintendent 
immediately gave orders to open the valves. The dock Hy sd 
dock having sunk 


sink gradually, retaining its horizontal 

water began running over at both ends, t 

some 5 ft. or 6 ft. in a few minutes; the two streams met in the 
centre, showing how equally the dock had sunk, the entire floor 
being now covered with water and touching the keel of the 
vessel, and half an hour afterwards the vessel was afloat. The 
valves for immersion were now closed and the vessel hauled ont. 
This operation of sinking the dock was effected with such 
steadiness and regularity that unless the height of the water 
was carefully observed no motion was apparent. Mr. G. B. 
Rennie, the patentee of the dock, and his wife, who had just 
come out from England, were on board. By an arrangement of 
air or buoyant chambers, the dock cannot sink beyond a certain 
depth. In order to demonstrate this (after the vessel was clear 
of the dock), Mr. Rennie requested that the immersion valves 
might again be opened and the dock allowed to sink to its 
greatest depth; in a quarter of an hour this was done, and she 


* | would sink no deeper, leaving the sides about 8 ft. out of water. 


This will allow of a vessel drawing 27 ft. of water beimg docked. 
The engines for ——_ out the water from the dock were now 
set to work, and in four hours she was raised up again. As the 
— of dock accommiodation is now of some interest to the 

ritish public, a slight description of the famous port of Car- 
— and its docks might be acceptable. 

e “ darsena,” or is situated within a fine 
sheltered harbour, and is the naval port of Spain in 
Mediterranean. ‘The “darsena” consists of a large artificial 
basin some 1800 ft. long by 1100 ft. broad, and is in some places 
as deep as 48ft. Surrounding the quays are the different store- 
houses and dry docks, which were made about the same time as 
the basin, now nearly 80 years ago, but it is still larger than 
the basins of Plymouth, ortsmouth, and Chatham, or even 
those new basins recently made at —— dry dock 
above mentioned are only suited to the size of vessels made in 
the last century. The insufficiency of dock accommodation for 
large vessels of the present period at last induced the Spanish 
Government to improye it, and Messrs. Rennie, of London, were 
requested in 1859 to furnish designs for the iron floating dock, 
which eventually they carried out, though now, from the 
of time of putting it together in this country, some of the: 
of floating docks has lost. It is due to the Spanish Go- 
vernment and General Quesada (Chief of Engineer ont 
say that they were the first who undertook its adoption, and it is 
still, I believe, the only example of the kind in actual use 
success, The length of the dock is 825 ft.; the breadth, 105 ft.; 
the lifting power, independent of the weight of the dock, is about 
6500 tons dead weight. The dock has now been completed and 
atloat for four months, during which time four vessels have been 
docked with perfect success, and it is due to the engineer in 
charge to say that when it was first floated it was found to be 
perfectly watertight, and the first trial of sinking was e 
with as great facility and regularity as that © the Alceda 
this day. It is currently reported that, as soon as some of the 
— fleet arrive, one of the large iron-clad vessels will be 
lifted. 





—<—<——————— 

Tue Russo-AMERICAN T ELEGRAPH.—Despatches continue 
to reach us showing that this great work is being pushed forward 
with energy. We fear, however, that when finished it will be 
subject to frequent interruptions. It will traverse many thot- 
sand miles of wilderness over which the winter storms rage wi 
great fury, while the snow fails to great depths. Competes 
telegraph engineers express also a very poor opmuon of the Beh. 
which is to cross the upper end of the Pacific Ocean, near be 
ring’s Straits. ‘ 

farwax Briocrs—A ome of the Times rr 
that one of the bridges of the High Wycombe branch 0 t 
Great Western Railway, that over the Thames, isin & danger 
state, and he “hears” that others on the line are in a0 ¢q y 
bad condition. We much doubt whether the Great Western 
Company leave the due inspection of such works to the chance 
observation of local newspaper correspondents. 
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MR. E. B. WILSON’S PUDDLING FURNACE; MILTON IRONWORKS. 
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THE new puddling furnaces at the Milton Ironworks have, 
like all furnaces, required a careful adjustment of the sizes of 
their various parts ; and as the best proportions — to have 
now been realised, we give herewith a figured drawing from 
which these may be observed. The dimensions are so clearly 
marked that nothing need be added. 


= 


Fraser Guns.—The further test of one of the 64-pounder 
rifle guns constructing on Mr. Fraser’s plan, for testing the ex- 
terior or jacket of the gun, has been completed in the most 
satisfactory manner. The outer jacket of wrought-iron had to 
sustain the brunt of the explosion, as the inner tube had been 
worn and split in three places by the severe test to which it had 

formerly applied. Notwithstanding, however, the inner 

tube and muazle of the gun were simply blown forward a few 
yards, the trunnions and outer jacket remaining in the carriage 
uninjared and fit for further use. As the gun was doomed to 
destruction, to prove its extreme power of endurance, the ex- 
periment was carried out with the usual caution in the bursting 
cell; but the nature of the rupture of the gun was such that, 
had no caution been observed, and the gunners had remained at 
the gun, no injury could have been sustained. The manner in 
which the gun gradually gave way is held to be a satisfactory 
proof of its superiority. The repair of the gun in an early 
stage of the experiment, which was easily practicable by the 
was not-adopted, as the object was to 








insertion of a new tube, 
test the endurance and safety of the gun with a Aphit tube. 
The gun has fired upwards of 2200 rounds. Q~<4 
_ TUNNELLING Macuine.—An improved machine for tunnel- 
ling through soft ground has been invented by Mr. R. Morton, 
ew York. It consists of a tube, the size of the tunnel, 
formed of rings of cast iron, in front of which a large wrought- 
iron wedge-shaped shield is pushed by hydraulic pressure. This 
shield is made at the back of a similar section to the tube, but 
3 ft. or 4ft. larger diameter. In this annular space an inge- 
nlous arrangement of india-rubber tubes and glands forms a 
Perfectly water-tight joint, at the same time leaving the shield 
capable of sliding forward. The pointed shield having been 
thrust forward a few feet, another ring of segments is 
added to the tube inside the shield, and the work proceeds 
as before. This ought to help the Hoosac tunnel on.— 
Mechanics’ Magazine. [Mr. Morton wishes it to be understood 
that he is not of New York, but of London, and lately of Stock- 
ton-on-Tees. The machine was designed to bore the soft ground 
under the Tees, and would'never answer in the micaceous rock 
of the Hoosac tunnel.—Ep. E.] 
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Rartway CARRIAGES WITH RapIAL AxLE-BoxEs.—Some 
of the long carriages on the Metropolitan Railway have been lately 
fitted with Mr. W. Bridges ‘Adams's radial axle-boxes. The 
carriages in question have four pairs of wheels, and the radial 
boxes are fitted to the onter pairs only, the two central pairs 
being without lateral motion. Owing to the sharp curves of the 
Metropolitan line, the flanges of the carriage-wheel tyres are 
subjected to very rapid wear. 

STRAIGHTENING CASE-HARDENED ARTICLES.—It is well 
known that locomotive expansion links and similar articles fre- 
quently become twisted and distorted during the process of case- 
hardening. To restore these links to their correct form, Mr. W. 
S. Hudson, of the Rogers Locomotive Works, Paterson, U.S., 
has adopted the plan of straightening them by means of pres- 
sure applied by a small hydraulic press. The links are heated, 
but not sufficiently so to draw the temper, and then placed under 
the press, and agree applied where required, pieces of plate 
being put into the opening of the link to act as gauges, and to 
prevent the sides from being forced too closely together. With 
a little practice, any distortion can be removed from the links 
very readily and cheaply, and the plan saves a good deal of 
fittin 

Tut AMERICAN Corron MANUFACTURE.—In Jan last 
the number of spindles working at Lowell was 437,420, and in 
the beginning of the coming year the town of Fall River will 
have 428,000 running. ‘The spindles at either Byer are equal 
in number only to those of four good-sized English cotton-mills, 
but we have to bear in mind that all, or nearly all, the Ameri- 
can mills weave their own yarn. 

HicH-sPEED Encrnes.—An engine with a 10 in. stroke is 
now working experimentally in London, and has already been 
driven at 555 revolutions per minute, the engine doing a good 
amount of work. A much higher speed is intended—700 revo- 
lutions at least—and as the engine works with perfect steadi- 
ness at its present high speed, a still higher rate is only a 
question of the supply of steam and of resistance. Di 
have been taken, by the Richards indicator, up to 860 revolu- 
tions per minute. These could only be taken with difficulty, on 
account of the breaking of the — working the indicator. 
Stout whipcord was used. Catgut would be too liable to shrinkage, 
if it became damp. ‘The diagrams, which we have seen, show 
very little back pressure, the exhaust line running very close to 
the atmospheric line. 

Wuere 1s 1r?—The London Army and Navy Gazette sa 
a monster gun has been successfully cast in England, which, 
with a charge of about 140 lb. of powder, will throw a shot 
weighing 1100 lb.—American Artisan. 
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PUMPING ENGINES AT THE LAMBETH 
WATERWORKS. 
To THE Eprror or ENGINEERING. 
Srr,—Would you kindly allow me to state, in your next im- 
pression, that the piston valves of the Lambeth and Chelsea 
umping engines, said in your last number to have been designed 
y me, were designed by Mr. Pole and myself jointly ? 
1 am, your obedient Servant, 
Daviv THomson. 
8, Old-street, E.C., 16th October, 1866. 








BOILERS FOR THE PARIS EXHIBITION, 
To THE Eprror or ENGINEERING. 


Smr,—We observe the illustration and article in your last 
number (October 5th) on the boilers ordered of Messrs. Gallo- 
way and Sons, of Manchester, to supply steam to the in 
the English Department of the Paris Exhibition of 1867, Will 
you kindly give publicity to the fact that one of our “ Jordan’s 
patent combination” boilers of 30 horse power, as described in 
your number of 25th May last, has also been selected by the 
commissioners for the same pu , and oblige, Sir, 

our obedient Servants, 
HAYWARD TYLER AnD Co. 
84 and 85, Whitecross-street, 
St. Luke’s, E.C., London, 12th Oct., 1866. 








DWELLINGS FOR THE WorRKInG CLAssEs. — Alderman 
Waterlow’s dwellings for the working classes have proved a 
successful investment, and he has issued a circular with the 
object of promoting the further construction of dwellings of the 
same character. Mr. Barrow Emanuel, architect, read a very 


practical paper at the Social Science Con on the utilisation 
of railway arches as dwellings for working people. He finds 


that, a number of railway arches are already turned to account 
in this way, that the vibration and noise are less than are felt 


in neighbouring buildings, and that, were the railway companies 

to grant long leases, there is.a probability that this class of 

house property would prove attractive and valuable. 
MACADAMISED Roaps.—An architect very properly asks in 


the Times why granite for road metalling is not now broken, as 
recommended by M‘Adam, so as to pass through a 2 in. mesh 
and then well sanded and rolled, instead of being broken into 
great cubes as at present, which are left, without sanding or 
rolling, to be broken down by carriages, 
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THE WONDERS OF PROGRESS. 

Untit we fly in the air, if that will ever be, we can 
hardly have another stride in mechanical improvement 
at once so useful and so really wonderful in comparison 
with all former achievements as the application of 
steam to railways and to ocean navigation. And yet, 
once understood, a steamship and a railway locomotive 
—although they are not perhaps the simplest contri- 
vances in the world—are so much matters of course 
that the wonder now is that they were not invented 
many generations ago, if not, indeed, in the days of 
Greek and Roman history. It is hardly possible to 
realise at one grasp the numberless difficulties of 
detail which have commonly, if not.always, interposed 
between a grand mechanical ‘conception’ and its 
practical execution. The steam-engine itself is but 
the sum of a hundred inventions, and we might almost 
have said a thousand. We cannot easily form a notion 
in our minds of the times when there were hardly such 
things as ‘materials, workmen or tools, wherewith. to 
construct engines or finished machinéry of any kind ; 
but even had these been at hand, there were still the 
hundred or the thousand inventions wanting in order 
to make the perfect steam-engine. The boiler alone 
required a vast deal of scheming, experimenting, and 
repeated amendment. It was a great point to fix upon 
the proper material, the proper general arrangement, 
the proper size, and the proper mechanical construc- 
tion; and when we say “ proper,” we use the term 
rather in a provisional than an ultimate sense. A first- 
class locomotive boiler, with its ingenious and even 
complicated staying, its elaborate rivetting and tube 
setting, and careful caulking and lagging, its safety 
valves, and water-guages, and steam-gauge, its 
chimney and its smoke-preventing arrangements, 
represents, even without the vital quickening of the 
blast pipe, a real triumph of invention. But when the 
early engineers turned from the boiler to the steam 
engine itself, how much there was to provide to render 
it practicable! It was not enough to know that steam 
would exert pressure, and that it could be readily con- 
densed so as to form a vacuum. So far as. the prin- 
ciple of the steam-engine went, Watt gave it new and 
unexpected powers by providing the separate con- 
denser; but there were still a host of details remaining 
to be invented or greatly improved. The crank, the 


—— motion, the metallic elastic piston, the stufling- 


ox, the slide valve, the link motion, the governor, the 
surface condenser, the steam jacket, and the almost 
endless modifications of which some of: these were 
capable, all involved a high order of invention, and 
continued experimenting besides, before they could be 
pronounced really practicable. But, with all or nearly all 
these inventions reduced to successful practice, there 
was a time when none believed in locomotives and none 
in steam vessels. So far as their fitness to support loco- 
motives was concerned, railways themselves remained 
to be invented, and there were few indeed who would 
believe that railways of sufficient strength could be 
made, or that locomotives could ever be safely worked 
upon them, or indeed worked at all. The contriving 
whereby all the power of a heavy and cumbrous land 
engine could be obtained in a compact machine, work- 
ing by and rolling upon its own carrying wheels, was 
hardly less original in its character or less elaborate 
than the invention of the steam-engine itself. 1t took 
years, also, to show that ships could be driven by 
steam, a matter upon which we are now inclined to 
wonder that there could, after the invention of the 
steam-engine, have ever been the least doubt. If a 
boat can be driven by an oar, why should it not be 
driven by a tevolving series’ of oars like a paddle- 
wheel, and what difiiculty was there in putting a 
steam-engine to turn ihese oars? This, however, was 
but a mere idea, of no value, otherwise than as a guide 
to experiment, until it was reduced to practice. It is 
just here that the difficulties always occur. To work 
out such an idea required in any case a large direct 
expenditure of money, and a faith that no predictions 
of failure could shake.’ And how miany oracular skip- 
pers were there to deny that a ship could be made to 
withstand the strain of, evea if it could be made to 
float, engines of a power e¢,ual to an average spread of 
canvas in a fair breeze. A steam-ship, they would 
urge, could never be safe; it could never steer, it could 
never ride a beam sea. And at last it was declared 
that no steam-ship could ever carry coal sufficient to 
last out an ocean voyage. 

The difficulties, real and imaginary, which so long 
delayed the introduction of steamships and locomo- 
tives have had their parallels in the case of hundreds 
of more recent inventions. We do not need to stretch 
the memory of middle-aged men to find wonders of 
mechanical progress, for within the past eight or ten 





years, and indeed within four or five, many inventions, 
discoveries, and modes of practice haye been carried 
out with results which before that time would have been 
generally pronounced incredible, and which, no doubt, 
some would have demonstrated to their own satisfac- 
tion to be wholly impossible. Among these, un- 
doubtedly the most wonderful are the improvements 
in connexion with the iron and steel manufacture and 
in submarine telegraphy. Who «would have imagined 
that steel or soft iron could be made, in masses of any 
size, by blowing air for a few mintites through melted 
pig metal? Indeed, the casting of large ingots of pot 
steel was thought ‘fo ‘be ‘impossible until Krupp had 
shown the way. The production of such ingots has 
led, too, to a new class of steam hammers, cogging 
machines, &c., of immense power, to work them. 
Where a hammer with a 5-ton head was thought 
large, only ten years ago, we now have them of 20-ton 
to 30-totv heads, and one of 125 tons is to be made at 
Essen. How much, too, beyond all former expecta- 
tion have Deakin and Johnson gone in punching holes 
up to 10 in. in diameter through large blocks of steel, 
a hole of this size having been thus made down the 
centre of a 8-ton ingot, 4 ft. high. And how opposed 
to all our former notions of this material is Hawks- 
worth and Harding’s beautiful process of drawing 
steel tubes, in the cold state, by hydraulic pressure. 
In the manufacture of iron the scale of working has 
been enlarged beyond all previous conception. Ten years 
ago there were but few, iF any, blast furnaces over 50 ft. 
highor over 18ft.intheboshes. Now furnaces are build- 
ing, in the Gleveland district, of a height of upmards 
of 100 ft., and 27 ft. in diameter at the boshes. ‘These 
very sizes, so far beyond all former successful practice, 
are almost wonderful in themselves.: Not less so are 
the great heating furnaces and rolls for making armour- 
plates up to 13in. thick, although the changes in the 
mode of conducting naval warfare, which have required 
such armour—and of which changes we shall have a 
word to say presently—are perhaps more remarkable, 
Ten years ago it was hardly believed to be practicable, 
at least in England, to utilise the waste gases of blast 
furnaces, and no blast-heating stoves were worked 
above 600°. With hotter blast and higher furnaces, 
and by using the gases as fuel, a ton of pig iron is now 
made from the ores of the Cleveland district with hardly 
more than a ton of coal, whereas itis not so many 
years since from 4 to 5 tons of coal to the ton of pigs 
was reckoned a fair allowance. It is really wonderful, 
too, to see great towns like Middleshoro and Barrow- 
in-Furness growing up rapidly in consequence of the 


discovery of minerals which but a very few years ago | gT 


were hardly suspected in those localities. The rise and 
rapid growth of a town is not of course an invention 
nor a discovery, yet the results are so far alike that the 
one may be justly mentioned along with the other. 

As for submarine telegraphy, we.need not say what 
has been accomplished within the last ten years. It is 
not so many years since there were those who doubted 
whether the ocean really had a bottom at all, or, if so, 
whether it could ever be sounded. Now we have well 
nigh mapped its bed, and portions of it have already 
become not only historical, but so familiar by descrip- 
tion that we are almost tempted to give designating 
names to this continent of the deep, as we do to the 
habitable land. Seriously, we believe the bottom of 
many of the great seas of the globe will yet be known 
for telegraphic purposes by local names mstead of by 
the numerical symbols of latitude and longitude, just 
as every one is now familiar with the “Irish bank,” 
sloping from a depth of 700 fathoms to 1700 fathoms 
below the surface, although few can say, without 
reference, what is its exact longitude. Despite all the 
predictions to the contrary, we can now find any point 
along a deep-sea cable with as much’ certainty as we 
could find a given station or mile-post along a.line of 
railway. We can not only sound to any depth within 
five miles, but we can as certainly grapple a cable three 
railes down, hooking it nearly every time a ship is 
allowed to drift across its course; and, so that it is 
laid with a proper amount of slack, we can bring it up 
in at least two miles of water. As for merely laying a 
cable, we have now no reason to doubt that we can 
accomplish this in water much deeper even than any 
on the Atlantic line,.and if it were necessary—as in 
some seas it yet will be—it is quite reasonable to be- 
lieve that we can lay a cable in five miles of water. 

Many will consider the great changes in the means 
of naval warfare as even more remarkable than the 
wonders of recent metallurgy and telegraphy. We 
cannot, of course, indorse this opinion, inasmuch as 
we regard these changes, striking as they are, as the 
natural results of the application of very obvious prin- 
ciples, under the spur of necessity rather than through 


ing possibly the monitors, 





any inspiration of genius. We wonder at nothing 
which. engineering and mechanical science has yet 
done for the art of war, but rather that, instead of 
permitting the exclusive pretensions of purely military 
men to interfere with progress, we did not long ago 
hand over the whole subject. of ordnance and naval 
engineering, including all fighting machinery whatso- 
ever, to mechanical engineers, to whom, and not to 
admirals, field-marshals, and major-generals, it really 
belongs. The grand old piles of matchwood—for 
they were nothing better—which, under the name of 
“three deckers,” were the, delight. of sailors and the 
wonder of landsmen ten years ago, were doomed when 
common sense, had once shown that. the proper mode of 
attacking them was not with cold solid shot, but with 
explosive shells and liquid fire... Even then we had to 
wait until Louis Napoleon had -set, the example 
of armour - plating before we,ould overcome the 
inertia of the Admiralty, and. before even public 
opinion, that slow but sure agency, of reform, could 
grasp the fact that it was not only better that shells 
should explode outside rather than inside a ship, but 
that it was perfectly practicable to keep them out. 
Engineers, too, in the civil branches of the profession, 
set themselves to work to contrive guns which should 
shoot accurately at three miles instead of, like former 
ordnance, inaccurately at half a mile ora mile; and 
then commenced a new “heat” in the great race of 
attack and defence; and if we have not made abso- 
lutely irresistible guns, we have at least. the satisfac. 
tion of knowing that other nations ‘have. not succeeded 
in making absolutely invulnerable’ armour. We have 
so far recovered our position that we could now send 
many of our ships into action, without the certainty, 
which attached to the old matchwood frigates, that 
they would be set on fire from stem to stern almost at 
the first broadside of the enemy; and we have, indeed, 
some reasonable assurance that we could dispose of a 
great proportion of the fleets of other nations, except- 
Yet to those who are 
governed more by routine than reason it is wonderful 
—and wonder comes rather from a defect in the reason- 
ing power—to witness the changes which a new phase 
of mechanical thought and mechanical art has 
wrought in our fleets and fortresses, in our ordnance 
and in all our collateral machinery of war; won- 
derful to see ships built, as they are now built, 
more under water than out of water, some of them 
without sails or spars, many of them humpbacked 
with low iron forts, and having sword-fish beaks and 
decks which are rather bomb-proof roofs than fighting 
ound for men—so strange, ugly even, and yet 
incomparably more formidable, every one of them, 
than a whole Spanish Armada, and more than the whole 
fleet which Nelson led to battle at Trafalgar. Instead 
of 3-ton and 5-ton guns, we are now preparing to 
mount 23-ton guns on shipboard, and in the turret 
ships they will be trained by steam and loaded and run 
out by means of which the sailor of even five years 
ago had no conception. And look at these guns. 
The rough old castings of the cannon foundries of the 
last generation have been well nigh swept out of 
existence. Now we have ordnance factories working 
the finest steel and wrought iron, in heating furnaces 
and annealing furnaces, and under steam hammers of 
ten tons weight, and in the finest turning, boring, and 
rifling machinery, while in finish, in accuracy of 
sighting, and in the perfect gauge of all parts, the 
cannon of 1866 will compare with the finest philoso- 
phical and astronomical instruments ; and as_ for 
destructiveness, one of them is far more terrible 
than a concentrated broadside from the old flagship, 
the Duke of Wellington. 


Nearly all that modern science and modern discovery 
have achieved has, been in the’ face of unbelief—un- 
belief in the practicability, and. often in the utility, of 
each new step. We are not speaking of popular un- 
belief—for “the public,” ora large proportion of them, 
will believe almost anything, and rather like to deceive 
themselves—but. of professional and official unbelief. 
This, we fear, must always be so. We will never sub- 
mit to what the Americans call a ‘ one-man power, 
and while we guard our liberties with boards and com- 
mittees, and divide responsibility among officers of 
graduated rank, each with his prescribed limits of 
duty, we must not look for much original action ex- 
cept from the restless body of reformers, inventors, 
and original thinkers, who are always plaguing secre- 
taries and engineers holding official appointments. 
By-and-by the crotchet of some one of these uneasy 
gentlemen obtains the baptism of a costly experiment, 
and, if it succeed, it gains practical adoption at last. 
It is not often, as in } ogo» of the centrifugal pum 
and, after it, the Injector, that the invention 1s ca) 
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of such ready and inexpensive trial that its advantages 
can be at once demonstrated beyond all cavil, and with- 
out its running the gauntlet of official and professional 
obstruction. ‘The underground railway is as much an 
invention as ocean steamships, but it required a million 
of capital to make the first practical experiment, and we 
know something of the unbelief which the Metropolitan 
line, now carrying upwards of twenty million passengers 
yearly, once encountered. As an humorous sug- 
gestion in a comic newspaper, an underground railway 
m London was a thing to be laughed at, but as a 
subject for serious consideration and investment it was 
long scouted, and how the Great Western directors 
retained their seats after voting 175,000/. towards the 
experiment we have never quite understood. As it is, 
we look forward to the time when, the whole under- 
ground system having been completed, the passengers 
will number upwards of half a million daily. The 
difficulties, if they have not all been conquered in the 
best manner, have, at all events, been brought far 
within the limits of mechanical and commercial prac- 
ticability. 

The steam plough, although its success has not been 
altogether so complete commercially as could have 
been wished, is a great stride upon the farming 
practice of six years ago, and in few other directions 
could true mechanical genius, such as that of the late 
Mr. Fowler, have been turned, to at once meet greater 
difficulties and the promise of higher ultimate reward. 
Of course there were ten thousand to own that “the 
principle was beautiful,” while reserving the opinion 
that “practical difficulties would prevent its ever 
being successfully carried out.” The cost, risk, com- 
plication, and management of a field steam-engine 
formed a series of great obstacles. Beyond this 
the rope would always be breaking, the plough 
could never be kept to its proper depth, and it 
could never turn a straight furrow. The tackle that 
would serve for light lands would never do for stiff 
clays, nor could it be readily adapted to small fields 
nor to sideling ground. All these difficulties have 
happily been overcome, and the belief of those who 
know most of the subject is that the more extended 
introduction of steam has been retarded rather from 
the want of ready cooperation in forming steam-plough 
companies in the farming districts than from any 
other cause. Few single farmers can afford a plant 
costing 800/. or so, the interest upon which goes on 
daily, while they may not require to work it one day 
in ten or even twenty. Yet there is grand evidence of 
progress in finding this application of steam already in 
wide use, with the acknowledgment everywhere that 
the principle is correct. To say that it is not in 
universal use, and that horses are no longer required 
for ploughing, would be as unreasonable as to have 
said, fifty years ago, that the steam-engine itself, al- 
though its eekien had been fully developed, was not 
m universal use. 

The increasing employment of traction engines, as 
compared with what was achieved five years ago, is 
extraordinary. They were then reckoned only as in- 
teresting experiments. Now they have become com- 
mercial necessities. So long as their success had not 
been proved to the whole world, there was room for 
numberless objections. There was the danger from 
explosion and from fire, that of frightening horses, the 
great cost of repairs, the nuisance of smoke, and the diffi- 
culty of working in frequented thoroughfares and in 
narrow, wet, and crooked lanes. To say that all these 
risks have been disposed of, and all these difficulties 
overcome, would now be as trite as to repeat that the 
steam-engine itself had at last been found successful. 

€ traction engine, so long as the work is rough and 
heavy, can go where horses could never go, do what 
horses could never do, and at a cost with which horse 
power could never compete. One great bugbear in 
the way of the adoption of steam on the farm and upon 
common roads has been the alleged difficulty of find- 
ing men fit to work it. We have had, indeed, the 
utterances of a journal affecting a position in the 
mechanics of steam-engineering going to support the 
view, happily not general, that farm labourers could 
never be trusted with improved machinery. As we 
know both classes well, we would back an average 
farm labourer against half a dozen of theclass of “gentle- 
men apprentices,” who, with a smattering of farm 


knowledge, profess to circumscribe all intelligence by 
their own. 


If we wish to pursue the wonders of the last five 
years, do we not find one in Ransome’s new artificial 
Stone process, a process so new, despite the fact that 

t. Ransome has been twenty years before the public in 
Connexion with artificial stone, that this journal, youn 
as it is, was the first to give an intelligible an 





accurate description of it? A ton or twenty tons of 
sharp sea sand, slightly agglutiniséed by a mixture of 
silicate of soda, is turned almost in a moment into in- 
destructible stone by a bath in a solution of chloride 
of calcium, both “ chemicals,” as we will here term 
them, being of ready production and of insignificant 
value. There is no greater marvel in practical 
chemistry, and certainly none in connexion with build- 
ing materials, than Ransome’s new process for making 
artificial stone—a stone which, while it can be cast, 
like iron, into any form capable of moulding, is as in- 
destructible as iron, if not more so, after it has once 
“c set.” 

We have said nothing of the pneumatic railway. 
The writer, a few years ago, came near having a news- 
paper quarrel with a correspondent—a “ sound 
practical man ”—who really had to protest that it was 
too unreasonable to suppose that human beings 
would ever consent to be shot through an air- 
tube. Without going back to Vallance’s experiments 
at Brighton—and Mr. Bennet Woodcroft informs 
us that he was whisked through Vallance’s pipe— 
we may observe that we saw the first human being 
shot through the pneumatic tube at Battersea a ver 
few years ago. The individual was a navvy in a hig 
state of beer, and he came out after a quarter of a mile 
ride in rather more than a minute, in an excellent state 
of preservation, at the other end. When the parcels 
tube was opened from Euston to Holborn, a length of 
12 miles, we subjected ourselves to the experiment of 
going through, on three successive journeys, and we 
found, what we had every reason to expect from the 
plan of the line and its mode of working, a regular 
easy transit and ample ventilation. The pneumatic 
system presents just that class of peculiar “ practical 
difficulties” which an engineer loves to overcome, and 
which, we may add, involve no great stretch of inven- 
tion to subdue. Engineers have tenfold more difficulty 
with shareholders, and directors, and vestries, and 
local boards than they have in dealing with purel 
mechanical difficulties. As, in all probability, half of 
London will soon go through the White and 
Waterloo tube, under the bed of the Thames, we 
shall not indulge in any further predictions as to the 
pneumatic system, 

We might have gone on indefinitely, but a glance 
at the space we have already occupied reminds us that 
we have gone perhaps too far already. What shall we 
say of that political and engineering bugbear, the Suez 
Canal, now nearly open for traffic, with every prospect 
of a steady and paying business? What of twin screws 
and balanced rudders, not long since scoffed at (and in 
public) by certain shipbuilders, who, besides being 
members of Parliament, like to describe themselves as 
naval architects? What of smokeless furnaces burnin 
raw slack such as Siemens’s, and more recently Wil- 
son’s? The simple inclined fuel-plate and air-admis- 
sion of Wilson is, speaking seriously and with due con- 
sideration, likely to save millions in our manufacture 
of iron and in our various uses of coal. We are 
speaking not from hearsay, but from a prolonged care- 
ful observation of the working of this invention. So 
far as unbelief may attend honest doubt, we should 
be glad to go into extended particulars of what we have 
seen; and so far—as is sometimes the case—unbelief 
proceeds from prejudiced and from hostile feeling, we 
would be ded to be instrumental in prohibiting, by 
parliamentary enactment, every such unbeliever from 
availing himself of this invention. It is but a ve 
few years since the greatest difficulty which the imagi- 
nation of that period could paint, that of preventing 
smoke in coal-burning locomotives, was successfully 
overcome. ‘The invention is already perfected for pre- 
venting the nuisance of smoke from puddling and mill 
furnaces, and it is only a matter of wonder that, with 
all our knowledge of chemistry, this invention was not 
hit upon, in its general form, twenty years ago. 

To all we have said we might add other although, 
no doubt, minor instances of progress. The gas engine, 
the later and more improved breech-loading rifles, the 
apparatus whereby the London and North Western 
tenders pick up water while at full speed, water-pres- 
sure machinery, and the application of water-pressure 
to punching, shearing, and rivetting, and even Weston’s 
latest pattern of differential pulleys, are admirable ex- 
amples of very recent mechanical progress. Shall we 
at the bottom of the list add the gun open at both ends, 
which, nevertheless, discharges only from the muzzle ? 
It is difficult to decide where to stop, but we wish to 
from recent progress only encouragement for the 

uture. 








THE LATE Mr. Deruicx.—We t toannounce the death, 
by apoplexy, on Monday last, of Mr. William Dethick, the well- 
known contractor. 





SMOKING-CARRIAGES. 


Pustic opinion has long decided that the only way 
to settle the vexed question of smoking on railways is 
to provide accommodation on all trains, both for smok- 
ing and non-smoking travellers; and there is little 
doubt but that, before long, such accommodation will 
be afforded on all lines. About twelve years ago, Mr. 
J. V. Gooch constructed some carriages with smoking 
compartments for the Eastern Counties (now the Great 
Eastern) Railway, and since that time smoking-car- 
riages have been run on a considerable proportion 
of the trains on that line, and particularly on those 
employed for “local” traffic. On the North London 
and Lancashire and Yorkshire Railways also smoking- 
carriages are provided on all trains, and the practice is 
spreading to other lines. 

In constructing smoking-carriages care should be 
taken to provide abundant means of ventilation; and 
too much trimming should be avoided, as it tends to 
retain the smell of stale smoke, a thing that is by no 
means desirable. The best covering for the cushions, 
&c.,is horsehair cloth, and next to that probably the 
American leather cloth; the latter forms a very cheap 
and neat covering, but it is not so durable as the 
former. Either rope matting or cocoa-nut matting forms 
an excellent covering for the floors, as either has a com- 
fortable appearance, and is not easily ignited by falling 
sparks, &c. In some instances we have known the 
matting to be impregnated with sulphate of zinc in 
order to increase its resistance to ignition. 

Some exceedingly comfortable first-class saloon 
smoking-carriages were constructed by Mr. Sinclair 
for the Great Kastern Railway about three years ago. 
These carriages have bodies 24 ft. long, and these 
bodies are divided into three compartments only, so 
that each compartment has a clear length of about 
7 ft. 8in. inside. The seats are placed transversely in 
the ordinary manner, and in the space betwixt them is 
placed, in each compartment, a small oval table. The 


Y.| carriages are 5 ft. 94in. high at the sides, and 6 ft. 


23 in. at the centre, and they are provided with venti- 
lators round the roof lamps as well as over the doors, 
The carriages are trimmed with horsehair cloth, and 
the floors are covered with mats of cocoa-nut fibre. 
The stuffing at the backs of the seats is only carried up 
a few inches above the heads of the passengers, the re- 
mainder of the interior being lined with mahogany 
French polished, and relieved by gilt mouldings. 
When these carriages were first « B- on the line, 
they were frequently rendered unavailable for their in- 
tended purpose by their being appropriated by the fair 
sex, aad this, together with the fact of their providing 
ample room between the seats for the ladies’ dresses, 
gained them the nickname of “ crinoline carriages.” 
We have said that’ great attention should be paid to 
the thorough ventilation of smoking-carriages, and we 
have recently noticed in some of the carriages of the 


“Lancashire and Yorkshire Railway an arrangement of 


ventilators which appears very efficient. ch com- 
partment of the new first-class smoking-carriages on 
that line is fitted with two ventilators in the roof, these 
ventilators consisting of openings covered by a per- 
forated disc, by turning which the extent of the open- 
ings can be varied at pleasure. In each ventilator, 
above the openings in the roof, there is placed a screen 
of wire gauze, and above this again are a series of re- 
volving spiral vanes, carried “ an upright spindle. 
These vanes revolve horizontally, lantion be ng imparted 


"Y | to them by means of a kind of cow] fixed at the top of 


the'spindle, and acted upon by the air when the train 
is in motion. The action of the vanes tends to exhaust 
the air from the carriage, and thus clear it of smoke, 
&c., and the extent to which this is allowed to take 
place can of course be regulated by the perforated discs 
already mentioned. The carriages are also provided 
with the usual ventilators over the doors. The rail- 
way companies which have hitherto provided smoking 
accommodation on their trains have in most cases 
done so for first-class passengers only. This is not as 
it should be; there should be smoking-carriages of all 
classes, and there is no doubt but that their provision 
would put a stop to a large amount of contention and 
dispute. 








A Traction Enernz.—A traction engine of the most extra- 
ordinary construction was not long since made at Paterson, 
U.S., for working across the “plains” to California. It was 
constructed fora Mr. Jesse Fry, who has within the last six 
years brought out various schemes for traction engines, with 
what success we cannot say. His last engine weighs about 40 
tons. Its hind wheels are each about 8 ft. in diameter and 20 in. 
wide, its front wheels about 6ft. in diameter and 18 in. wide. 
Each wheel is worked separately by a pair of steam cylinders, 
or by-eight in all. An additional pair of steam cylinders works 
the steering gear, and there is, besides, a donkey pump, so that 
there are eleven steam cylinders in all. 
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Aw iron floating dock for Bermuda has been recently designed 
and is now being constructed by Messrs. Campbell, Johnstone 
and Co., of North Woolwich. This dock is to be capable of 
docking ships of the Bellerophon class when water-logged ; it is 
fitted with a caisson at each end, and has a double bottom and 
sides 20 ft. apart. The principal dimensions are as follows, 
Viz. ; 

Length overall... B81 ft. 
Length between caissons 330 ft. 


Breadth overall ... ... 124 ft. 
Breadth inside of dock ... 84 ft. 
Depth overall... ... 72 ft. 


It is divided longitudinally into eight water-tight compart- 
ments on each side of the keel, and each of these is again 
divided into three smaller compartments not water-tight. 
Transversely it is divided into three compartments on each side 
of the keel, called, respectively, the “ load chamber,” “ balance 
chamber,” and “air chamber ;” these chambers being water- 
tight and distinct from each other (see sketch A). 

The dock, when not in use, has its chambers empty, with the 
exception of the air chambers, in which ray of water is 
always kept for supplying the pumps to fill the load chambers 
when required. 


The process of docking a vessel may be described. thus: The 
load chambers are first filled by pumping engines fitted on the 
top of the dock, and having suction pipes leading into the air 
chambers. After this has been done, the valves fitted at the lower 
part of the balance chamber and communicating with the sea ure 
opened, and the chambers filled, this operation sinking the dock 
tosuch a — that, by opening valves fitted through the caissons, 
water can be run into the dock in order to bring the contained 
water to the same level as the water on the outside, when the 
caissons can be taken out, and there will be a depth of 27 ft. of 
water on the blocks (see sketch A). 

The ship having been brought over the blocks, the water in 
the load chambers is allowed to run out, and the balance cham- 
bers partly emptied, if required (see sketch B); the ship is now 
breastshored, and the caissons put in place, after which the water 
remaining in the dock is run into the air chambers, as shown at 
C, by means of valves fitted in the bottom of the dock, in which 
state the dock remains until the vessel is ready for undocking. 
Should the vessel not be exactly in the centre of the blocks, the 


dock is brought perpendicular by letting a portionjof the water 
out of the balance ber on one side or the other, as the case 
may require, 

o undock the vessel water is run into the dock through the 


valves in the caissons, and the balance chambers filled up, this 
bringing the dock into the position shown in sketch D, with the 
ship afloat ; the caissons are then taken out, when the vessel may 
be undocked. To bring the doc again ready for use the water 
in the air chambers is pumped into the load chambers and run 
into the sea, in order to allow ti» dock to be emptied into the 
air chamber. Sketch E shows the dock heeled over, in order to 
clear or repair the bottom. 

__In docking small vessels the dock has sufficient buoyancy to 
lift them quite out of the water, when the caissons would not 
be required. The patentee also proposes to make pontoons 
capable of carrying light vessels to fit the inside of the dock ; these 
pontoons he sinks in the dock, and after bringing the vessel 
over it, the dock is raised and the water let out of "the pontoon, 
when the dock is again sunk, leaving the pontoon afloat with 
the vessel on it ; by these means a number of ships, corresponding 


to that of the pontoons provided, might be repaired at the same 
This dock is the first of its class yet constructed. 


time. 











FLOATING DOCK FOR BERMUDA. 


CONSTRUCTING BY CAMPBELL, JOHNSTONE AND CO., ENGINEERS, LONDON. 



































From THE AMERICAN LAKES TO LiveRPOoL.—Lake Erie 
lies at an elevation of 580 ft. above the level of the sea, the 
descent of 334 ft. to Lake Ontario being the total fall of the 
Niagara river, the great cataract itself falling 162ft. From 
Lake Ontario, 246 ft. above the sea, the fall is that of the St. 
Lawrence river, which at many points has rapids of considerable 
strength, but no actual cascades. From Lake Erie to Lake 
Ontario vessels of 100 ft. length and 20 ft. beam pass down 
through the locks of the Welland Canal. Many small vessels 
have made the voyage from Liverpool to ports on Lake Erie and 
Lake Michigan (which latter, although beyond Erie, is at nearly 
the same level), and it is now proposed to establish a line of 
petroleum vessels to trade direct between Erie and this country. 

Home News via New York.—An English lord, sitting in 
the telegraph office in London, had his cigar lit by an electric 
spark from Hearts Content. It cost him two hundred guineas. 
—American Artisan. 

Tue Bower Expioston at Liverpoou.— The adjourned 
inquest on the bodies of the men killed by the boiler, explosion 
on board the ship City of Liverpool was resumed on Tuesday, 
Mr. A. MacLennen, civil engineer, and superintendent to several 
steamship companies, gave evidence condemnatory both of the 
metal of which the boller was made, the thinness of the plates, 
and the very defective safety-valve. The witnesses for the 
makers of the boiler have not yet been heard. 

Tue PernamBuco Bartway.—The Pernambuco Company 
have been offered by the Brazilian Government, and have ac- 
ny a loan of 16,0007. towards purchasing additional rolling 
stock. 

Tue ABERDEEN WATERWORKS.—The new gravitation 
waterworks at Aberdeen, fully described in our last number, 
were opened on Tuesday last by the Queen. To the address of the 
Lord Provost, the Queen replied in a few words, the first she has 
spoken in public, in her official capacity, since the death of the 
Prince Consort, in 1861. 








HYDRAULIC PRESSURE GAUGE. 


THE accompanying engraving is an illustration of a hydraulic 
pressure gauge constructed, by the well-known firm of Shaeffer 
and Budenberg, upon Bourdon’s principle moditied to suit pres- 
sures reaching to 5 tons per square inch. The majority of our 
readers are, no doubt, aware that Bourdon’s pressure gauge is 
based upon the property by an elliptical bent tube 
closed at one of its extremities to uncoil itself when an internal 
pressure is pe by the medium of some finid substance, such 
as water or oil; and the degree of sensitiveness of the instrament 
depends upon the following two things simultaneously, namely, 
= length of the coil and the thickness of the metal of the 
tube. 

For very high pressures, such as are transmitted by the 
hydraulic press, considerably less sensitiveness is required than 
for steam purposes, and for this reason Messrs. Shaeffer and 
Budenberg have redueed Bourdon’s coil, which has a length of 
about { of a circumference, to half a circumference oply, and 
the tube, which in Bourdon’s gauge is made of burnished 
brass, is in this gauge made of solid steel bored out to the 
shape shown in cross section. The loose end is made tight by 
means of a brass nut screwed u it, and the joiat, with the 

iece which screws to the hydraulic pump -—. is made good 

y letting the tube slightly into it, A small connecting rod, 
articulating in a socket joint, is attached to the loose end, and 
communicates motion to the index by means of a small crank, 
quadrant, and pinion; a light hair-spring is attached to the 
index in order to prevent back lash. 

Messrs. Shaeffer and Budenberg have provided these gauges 











with a contrivance, very simple in its construction, for register- 
ing the maximum pressure which has been attained, by means 
of a loose index which is pushed forward by the principal index, 
but catches, by means of a small lift, in a kind of a ratchet- 
wheel cut on to the centre of the dial-plate, and, if the gauge is 
locked, it must remain in the position to which it has 
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The fluid used in these for transmitting the pressor? 
is oil, with which the tubes are filed, the advantage of oil being 
that it does not corrode the tube so readily as water. — 

These gauges have been applied with complete success, 
especially in oil mills, and, among others, at the 





Mills, at Limehouse, and at Messrs. Blundell and Co’s mills, at 
Hull, They are now coming into extensive use. 
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RICHARD ROBERTS’S MULTIFARIOUS PUNCHING MACHINE. 


CONSTRUCTED BY THE LONDON ENGINEERING AND IRON SHIPBUILDING COMPANY. 
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THE WATERWORKS OF LONDON. 
No. V.—Tue Lamsere Waterworks Company. 
(Continued from page 275.) 

One of the main things gained by the employment of 
the double cylinder arrangement is the comparatively 
small variation in the motive force exerted by the two 
pistons throughout their stroke ; thus in the two cases 
of which we have just given the particulars, if we _. 

ose the pumps to be disconnected, and the whole 
al exerted by the pistons to be transmitted through 
the connecting-rod, the mean pressure on the crank-pin 
would in the first case amount to 15,240 lb., and in the 
second case to 22,400lb., whilst the maximum pres- 
sures would be 27,838 lb. and 36,058 lb. respectively ; 
and the ratio of maximum to mean pressure would be 
1.83 to 1 in the first, and 1.61 to 1 in the second case. 

In reality, however, the pressures would be modi- 
fied by the inertia of the reciprocating parts, which 
would tend to diminish the effective pressure during 
the first half and increase it during the latter half of 
each stroke. The reduction of the initial blow given 
by the pressure of the steam upon the pistons at 
the commencement of each stroke, effected by the 
double cylinder arrangement, of course greatly relieves 
the strain upon all the working parts, and it thus 
enables the steam to be safely welled with a higher 
degree of expansion than it otherwise conveniently 
could be. A long discussion of the advantages and 
disadvantages of the single and double cylinder and 
Cornish and rotative engines would, however, be out 
of place here, and we must, therefore, return to a de- 
scription of the engines at the Lambeth Waterworks. 

Both cylinders are steam-jacketted at the sides and 
bottoms; but the top covers are provided with an air 
space only. Referring to the section of the large 
cylinder given in Fig. 2,* it will be seen that the barrel 
of the cylinder is bolted to the base by means of an in- 
ternal flange, whilst the connexion between the base 
and the steam-jacket is effected by an external flange. 
At the top the joint between each jacket and cylinder is 
made by a stufling-box, this arrangement allowing the 
cylinder and jacket to expand or contract indepen- 
dently without affecting the tightness of the joint. 
Any water arising from the coniouniien of the steam 
in the jackets drains into the bottom jacket of the large 
cylinder, and thence back into the elles, the latter 
being placed at a lower level than the engine-house 
floor. The pistons are of cast iron, that of the large 
cylinder being 124in. and that of the small cylinder 
20in. deep. In the case of the new engines, they 
are packed with steel ring® on Mr. Ramsbottom’s 
lan. From Fig. 2 it will also be seen that stuffing- 
Seuss are introduced for connecting the different parts 
of the valve-box and eduction pipe, so that there 
may be no strains arising from unequal expansion. 
In Messrs. Simpson’s new engines the piece which 
is shown in Fig. 2, as connecting the upper and lower 
ends of the valve-box, is made in two parts united by 
flanges, and a sufficient interval is left between the 
upper end of the lower and the lower end of the upper 
portions of the valve-box to allow of the two parts of 
the connecting-piece being removed from their places 
singly, so as to give ready access to the valve. 

The air-pump, which is also shown in section in 
Fig. 2, is 30in. in diameter, and the bucket has a 
stroke of 3ft. OSin. The valves are of india-rubber, 
arranged as shown in the section. The cold-water 
pe and the air-charging and feed pumps are worked 

y rods coupled to the beam at a point corresponding 
to the point of attachment of the air-pump rod, but on 
the other side of the main centre, and they also, there- 
fore, have a stroke of 3ft. Ofin. The air-chargin 
and feed pumps are worked by one rod, and the cold. 
water pump by another, these rods being placed side 
by side, and being coupled to centres on opposite sides 
of the beam. The cold-water pump-rod passes direct 
to the bucket, as shown in the section of that pump, 
Fig. 3, from which it will also be seen that the valves 
of the pump are of india-rubber. The air-charging 
pump is ag below the feed pump, but in the same 
straight line, the feed pump being inverted, that is to 
say, the plunger works through the lower end. The 
rod for working these pumps is coupled to a crosshead 
above the feed pump, and from this crosshead two rods 
extend downwards, one on each side of the feed pump, 
to another crosshead which extends across between the 





* The illustrations referred to in the present article were 
published on pages 273 and 276 of the last number of En- 
GINEERING. We may also take this opportunity to state that 
on page 274 of our last number, in the second column, 31st line 
from the top, the stroke of the larger pistons of the Lambeth 
engines was, by a typographical error, given as 5 ft. instead of 
8 ft. The error was, however, corrected by the length of the 


crank given a few lines lower down, as well as by the correct 
stroke being stated in a later portion of the article. 





two pumps. The two rods and the crossheads just 


mentioned thus make a sort of vertical frame round 
the feed pump, and to the lower of the two crossheads 
the plunger of the feed pump and the rod of the air- 
charging pump are connected. The feed-pump plunger 
is 4in. m diameter, and the valves are of india-rubber, 
1} in. thick, working on grids, having openings } in. 
wide. The bucket of the air-charging pump is 5 in. in 
diameter, and is fitted with india-rubber valves opening 
upwards. ‘The delivery valves are also of india-rubber. 
As the air-charging pump has to work against the full 
pressure in the mains, the grids upon which the yalves 
work are made with openings only $ in. square, so as to 
give good support to the india-rubber. The thickness 
of the latter is Zin. The lower end of the air-charging 
pump barrel is closed, the air being admitted through 
a pipe connected with it. This pipe is bent upwards, 
and is connected to another by which water can be 
admitted into the pump at pleasure instead of air, it 
being necessary to do this sometimes to prevent the 
valves and piston packing from getting too dry and 
becoming heated. From the above description, it will 
be seen that both the air-charging and feed pumps, as 
well as the cold-water pump, deliver their contents 
during the up stroke, and the chief strain on their rods 
is therefore a tensional one. 

The connecting and pump rods are built up of 
wrought-iron plates and angle-irons riveted together, 
all the rivet holes being drilled, and the rivets being 
turned and put in cold. The connecting rod, which is 
24 ft. long between centres, is of box section, with ex- 
ternal angle-irons, whilst the pump rods, of which there 
are a pair to each engine, are of [ section. The con- 
necting rod is coupled to a bearing between the two 
flitches of the beam, but the pump-rod bearings are on 
the outside of each part of the beam, and the two rods 
are thus placed at a sufficient distance apart to allow 
the crank and connecting rod to work in between them. 
By using this arrangement, the pump rods can be 
coupled to the beam at a point much nearer the con- 
necting-rod centre than they otherwise could be, and a 
longer stroke is thus obtained for the pumps. The 
lower ends of the pump rods are coupled to a crosshead, 
which embraces the head of the pump plunger, and is 
furnished at its ends with guides, which work on suit- 
able guide bars. The arrangement is clearly shown by 
Figs. 1 and 4. 

The main pump is of the combined bucket and 
plunger class, a description of pump which it is believed 
was first introduced by Mr. Thomson, at the Richmond 
and Bristol Waterworks in 1848. In the case of the 
Lambeth engines, the pumps have, as we have already 
stated, a stroke of 6 ft. 1] in., and the diameter of their 
buckets is 23gin. The plungers are 16}in. in dia- 
meter; but it must be borne in mind that, in this class 
of pumps, the pumping power is determined by the 
length of stroke and diameter of the bucket alone, the 
size of the plunger merely determining the proportion 
of the total quantity of water which is delivered during 
the down stroke ; the amounts delivered during the up 
and down strokes being of course equal, if the plunger 
has a sectional area equal to half that of the bucket. 
In Fig. 1, we give a vertical section and, in Fig. 4, an 
elevation of one of the pumps. From these views it 
will be seen that the pump barrel is enlarged at the 
lower end to join the valve box containing the suction 
valves. These valves consist of two annular gun-metal 
valves of the section shown in Fig. 1, striking on 
gun-metal seats, and the box containing them, together 
with the suction pipe, is ordinarily supported partly by 
the bolts connecting the former with the lower end of 
the pump barrel, and partly by set screws which bear 
upon cast-iron girders, carried across the pump well 
near the level of the suction valves, as shown in Fig. 
4. The suction-valve box is also provided with a 
wheel or pulley on each side, and by breaking the 
_ between the valve box and barrel, and slacking 
yack the set screws just mentioned, the valve box and 
suction pipe are lowered until these pulleys rest upon 
rails cast upon the cast-iron girders to receive them. 
When the valve box and its connexions have been then 
thus made to rest upon the pulleys, it can be readily 
moved on one side for the purpose of giving access 
to the suction and bucket valves. 

The bucket is furnished with a single annular valve, 
of the same description as the suction valves, but of 
slightly different section, as will be seen from Fig. 1. 
The bucket is connected to the plunger by a short rod 
keyed into a socket at the lower end of the latter, this 
rod having a collar formed on it which acts as a check 
to the bucket valve. The delivery valves are flap valves 
hung nearly vertically ; they are placed in a valve-box 
connected to a short branch on the pump barrel, the 
whole arrangement being shown in Fig. 1. As in the 
case of the engines at the Chelsea Waterworks, the 








whole of the delivery pipes from the pumps of the four 
engines which are now at work unite in a 30 in. main, 
branch pipes from the point of junction communicat. 
ing with a pair of air-vessels of the shape shown in 
Figs. 4 and 5. These air-vessels, which are connected 
at the top and bottom, serve for the four pumps, and 
the lower part of each of them is 13 ft. Gin. high, 
with a diameter of 4 ft. outside, whilst the upper parts 
are 6ft. 4in. high and 2ft. 6in. in diameter, A 
similar arrangement of delivery pipes is being adopted 
in the new engine now erecting. The pump-well, for 
each pair of engines, is 23 ft. 1} in. long, and 9 ft. 6 in. 
wide, and, in the case of the engines now at work, 
the depth is 49ft. below the floor of the engine. 
house. The pump-wells of the new engines, however, 
are, we believe, being made the same depth as at the 
Chelsea works, or 54 ft. below the engine-house floor, 
In the drawing of the pump-well of the engines now 
working, the engine-house floor is marked as being § ft, 
above the surrounding ground level, and 28 ft. above 
the mean summer water level; and as this last men- 
tioned level is taken at Thames Ditton as 3 ft. above 
Trinity high-water mark, the level of the engine-house 
floor must be 31 ft. above Trinity high-water mark, or 
43 ft. 6in. above Ordnance datum. The lowest level 
of the water in the filter-beds is also marked on the 
drawing, just referred to, as being 38 ft. below the 
engine-house floor, corresponding to 5 ft. 6 in. above 
Ordnance datum. 

The engines at Thames Ditton pump the water 
through a 30in. main, 103 miles ton to covered 
reservoirs at Brixton. The level of the water in these 
reservoirs is given in the map of the company as 
103 ft. above Trinity high-water mark, or 115 ft. 6in. 
above Ordnance datum ; and the dead head against the 
pumps, consequently, probably averages about 105 ft. 
The head actually pumped against is, however, con- 
siderably more than this, and it varies greatly at dif. 
ferent times of the day. The main leading from 
Thames Ditton to Brixton has numerous services con- 
nected with it, and in the morning, when these are 
open, the total head against the pumps is only about 
165 ft. As the services are A noel | the head increases 
to upwards of 200ft. Soon after the engines were 
finished, they were tested, by Mr. Joshua Field, bya trial 
of 24 hours’ duration, and during this trial they were 
worked at 14 revolutions per minute, and the head 
against the pumps was 210 ft. Under these circun- 
stances it was found by Mr. Field that the actual work 
done by the engines, as measured by the water de- 
livered by the pumps, amounted to 97,084,894 lb 
raised one foot high by the combustion of 112]b. of 
Welsh coal. The speed of 14 revolutions per minute 
is that at which the om are now usually worked, 
and the steam is generally cut off at five-eighths of the 
stroke in the small cylinders. In the summer time 
the whole of the engines are kept at work almost con- 
tinually ; but in winter three only are run, one being 
being disconnected. Another 30 in. main is now being 
put down by the side of that through which the en- 
gines at present pump, and near the engine-houses the 
mains will be fitted with valves, so that either the new 
or the present engines can be made to pump through 
either or both mains at pleasure. 

The engines are at present supplied with steam by six- 
teen single-flued Cornish boilers, of the same description 
as those at the Chelsea works, which we described the 
week before last, and three others are now being added. 
Nine—or, including the three new cnes, twelve—of the 
boilers are situated in the boiler-house between the two 
engine-houses, and their steam will be available either for 
the present orthenewengines. Twelveboilersare worked 
to supply steam to the four engines, and the pressure 
to which the boilers are loaded is 40 lb. per square inch. 
The coal is unloaded from the barges in the river and 
brought to the coal stores in the same manner as at 
the Chelsea Waterworks, described a fortnight ago. 

The reservoirs at Brixton have an area of about three 
acres, and from them the lower parts of Lambeth and 
the adjoining parishes are supplied by gravitation 
through two 20in. and one 10in. main. At Brixton, 
near the reservoirs, there are also three engine-houses, 
the one containing two engives of 60 horse power each, 
and the other two each a pair of engines of 30 horse 
power, all being made by Messrs. Simpson and Co. 
The 60 horse engines are beam engines, on the double- 
cylinder principle, the low-pressure cylinder of each 
engine bemg annular, and surrounding the high-pres- 
sure cylinder. The diameter of the ner cylinder is 
16in., whilst the inner and outer diameters of ithe 
annular piston are 25} in. and 41 in. respectively. The 
stroke of both pistons is 5 ft. 6 in., the two piston-rods 
of the annular piston and the single piston-rod of the 
high-pressure piston being coupled to one crosshead. 
The distribution of the steam for both cylinders 1s 
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effected by a single slide-valve of peculiar form, this 
valve having an expansion valve working’ at the back 
of it. Each valve is driven by an eccentric on the 
crank-shaft. The low-pressure cylinder is protected 
by a steam jacket on the outside, and a steam-jacket is 
yn formed between the high and low pressure cylin- 
ders. The arrangement of the pump end of these 
engines is very similar to that of the engines at Thames 
Ditton, which we have already fully described. Each 
engine drives a bucket and plu er pump, having a 
bucket 174 in. and a plunger 12,7, in. in diameter, the 
stroke bemg 4ft. 7{im. These engines are both 
worked at night, one only being run during the day, 
and they pump the water between the 100 ft. and 
250 ft. contours abdve the river, supplying Brixton, 
Dulwich, Beckenham, Penge, Balham, Streatham, 
Tooting, Selhurst, &c. At Streatham Hill and Sel- 
hurst there are reservoirs which are supplied by these 
engines, the levels of the reservoirs being respectively 
185 ft. and 206 ft. above Trinity high-water mark, or 
197 ft. Gin. and 218 ft. 6in. above Ordnance datum. 
The engines are provided with four single-flued Cornish 
boilers, of which two are regularly worked. 


Of the other engines at Brixton, one pair are: ordi- 
nary condensing beam-engines, with cylinders 214 in. in 
diameter and 3 ft. stroke. Their connetting-rods dre 
coupled to cranks placed on one crank-shaft at right 
wae to each other, and they are fitted with bucket- 
and-plunger pumps, the arrangement of the pump-rods 
being the same as in the Thames Ditton engines. 
The pump buckets are 12 in. and the plungers 8} in. 
in diameter, and the stroke is 2 ft. 7 in. These engines 
pump into a reservoir at Rockhills, near the Crystal 
Palace, through a main from which services are led for 
the supply of the high districts. The engines can be 
made to pump either directly into the reservoir or 
over a stand-pipe at the reservoir, the level at,which 
the water is delivered being in the one case 350 ft. 
and in the other 400 ft. above Trinity high water or 
362 ft. 6 in. and 412 ft. 6 in. above Ordnance datum. As 
the Brixton reservoirs, from which these engines draw 
their water, are 115 ft. 6in. above Ordnance datum, the 
dead head against the pump when delivering into the 
Rockhills reservoir is 247 ft., and when pumping over 
the stand-pipe 297 ft.; but the actual heads, including 
friction, are considerably more, being about: 375 ft. 
when pumping into the reservoir, but varying accord- 
ing to the amount of water taken off by the service- 
pipes. The engines are supplied with steam by three 
single-flued Cornish boilers worked at 35 lb, per square 
inch. 

The other pair of engines, or, more properly speaking, 
the other engine, is on the double-cylinder principle, 
the high and low pressure cylinders being placed at 
some little distance apart, and their piston-rods being 
— to independent beams, working cranks at right 
angles to each other. The high-pressure cylinder is 
12 in. and the low-pressure cylinder 214 in. in diameter, 
and both have a stroke of 3ft. The steam from the 
high-pressure cylinder is exhausted into an interme- 
diate reservoir, where it is reheated by a steam jucket, 
and is then led into the low-pressure cylinder. The 
steam is cut off at half-stroke in the high-pressure and 
at }; of the stroke in the low-pressure cylinder. The 
pumps are of the same class as those of the other 
engines; the buckets are 7% in. and the plungers 53 in. 
in diameter, and the stroke is 31 in. ese engines, 
which have only been erected a few months, work 
against an actual head (including friction) of 316 ft., 
and they raise the water into a tank near the Rockhills 
reservoir. They can also be made to assist the other 
30-horse engines, if required. In winter they are run 
about 7 hours per day, and in summer about 12 or 14 
hours per day. They are provided with three single- 
flued Cornish boilers, of which one only is at present 
—. The pressure of the steam is 45 Ib. per square 
inch. 

The total length of the pipeage of the Lamibeth 
Ww aterworks Company is nearly 300 miles, and, in ad- 
dition to the districts which we hen already mentioned, 
they supply the town of Kingston and its neighbour- 
hood. At Combe Hill they have a reservoir 160 ft. 
above Trinity high water, or 172 ft. 6 in. above Ord- 
nanee datum. Their annual water rental is now 68,248/., 
and, according to the Registrar-General’s report pub- 
lished at the begining of August last, the average daily 
supply of water furnished by them was 9,907,400 
F lons, this quantity being distributed amongst 36,374 

ouses. The amount of solid matters contained in 
100,000 parts of the water was 25.51 parts, and of this 
total quantity 1.53 parts consisted of organic matters 
and 17.2 parts of carbonate of lime or its e uivalents, 


the degree of hardness of the water expressed by Clark’ 
Scale being 12.04. . 7 , 





WORKS IN NEW YORK. 


Tue great New York millionaire, A. T. Stewart, has 
taken a strong interest in the construction of an under- 
ground railway in that city, and he has obtained re- 
_ upon the subject from the engineers of the 
Metropolitan line here. Mr. Craven, the engineer to 
the Croton Aqueduct, and who, from his office, has 
charge of all the sewers of New York, is also collecting 
information upon the~ subject. through American 
engineers now in London; but nothing has actually 
been done towards the construction of such a line in 
New York. 

The Croton reservoir, forty miles from the city, and 
formed by a masonry dam across the Croton River, 
contains 500 million gallons. The drainage area of 
the Croton valley, including its tributaries, is 352 
square miles, ro much the greater portion of the 
water runs to waste. To insure a more certain 
supply in times of drought, a much larger impounding 
reservoir is about to be made upon one of the branches 
of the Croton; and we may just note that the Croton 
and its tributaries have a total course of 175 miles 
within the drainage area mentioned. With a popula- 
tion of 800,000, New York receives and consumes con- 
siderably more than one-half as much as the” total 
quantity. of water supetied to London, or, ‘say, 60 
gallons per head daily. In addition to the former 
means of delivery, a 7 ft. wrought-iron pipe has been 
laid over the High Bridge, the finest of all the works of 
the Croton aqueduct. 

The defences of New York harbour are being 
steadily strengthened, and at Fort Hamilton, on one 
side of the Narrows—the entrance to the inner 
harbour from the sea—a battery of forty 15 in. 
Rodman guns is being placed. Very heavy fortifica- 
tions are in progress also at Sandy-hook, which com- 
mands all shipping coming in from the Atlantic. 

The new river steamboats, and those for Long Island 
Sound, are larger than any previously built. The St. 
John is at present the largest and by far the most 
magnificent of all the steamers on the Hudson. Her 
saloons, on the upper deck, many feet above the water, 
are marvellous for their length and loftiness, but more 
especially for their richness of painting and gilding, 
mirrors, and costly upholstery. e engiue is that 
taken from the steamboat New World, with the excep- 
tion that a new cylinder has been provided. Itisa 
single engine with the customary overhead beam, the 
diameter of the cylinder being ef in., and the stroke 
15 ft. The paddle-wheels are 45 ft. in diameter, or 
larger than those of any other steam-vessel yet con- 
structed, excepting only the Great Eastern. The 
Dean Richmond and the Drew (not the Daniel Drew, 
another boat named from the same capitalist) are the 
next finest on the river. Of the boats running on 
Long Island Sound, the largest, at present, is the 
Metropolis, with a 105 in. cylinder, 12 ft. stroke. Two 
new boats are nearly finished, however, from the de- 
signs of Hrastus W. Smit, C.E., for the New York 
and Bristol line, which are to have each a single engine 
of 110 in. cylinder and 12 ft. stroke. 

The New York fire-engine department, at last worked 
uietly by paid and disciplined firemen, now numbers 
thirty-seven ‘steam fire-engines. No hand-engines are 
used. The steamers are light, the few heavy self-pro- 
pelling engines at first used having been withdrawn 
from service. 

The street) railways are not yet worked by steam 
within the thickly settled limits of the city, but ‘ steam 
cars,” and tramway cars drawn by light locomotives, 
are employed on the extension of the Second Avenue 
Railroad to Harlem. 








ASSOCIATION OF ASSISTANT ENGINEERS 
IN GLASGOW. 


Ow the 27th November, 1860, a number of gentlemen connected 
with the engineering profession met in Glasgow, to consider the 
propriety of establishing an Association of Assistant Engineers 
mn that city, the need of such a society being at that time much 
felt. At this meeting resolutions favourable to the project 
were passed, and at subsequent meetings office-bearers were 
slected, rules were framed, and in’ due time the society was 
established. Once started, the association has ever since 
prospered, the number of members being now large and steadily 
increasing. On Tuesday, the 9th inst., the seventh session, 
1866-67, was opened in their new rooms, Bath-street, when 
the chair was taken by the new president, Mr. Mortimer 
Evans, C.E. The report of the past session having been reud 
by the secretary, Mr. John A. Croim, the president gave a brief 
but comprehensive review of the transactions of last session. 
He then introduced Jobn Downie, Esq., of the Phonix Iron- 
works, who had consented to give an opening address. After 
alluding to the past success and usefulness of this society, Mr. 
Downie mentioned the many schemes and improvements of the 
present day, calling the attention of the members to the useful 





works already executed, and recommending for their considera- 
tion those points where improvement was still wanting, and 


showing the great fields still 7 to the skill and energy of 
rising engineers. In doing this Mr. Downie took a large and 
exceedingly prehensive survey of our present field 
of engineering, commencing with the improved process for 
the separation from their ores of the precious metals, 
gold, silver, copper, &c. In speaking of the latter metal, 
e deprecated the still existing method of reducing the ore 
by smelting, comparing its ruinous waste with the enor- 
mous profits resulting from the adoption of the soluble process 
by which ores containing two or three or even less —. 
of copper might be worked to advantage. Slags, which, ti 
lately were useless, are now by this process rendered valuable, 
as are also all the products resulting therefrom. He deplored 
the injurious effects caused both to health and property by the 
old process of smelting, owing to the escape of the sulphurous 
fumes, &c. After —_ of the Bessemer process for the 
manufacture of steel, dwelling on the benefits derived by the 
use of spiegeleisen containing a large percentage of manganese 
(ferro-manganese, containing tully 40 per cent. of manganese, is 
one of the residual products of the soluble process for the ex- 
traction of copper from the refuse of iron pyrites, after it has 
be-n used for the manufacture of sulphuric acid). Mr. Downie 
touched on thé Subject of our coal-fields, expressing a wish that 
they might ‘not be so nearly exhausted as was in some quarters 
imagined,, and also hoping that ere long a good substitute for 
coal would be found in the shape of petroleum or other mineral 
oils. He thought.that, with the general introduction of machinery 
in our mines, many fields could be worked to far greater advan- 
tage, manual labour being too expensive to yield those returns 
which a good field ‘ought to do. tn speaking of gasworks, Mr. 
Downie mentioned that lately it had been discovered that coal 
dross when mixed with petroleum or shale oi] produced gas of 
excellent quality and high illuminating power, and also having 
the advantage of producing gas at a much cheaper rate than has 
hitherto been done. With regard to waterworks, he considered 
that a superabundant supply of pure water was to every city 
the never-fuiling instrument towards obtaining thorough good 
sanitary arrangements, instancing the waterworks of Glasgow, 
as amonst the best, if not the very best, engineering work of 
the kind yet completed. He was, however, glad to see that 
London,’ Dublin, Liverpool, and other large cities were also 
taking steps to secure an abundant supply of water, and were 
likely soon to have works in operation surpassing anything of a 
like nature hitherto attempted. He also described the interest- 
ing waterworks contemplated for Calcutta, which are to derive 
their supply from the Hooghly, some miles above the city, the 
muddy nature of the water rendering a more than usually 
effective arrangement of filter-beds necessary. ‘The sediment or 
mud which will be deposited in the settling tanks and filters is 
proposed to be applied to the purpose of brick-making. On the 
subject of canals he dwelt at some length, and stated that 
although railways had done much to cheapen transport, yet the 
former were still the most economical means of conveying heavy 
goods, and with the introduction of steam in place of animal 
power, the cost of working will be yet further reduced. He 
also trusted that the indefatigable exertions of the French to 
render the Suez Canal available for navigation would eventually 
be crowned with the success they deserve. A like success, he 
also hoped, would attend the labours at Mont Cenis, the tunnel 
through which, when accomplished, would tend considerably to 
shorten our communication with the East, and in connexion with 
this the subject of the central rail used on the railway over 
Mont Cenis was discussed. He also instanced the St. Paulo and 
Ceylon Railways as striking examples of the triumphs that 
engineering enterprise had achieved over obstacles which had 
until lately been deemed insurmountable. With regard to 
rmanent way generally, Mr. Downie considered that it was far 
‘rom being happily named, inasmuch as it had to be continually 
renewed; indeed it had been found that in some cases iron rails, 
when under heavy traffic, had been known to have been worn 
out in a few weeks. The introduction of the steel rail had, how- 
ever, proved an enormous advance towards a really permanent 
way, lasting, under similar circumstances, as many years as the 
former had weeks. Iron instead of timber sleepers had also 
been adopted in some cases, where the demand for wood ex- 
ceeded the supply; in some tropical regions, indeed, the iron 
sleeper is almost rendered absolutely necessary, owing to the 
ravages of the white ant, miles of wooden sleepers having been 
known to be destroyed by those insects in the course of a single 
night, Steel tyres and their manufacture were next described, 
Mr, Ramsbottom’s system at Crewe being especially noticed ; 
and in regard to steel generally, Mr. Downie looked to its intro- 
duction in engineering structures of all kinds as likely soon to 
follow its cheapened manufacture, towards which the Bessemer 
process had already so greatly tended. he 
The adoption of higher steam pressures was fast gaining 
ground, as the advantage resulting therefrom was now more 
generally recognised, and especially in steam ships, when taken 
with expansion, had the economy shown to best advantage, as 
indeed only by its adoption had long steam voyages, without 
stoppages he coalin, bie rendered an accomplished fact. In 
connexion with this Mr, Downie considered that the introduc- 
tion of petroleum as a fuel on board our ocean steamers would, 
when accomplished (which he considered would be at no distant 
day), prove a considerable step in the right direction, as, inde- 
pendent of a vast saving in stowage, there would be considerable 
economy and convenience in its application. After a careful 
review of the present state of tharine engineering, he next took 
up the subject of military engineering, mentioning in detail the 
latest. discoveries made in the use of projectiles, field-pieces, 
guns versus armour-plating, our army equipments, and the ex- 
plosive compounds; also of blasting agents, such as nitro- 
glycerine und gun-cotton. With regard to telegraphic engineer- 
ing, Mr. Downie, after speaking of the latest novel appliances, 
did ample justice to the topic of the day, viz, the Atlantic 
telegraph, and treated in succession other engineering subjects, 
such as the application of the electric light to the illumination 
of lighthouses, bridge-building, &c.; and indeed there was 
scarcely a subject connected with the profession which Mr, 
Downie did not touch upon. At the conclusion of his address, 
which was listened to with marked. attention, Mr. Downie was 
awarded a hearty vote of thanks, after which the meeting 


separated 
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RICHARD ROBERTS’S MULTIFARIOUS PUNCHING MACHINE. 
CONSTRUCTED BY THE LONDON ENGINEERING AND IRON SHIPBUILDING COMPANY. 
(For Description, see Page 303.) 
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THE COST OF MAKING RAILS. 


Wurtz the strike is going on in the North, the 
Welsh houses can buy Cleveland pigs, pay 10s. per ton 
for carriage, work up the iron into rails, and then cut 
out the Middlesborough ironmasters in the London 
market. While the Northern puddlers, who work six 
heats, and ball up 24 cwt. ‘of iron to a turn, are out on 
strike, the .pay being .10s. 6d. per ton, the. Welsh 
puddlers work seven heats, and ball-up 31} ewt. of 
iron to a turn, and get but 5s. 9d. per ton. At these 
rates the Welsh :puddler earns 9s. 1d. per day, and 

ays his under hand 2s. 6d. The Northern puddler earns 
19s, 7d. per day, and pays his under hand 3s. 4d.» It 
does not appear clear why men should work so much 
harder in Wales, and for less money, than they do in 
the North; but such is the fact. Again and again has 
it been expected that. really practicable puddling 
machinery would be introduced, and if ever the time 
is to come it should now be soon, so as to put an end, 
if possible, for ever to puddlers’ strikes. The cost in 
detail of making rails in the North at present prices of 
labour is about 62. 8s. per ton, and while this allows no 
profit, the Welsh ironmasters, at 6s,-above this amount, 
find a good return upon their whole outlay.. To make 
a ton of rails 263 ewt. of pigs and 52 cwt. of. coal are 
required. The former at the average yearly price, in 
the Cleveland district, comes to 3/. 5s., and the latter to 
17s. Fettling materials for repair of furnaces, and stores, 
oil&c., amount to 8s. more, making 4/.10s. in all. Then 
comes the labour. The wages are paid per ton of puddled 
bar, and are increased by about one-fourth in applying 
each sum to the ton of finished rails, ‘Thus the pud- 
| is 10s. 6d. per ton of puddled bars, shingliug 
1s, 8d., rolling puddled bars 1s, 2d., repairin sndiling 
furnaces 6d., wheeling, tipping. fettling, om work of 
that description, 1s. 4d., and steam-hammer. drivers, 
engine-drivers, and various other minor charges, ls. 
To all these charges one-fourth is to be added to apply 
them to the ‘finished rail, an increase of 4s. per ton on 
the rail: Then come mill-furnacing and ball-furnacing, 
4s. 6d., rolling, 2s. 6d., cutting down,:1s., sawing, 
straightening, and punching, 2s., repairing mill fur- 
naces, 6d.; and then come a long series of. payments 
to men engaged in coal-tipping,, ash-wheeling, sand- 
wheeling, helpers, chargers, loaders, smiths, fitters, 
Jomers, stable-men, eugine-drivers, general labourers, 
weighers, &c., amounting on a good estimate to 
7s. 3d. more, making nearly 1/. 18s. in all for wages 
upon the ton of finished rails. To all this has 
to be added the cost of managemeut, clerks, agents, 
discounts, commissions, risks,- wear and tear, rates, 
water, &c. ‘Tue utmost saving that could be effected 
by the introduction of puddling machinery would not 
great in comparison with the total cost of the 
finished rail; but it would no doubt give greater cer- 
— to the manufacture by lessening the evils of 
pudulers’ strikes. 








CHILLED RAILWAY WHEELS. 


THE postion with Major Palliser’s shot against 
armour has shown what are the qualities of chilled cast 
rou, the chill, in this case, extending quite through 
the casting. It has been demonstrated that it is equal 
iu hardness to hardened steel, and that it requires 
even greater force to break or deform it. It may be 
that the startling results obtained at Shoeburyness will 
serve, 1M some measure, to account for the universal 
use of chilled railway wheels in America, and for 
the leading wheels of engines, and often for the driv- 
ing wheels themselves as well. It has always been the 





belief in this country that these wheels were used because 
they were cheap, and because the Americans could 
afford nothi etter. These wheels, before the war, 
cost about 14d. per pound, or rather less than 14/. per 
ton, and one favourite pattern of 2 ft. 6in. wheel, 
weighing nearly 4 cwt., was sold, —— boring, for 
2/. 10s. each. But so far from their cheapness having 
alone maintained them in use, they were long ago 
adopted, on the Grand Trunk Railway of , be- 
cause they were found, upon the whole, better than 
wrought iron. We have before us a letter, written in 
1859, by the late Mr. A. M. Ross, engineer to the Vic- 
toria Bridge at Montreal, upon this subject, and which 
contains this statement, a statement which we know 
to have been confirmed by the subsequent experience 
of the engineers of the Grand Trunk Railway. 
In the International Exhibition of 1862 were a pair 
of chilled wheels, 2 ft. 9 in. in diameter, which had run 
upwards of 150,000 miles under a heavy post-office 
van on the Grand Trunk Railway, and, although worn, 
they were still in good condition. We need not dwell 
upon the severity of a Canadian winter, nor explain 
how for months together the road bed—and there is 
seldom much ballast—is frozen as hard as rock. This, 
if anything, would be expected to try chilled wheels, 
yet they are regularly employed for the leading wheels 
of passenger engines, and breakages, although not 
absolutely unknown, are at least as infrequent as those 
of the best makes of English railway carriage tyres. 

It requires good iron for chilled wheels. That used 
in America for this branch of manufacture is mostly 
cold-blast charcoal iron, and it has’ to be selected and 
mixed with ‘care, to obtain the proper qualities of 
strength and hardness of chill, The chill should be 
from #in. to $in. deep, and should cover the whole 
tread and the wearing face of the flange. . Chilled 
wheels require especial provision for cooling, after 
being cast, so as to avoid internal strain from contrac- 
tion. The wheels do not come out all of exactly the 
same diameter, but there is no difficulty in mating 
them in pairs, of equal diameter, the greatest variation 
in the diameters of a thousand 2 ft: 9 in. wheels hardly 
exceeding 4in. The machinery employed for boring 
is such that the hole is necessarily in the centre, so 
that no eccentricity is possible. ‘The wheels wear evenly 
and very slowly, until their ‘diameter has been reduced 
by nearly }in. American iron, of choice quality for 
chilled wheels, is now being taken to St. Petersbur, 
for casting there the wheels of all the carriage an 
wagon stock of the St. Petersburg and Moscow Rail- 
way. Heretofore the wheels for that line have been 
imported largely from the States. Our own’ size of 
wheel has never been adopted there, and as the weight 
of disc wheels increases in a higher ratio than that of 
the increase of diameter simply, we presume that a 
3 ft. 6 in. wheel, instead of weighing but 5 cwt. as in 
English practice, would reach 6cwt. We learn that 
iron of the proper quality for chilled wheels is likely 
to be introduced into this country, and that they will 
probably receive a fair trial. 


EXPRESS LOCOMOTIVES. 

A POWERFUL class of express engines has, been, de- 
signed for one of the great metropolitan narrow-gauge 
lines ;—we are not at present at liberty to mention 
which, nor even the name of the desiguer. The dimen- 
sions and details have, however, been so far fixed that 
none will have any difficulty in recognising them from 
our description os Boy they are cumsiied and at work, 
as we believe they will be within a few months. They 
are to have inside cylinders 18 in. in diameter, 2 ft. 
stroke, and four coupled wheels 7 ft. in diameter.. As 
at present designed, the single pair of leading wheels 
are 4 ft. in diameter, and the total wheel base 18 ft. 
6 in., the coupled wheels being 9 ft. apart centres. It 
is not improbable, however, that: a Bissell truck will 

et be substituted for the leading wheels. _ The boiler 
is not so large as would be expected from the dimen- 
sions already given. The firebox, which will have an in- 
clined grate, and a brick arch for nearly half its length, is 
to be 6 ft. 3 in. long inside, and the barrel will be about 
4 ft. 1 in. in diameter. The most remarkable peculiarity 
is afforded, however, by the number and dimensions 
of the tubes. Of these there are to be but eighty- 
six os outside diameter being 23 in., and their 
length between tubeplates 11 ft. 10 in. The firebox 
surface will be less than 100 square feet—94, we 
believe, is the exact measure, while the tubes will 
have but about 770 square feet of external surface. 
We shall indulge in no predictions as to the sufficiency 
of this heating surface, but we may remark that the 
efficacy of tube surface is by no means measurable 
solely by its extent. In common with almost every 
locomotive engineer, we have known engines not only 





to carry their water better, but to make more steam, 
after a number of their tubes had been removed, and 
we have no hesitation in a belief that 
770 square feet of surface in 2% in. tubes, nearly 12 ft. 
long, will be considerably more effective, although not 
perhaps quite as economical in respect of fuel, as the 
same area of 17 in. tubes of the same length. While 
the surface of tubes increases only directly as their 
diameter, their cross sectional area increases as the 
square of their diameter, and thus a slower linear rate 
of draught, and therefore a longer period of exposure 
of the hot gases to the surfaces, is had with the r 
tubes. We once employed iron tubes 3in. in dia- 
meter and 15 ft. 6in. long for goods engines having 
cylinders of the same size as those under notice. The 
number of tubes was ninety-one, and the result under 
hard firing with anthracite coal was every way satis- 
factory. 

The tenders of the new engines are to carry 2600 
gallons, or upwards of 11} tons, of water and 3 tons 
of coal, equal for the water to a run of 80 miles or 
more with a heavy train, while the coal should, of 
course, last for a journey of at least 150 miles. The 
weight of the engine is estimated at about 33 tons, 
and that of the tender, loaded, at 27 tons. 








WATERFALL CONDENSERS. 


Axsout twenty years ago a blowing-engine at Cwm 
Avon was fitted with a condenser in which the water 
of condensation flowed down a pipe into a basin, of 
which the surface was perhaps 30 ft. below the point 
at which the exhaust steam was admitted. The engine 
had a pair of 17 in. steam cylinders and 48 in. blowing 
cylinders, the stroke of the steam and blowing pistons 
being 5 ft., Each end of each steam cylinder had a 
itn MA, to itself, there being four condensers in all. 
These were vessels perhaps 14 in. in diameter and about 
3ft. long, each having a long waste-pipe extendin; 
down to the basin below. The engine-man who worke 
these engines informed us, some time ago, that with 
35 lb. of steam, and with no more than the usual 
quantity of condensing water due to engines of the 
same power, he had no difficulty in oeere @ vacuum 
equal to 13 lb., all the air being carried down by the 
flow of the water. We believe, however, that the plan 
was at last abandoned, and we must conclude from 
this that it did not answer quite so well as was repre- 
sented to us, 

About four years ago, Messrs. Shirt and Briggs, of 
Tamworth, patented a condenser in -which the water 
was let into the condensing chamber in a series of 
divided streams, and-these were allowed to flow down 
a waste pipe, perhaps 30ft. high. The streams of 
water were expected. to carry off the air-by their in- 
ductive action; and we have ascertained that, at a mill 
at Tamworth, they did this*sovefficiently that a vacuum . 
of 11 lb. was obtained on the piston of the engine—a 
small one, working to but five or six horse power. 
We saw this waterfall condenser fitted up at a rolling- 
mill in Birmingham, but we are unable to give any 
particulars of its subsequent working. In the case of 
the engine already referred to, the vacuum gauge 
-showed 12 lb. steadily. The quantity of, condensing 
water was considerable, but it was not measured. On 
leaving open a gin. grease cock in the cylinder cover, 
the vacuum was impaired, to the extent of 61b. or 
7 lb.,’ after about five minutes; but, on closing it, the 
original vacuum was restored in three or four minutes. 
This invention was subsequently applied to a small 
double-cylinder engine in London, but without success. 
Even when running the engine light, and with a lar 
quantity of conuensing water, no vacuum could be 
maintained for many minutes together. We under- 
stand that the apparatus was quite air-tight, and those 
engaged in the experiment were altogether unable to 
— any reason why the arrangement, which had 
worked very well in one situation, should wholly fail in 
another. 








RAILWAY BRIDGE UNDER THE PLACE 
DE L'EUROPE, PARIS. 

Tue remarkable work now in progress at the Place 
de l'Europe is well worthy the attention of English 
engineers, rather on account of its magnitude, posi- 
tion, and peculiar form than by reason of any special 
engineering difficulties involved in the design or 
execution of the works. Through the kindness of 
M. Clerc, the engineer to the company of the Chemin 
de Fer de l’Ouest, we have been favoured with com- 
plete plans and the calculations of the strains of this 
bridge. As we propose in this notice to confine our 
attention to the ironwork of the bridge, we shall defer, 





for the present, a more general description of the 
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works, and merely give sufficient data for our present 
purpose. 

An inspection of the plan (Fig, 1) will show that 
from the Place de l’Europe, some 170 ft. square, six 
roads, each 50 ft. wide, diverge phic sem wy under 
which complication of thoroughfares the Chemin de 
Fer de Quest passes through three openings, two of 
which are square, with spans of 98 ft. 6in. and 82 ft. 
respectively, and the remaining one skew, with a clear 
opening of 98 ft. Gin. anda span of 102ft. As the 
abutments are not parallel to one another, to keep the 


5 
‘> 
cote vfs wv 


BATIGNOLLES 





COTE DELA 
CARE 











girders down to the minimum required span, a wedge- 
shaped intermediate pier has been troduced. The space 
covered in by the girders measures about 330 ft. in 
mean length, and the width, which at the centre—the 
narrowest part of the bridge—is 170 ft., increases to a 
maximum of 460 ft. at one of the abutments. The 
whole of the girders, with the exception of a few at 
the angle formed by the Rue de Vienne, are of lattice 
construction. The face girders, six in number, are 
16 ft. Gin. deep in all cases, the shortest span being 
82 ft., and the longest a continuous girder over two 
openings of 190 ft. and 72 ft. span respectively. Where 
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possible, the intermediate girders are made continuous, 
with a meay length over all of 330 ft. and a depth of 


7 ft. The angles formed by the four corner streets are 
filled in with independent girders of various spans up to 
102 ft., the depth generally being 7 ft. At the Rue de 
Vienne, however, the inclination of the road _necessi- 
tates the adoption of girders with uniformly diminish- 
ing depth, and, to avoid difficulties in construction, 
plate webs are substituted for the usual lattice ones. 
The main girders are spaced about 16 ft. 6in. from 
centre to centre, and the platform is formed of hollow 
brick arches, with concrete backing, springing from 
the bottom flanges of the cross girders, which are about 
2 ft. deep and 6 ft. 6 in. apart. Provision is made for 
planting shrubs at the innermost side of the footpaths, 
in a manner somewhat similar to that adopted by Mr. 
Fowler in the construction of the bridges for the line 
leading to the Victoria station. The whole of the 
rirders may, for our purpose, be conveniently divided 
into five different types:—1, the independent girders 
at the angle of the Rue de Lon«'res ; 2, the box girder 
at the Rue de Vienne; 3, the continuous face skew 
girder at the Rue de Londres; 4, the intermediate 
continuous girders; and 5, the cross girders of the 
various spans. We shall consider each of these types 
consecutively, chiefly with reference to the strength 
given to the several parts and the method adopted in 
determining the necessary amounts. 

We may here premise that we have not considered 
it necessary to reduce the French measures to their 
English equivalents in instances where the process of 
calculation only is sought to be exhibited. 





In all cases, the calculations are based on a working 


resistance, under the most unfavourable circumstances, 
of 6 kil. per mil. square. 

The total weight of the platform of the bridge is 
1500 kil. per square metre (23 cwt. per square foot), 
made up as follows: hollow brick arches, 242 kil. ; 
concrete backing, 180; asphalte, 30; metalling, 594; 
cross girder, 54; and rolling load, 400. 

(1.) The independent skew girders at the angle of the 
Rue de Londres. —Span, 31.07 metres (102 ft.). Depth 
2.11 metres. (7 ft.) 

These girders will be considered as loaded with a 
weight, p, uniformly distributed; p=5.562 m.X 
1500 k.=8340 k.+weight of the girder per metre run 
(1750 kil.) =10,090 kil. (60 ewt. per ft.). The bending 
moments are given by the general formula p=} p 2?— 

On vt 
Ble; by substitution, »=} ya 
All these moments may be represented by a parabolic 
curve (Diagram @) having for its abscisse the value 
of x, and for its ordinates the corresponding value of 
pw; the vertex of the parabola is at the centre of the 
span, and has, consequently, for its abscissa ral 
=15.535, and its ordinate will represent the maximum 
bending moment given by the formula p =ff 


_ 10090 x 31.07? 


=1917540. The value of the maxi- 


mum bending moment is the only thing necessary in 
order to construct the parabola; for we have already 
three conditions : the vertical axis, and we know that 
the moment at the supports is nil; it only remains, 
therefore, to set off a eight representing the maxi- 
mum moment to a convenient scale, and to describe a 
parabola by any of the usual methods through that 
point, and we obtain all that is necessary to determine 
the strain at any point of the girder. 

Sections of the Girder—The different sections of any 
girder of a bridge will be thus composed : Ist, of an 
uniform section throughout the whole girder, named 
the central section; 2nd, of one or more thicknesses 
of plates where additional strength is required. The 
central section of the girder we are considering has for 
the moment of inertia of its trough-formed flange (the 
total depth being 2.111 m., the distance between the 
edges of top and bottom troughs being 1.18, and the 


width 0.9) the following value: I=y; 40.92.1115 
—(0.476 x 2.08-+- 0.0344 x 2.052% + 0.056 x 1.88% + 
0.024 X 1.18%) ¢ =, x 0.799262330748. The maxi- 


mum value of the resistance, R, per square metre being : 
R=6,000,000, the moment of resistance of the central 

un Wh bh RI __ 6,000,000 x 0.799262330748 
= ea 12 1.0555 


v 
=378,618. Setting off this height on the diagram to 
the scale adopted for the moment, and drawing a line 
at that distance parallel to the base, we obtain a 
won representing the moment of resistance of the 
central section throughout the whole length of the 
girder. As the parabola extends beyond this rectangle, 
we know that the section is too weak, and that it must 
be strengthened by additional thicknesses of plates. 
Adopting a thickness of .0155 m. (§in.) for the plates, 
we find the additional moment of inertia due to that in- 
crease of thickness to the top and bottom flanges, and 
set off the amount on the diagram to the same scale as 
before, extending the line right and left till the extreme 
points of the parabola, not included in the previous 
rectangle, lie within this new one. Proceeding in this 
manner with successive plates, we find that five plates 
will be required at the centre, and that the total 
moment of inertia will then be I=,}, (0.799262330748 

+2.0052571185), and the moment of resistance, M, 
RI 6000000 x 2.804519449248 
will b: M = — = 


ay OS Pee 
1237651. The strain per millimetre square will there- 
mn , 1917540x6 | a geen 
fore be: R= x6 kil. = 937651 -=5.9 kil. (75 
ewts. per square inch). 
Lattice Bars —The shearing strain at each end of 
" ‘ 7m. X 10090k eS 
the girder will be She. x = 186,348 k. The 
number of bars supporting this load is four, and the 
length of a bar being 2.554, whilst the vertical is 1.880, 
2.554 
, Ta * 1.36 
times the vertical load. The strain on each bar there- 
156748 x 1.36 
1, 4m 53,294k. Each tension 


bar at this point is formed of two plates 250m. x 20m., 
giving acombined section of 10,000 square millimetres. 


the strain transmitted through it will be 


fore will be 





The strain per millimetre square will therefore be 5.33k. 
All the compression. bars are calculated in the same 
manner; but.the limiting, strain is taken at 5 kil., so 
that the areas are jth greater than the corresponding 
ones in tension. 

As it is more than probable that. the preceding cal- 
culations will be considered by many as unnecessarily 
laborious, considering the simplicity of the problem, 
and as it is certain that in nine cases out-of ten-a much 
shorter method is adopted by our engineers, it will be 
desirable to consider whether the additional labour of 
the former process is compensated for by greater ac- 
curacy in the results. In the first place, as the lattice 
bars would have been arranged so that their centre 
lines might intersect at the approximate centre of 
gravity of the trough-shaped flange, the whole area of 
each of the cross sections might be assumed as con- 
centrated at those points of intersection; and, conse- 
quently, the effective depth would be the vertical dis- 
tance between two such intersections, the strain might 
be considered uniform, and there would therefore be 
no necessity to calculate the moment of inertia of the 
cross section. The hypothesis made in this method— 
uniformity of pressure—is, we believe, more likely to 
be attained in practice than the corresponding assump- 
tion, made in calculations, based on the moment of 
inertia of the section. Thus, inthe girder we are con- 
sidering, the flange is formed of five plates; and, since 
the whole of the strain on the outermost plate has to 
be communicated to it through rivets about 4 in. long, 
we think that if there be any difference in the work 
done by the different plates, the amount, in this in- 
stance, will be rather less than in that of any of the 
other plates in more direct communication with the 
web. Again, having determined the required number 
of plates in the centre, and laid them out in the form 
of a diagram, having previously reduced the angle-iron 
&c. to the equivalent thickness of plate, we should de- 
termine the points at which the successive plates might 
stop by drawing in the segment of a circle, instead of 
calculating and plotting a parabolic curve. If the 
relation of height to length of the segment be not 
greater than 1 to 8—a sufficiently exaggerated vertical 
scale for any diagram of plates—the segment will differ 
but a little on the score of additional strength from the 
parabola, certainly not sufficiently to represent the 
margin we consider necessary to be allowed beyond that 
indicated by theory. A careful consideration of the 
results arrived at by direct experiment will not fail to 
show the fallacy of applying theoretical deductions too 
a to practice. We have seen a girder designed 
for a distributed load, with plates lapping to the extent 
required theoretically, broken with a strain applied at 
the centre—not through the centre, but a few rivets 
back from the end of the outermost plate, which was 
left intact, the rivets having sheared. 

(2.) The Box Girders at the Rue de Vienne—Span, 
29.631 m. Depth, 2.11 m. In consequence of the 
inclination of the road at this corner, the girders taper 
in depth. The load per square metre is the same as 
before, 1500 kil., and the load per metre run on the 
girder = 8083 k + weight of girder (1750 k) =9833 k. 
Bending moment at the centre == —— 
= 1079094; and the moment of inertia, caleulated in the 
same manner as Mm the previous girder, is I= 


0.1636325. Since — = 1079094, we have R= 


5875000. The maximum strain, therefore, is 5.875 kil. 
per square mil. As the depth varies, the moment of 
| B 
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resistance of a given plate will not be the same at 
every portion of its length; the effect of this condition 
is illustrated in Diagram 8. 
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Strain on the Web.—Shearing strain at each end= 
half the total load = 145,682 kil. The least depth of 
the girder being 1.211 m., and the web-plates eing 
15 mil. (7% in.) thick, the area to resist shearing 
be 36,330 square mils.; and the strain 4 kilos. per 
square mil. (51 ewts. per square inch). The compres- 
sive force acting on the portion of web resting on the 
bed plate will be equal to the shearmg strain + the 
additional weight resting on that portion, = 145,682 
+ 9833=155,515 kil. The horizontal section of the 
web plates at this point being 1m. x .03 = 30,000 
square mil., the strain will be 5.183 kil. per square mil. 
The webs are therefore strengthened by the addition 
of four T irons to avoid this excessive pressure. 

(3.) The continuous face skew Girder at the Rue de Lon- 
dres.—Spans, 58.478 m. and 22.143m. Depth, 5m. 
Two hypotheses are made with respect to the position 
of the load on this girder. 

In the first, the large span alone is 7s pare to be 
loaded; and in the second, the rolling load is taken as 
uniform. 





ing from the end of the long span, and p the weight 

er metre run of the girder itself: v=} pL?+P, 
(L—5.44)+P, (L—5.44—8)+P3 (L—5.44—2x8) 
+P, (L—5.44—3X8)+P; (L—5.44—4x8)+Pe 
(L—5.44—5 x 8)+P, (L—5.44—68)—RL, since 
L=58.5 m., p=3000 kil., and 4~=3,093,008, we have 
by substitution R=203,977 kil. 

The value of R being known, the bending moment 
at any portion of the girder is easily determined; the 
maximum occurs near the centre of the span, where it 
is equal to 3,552,493. 

Second Hypothesis—Assuming now the rolling load to 
be distributed over the whole of the bridge: as the bed- 
plate just touches the end of the small girder under the 
previous conditions of loading, in the present instance 
there will be a reaction at the pier. The influence of this 
condition on the value of the moments found for the large 
span will be practically nil; it is only necessary, there- 
fore, to ascertain the increase at the pier, in order to 
obtain the maximum moment at that point. To arrive 
at this result simply, the small span under the action 





First Hypothesis —The object to be attained is an 
increase of the normal bending moment at the pier ; as 
by this means a reduction will be effected at all other 
points of the large span, and a more uniform distribu- 
tion of metal be obtained throughout the whole girder. 
To effect this the end of the short girder is loaded with 
a weight of 50,000 kil. (49 tons); and, in addition, the 
intermediate girders are made continuous over the pier, 
so as to bear on the short span and counteract to some 
extent its tendency to rise. Since the reaction of the 
pier at the end of the short girder is zero, the deter- 
mination of the bending moment at the pier is a simple 


Fig. 6. Fig. 9. 





sl 











I— 





S 


YY 
WY) 
WX 
| GG pA. 9) } 


Yy 











! AM G N 






































case ot leverage. The weight per square metre bein 
1500 kil., and the weight es soe. run of the het 
girder 2500 kil., the moment at the pier will be 
3,093,008. In order to determine the value of the bend- 
img moments at different parts of the long span, it is 
necessary to know the reaction of the piers. Now, the 
value of the bending moment at the pier eing known, the 
value of the reaction, R, at the pes of the long span will 
be given as a function of this quantity by the following 
equation, in which 1 represents the span, v the mo- 
ant at the pier, P,, P., &e., the load communicated 
y the first, second, &c., intermediate girders, number- 





of the’rolling load is assumed to be fixed at one end, 
and resting free on the pier at the other. The increase 
of weight communicated by the second and third cross- 
girder, from the end of the small span, being 7984 kil. 
and 3258 kil. respectively, the reaction at the free end (Z 
and /! being the distance of the points of application of 


2 

these loads from the fixed end) will be een 
2 

x 3L—) ae (3L—2). Since L=22.143, 


J=14.084, and /'=6.084; by substitution, R'=4.145. 

The increase of moment at the pier will therefore be 
7984 k. x 14.084 m. +4.145 k. x 6.084 m. —R.L.= 
40,485 ; and the maximum possible at that point will 
be 3,093,000-+-40,485—3, 133,493. 

The moment of inertia of the central section 
of this girder is .863508; which is increased, by 
the addition of three plates at the centre of the 


span, to 1.608. And, dane =3,552,493, we have 


0 
R=5,622,000 or 5.62 kil. per square mil. at the 
point of greatest strain in the large span under the 
most unfavourable circumstances. The section of the 
short girder, over the pier, is composed of a smaller 
central section, strengthened by the addition of three 
plates. The moment of inertia being 1.339322, the 
maximum strain, by the method previously exhibited, 
is ascertained to be 5.96 kil. per square mil. section 
of flange over pier when the rolling load is uniform. 
The moment of inertia of the large span at the 
pier is 1.390192. As this is greater than that of the 
small girder at the same point, the strain will be less ; 
but it was not found convenient to reduce the thikeness 
of plates in consequence. 

Lattice Bars.—The strength of the bars is determined 
in the same manner as in the previous instance ; the 
strain varying from 5.63 to 6 kil. per square mil. 
tension; and in all cases five-sixths that amount on 
the corresponding compression members. The strain 
on the horizontal portion of the web resting on the pier 
is 2.55 kil. per mil. 

Although the calculations for this girder occupy 
some dozen pages in the original, we do not find any 
evidence that the effect of the rolling load on the 
lattice bars near the centre of the bridge has been 
considered. Whether the verticals are strengthened, 
or counterstruts inserted at that point, does not 
appear in the analysis of the strains. Again, since the 
system of rivetting is not included in the calculations, 
we are not informed of the actual amount of strain 

er unit of area in tension. In all instances the 
imiting strains, and the computed strains, are based 
upon the gross sectional area; and whether one or a 
dozen holes are cut out of that section does not 
appear. Other indispensable calculations, such as the 
required lap for the plates, lengths for the covers, 
number of rivets for the lattice-bar junctions, and the 
strain borne by the rivets generally, are also wanting. 





The most noticeable feature in the construction of 
this girder is the balance weight applied at the end of 
the short span, in such a manner as to produce an 
initial tension.on the top, and compression on the 
bottom flanges of the girder throughout its entire 
length; by which means some 15 or 20 tons of wrought 
iron in the girder itself is economised, by the substitu- 
tion of about three times that weight im ballast iron. 
Why 50 tons of brickwork would not have answered the 
same purpose as an equal weight of iron we do not 
clearly see; and any required weight of the former 
material might have been obtained by bolting the end 
of the girder to the pier. 

The method we should adopt under similar circum- 
stances would be, first of all, to select the most favour- 
able position possible for the point of contrary flexure 
in the long span, and base our calculations on that 
hypothesis. ‘Then, in order that the conditions 
assumed may be actually obtained, we should, in 
erecting the bridge—having previously secured the 
end of the short girder by hold-down bolts—leave the 
covers of one flange at the assumed point of contrary 
flexure unrivetted, till the completion of such portion 
of the roadway as might bear on the girder. In this 
instance, as the point of contrary flexure would have 
been shifted from its normal position towards the 
centre of the large span, the covers of the bottom 
flange would require to be free. By this system the 
greatest amount of economy practicable in such a 
girder would be attained. 


(To be continued.) 
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A Record of the Progress of Modern Engineering, 1865, 
comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, with 
Essays and Reviews. Edited by Witt1am Humper, 
Assoc. Inst. C.E., Mem. Inst. Mechanical Engineers. 

Lockwood and Co, 

Mr. Humper’s works—especially his annual: “ Re- 
cord,” with which so many of our readers are now 
familiar—fill a void occupied by no other branch of 
professional literature. Although it would be easy to 
find fault with any one volume of these “ Records,” 
because it does not happen to be so original as 
some other annuals upon engineering matters, because 
it does not contain so much, and certainly not nearly 
so varied, information as that embodied in other 
periodicals, and because it is not, perhaps, quite so 
interesting in its matter and treatment, yet such 
fault-finding would be hasty and wholly unjust. Mr. 
Humber’s work is to be judged eutirely by itself, and 
is not to be reckoned a competitor either with journals 
like our own, or with tinal and exhaustive treatises 
upon specific subjects. The annual “ Record” now 
before us is devoted almost wholly to the Metropolitan 
Drainage and to the Thames Embankment, and con- 
tains nearly forty carefully lithographed plates of plans 
and details of these great works. Those who do not 
know the work need only be told that it is not one 
from which to “read up” the engineering of a year, 
but that it contains specific information upon specific 
suhjects, which gives it great value to many, both for 
study and for reference, so far as these special sub- 
jects are concerned. This information is contained 
mainly in the plates, the text being somewhat scanty, 
not only in extent, but in substance. The drawings, 
however, have a constantly increasing value, and 
whoever desires to possess clear representations of the 
two great works Carried out by our Metropolitan 
Board—our municipal Parliament in so many matters 
of local improvement—will obtain Mr. Humber’s last 
volume. ‘To nearly every town and borough surveyor 
in the kingdom, to engineers of drainage and embank- 
ment works, and to nearly every class of architects not 
affecting medievalism and high art, as well as to 
gentlemen interested con amore in all great works of 
town improvement, we can most cordially recommend 
Mr. Humber’s handsome volume, and to our recom- 
mendation we may perhaps add the opinion that sooner 
or later the work will be found a necessity. 














EXPLOSION oF A “SMOKE BurNER.”—An extraordinary ex- 
— took place on Saturday last, on an engine on the 
wuncashire and Yorkshire Railway. It had been fitted with a 
newly patented “smoke burner,” and two representatives of the 
patentee went out with the engine to observe its working. The 
gas from the coal was detained in the firebox by means of a 
large baffle-plate, and becoming at last mixed in an explosive 
proportion with air in the ag part of the firebox, a violent 
gas —— took place. The two persons referred to were 
lown from the engine, and one of them is not expected to re- 
cover, while the fireman was so injured that he died in the after- 
noon, The accident took place near Womersley station, about 
ten miles from Doncaster. 
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RAILWAY BRIDGE, PLACE DE L’EUROPE, PARIS. 
CONSTRUCTED FROM THE DESIGNS OF M. CLERC, ENGINEER TO THE COMPANY OF THE CHEMIN DE FER DE L’OUEST. 
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THE MULTIFARIOUS PUNCHING MACHINE. 
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Amoncst the many machines for which we are indebted to 
the inventive genius of the late Mr. Richard Roberts is the mul- 
tifarious punching machine of which we now give illustrations. 
When the tubular bridge over the Conway was in course of con- 
struction, it was found by the contractor, Mr. Evans, that it 
would be impossible to complete the work within the appointed 
time unless he could obtain machinery by which the bridge 
plates could be perforated both more rapidly and more accurately 
than by the punching machines then in use, and under these cir- 
cumstances he appealed to Mr. Roberts to design and construct 
a machine which would help him out of his dilemma. On the 
evening of the day on which he was thus applied to, the idea of 
adapting the “ jacquard” motion to a punching: machine sug- 
gested itself to Mr. Roberts, and the result was the construction of 
the machine which we are about to describe. The machine in 
question was constructed by Messrs. Roberts, Fothergill, and 
Robinson, at the Globe Works, Manchester, and it was found to 
answer its — admirably, the plates for the Conway bridge 
being punched by it with a rapidity quite unattainable by 
ordinary machines, and, what was even more important, with 

rfect accuracy. This machine is now at the Canada Works, 

irkenhead, and all the plates for the Victoria bridge, at 
Montreal, were punched by it, as well as those for the Penrith 
bridge, which we described on page 75 of the first volume of 
ENGINEERING, and other important works. Recently another 
of these machines has been constructed, and set to work at the 
works of the London Engineering and Shipbuilding Company 
(Limited), at Millwall, and it is this last mentioned machine, in 
the construction of which several improvements have been 
effected, which has led to the present notice. 

In the illustrations which we give on the present page, and on 
pees 295 and 298, Fig. 1 is a vertical section of the machine; 

‘ig. 2 is a front elevation; Fig. 3, a detached view of. the tra- 
verse apparatus; Fig, 4, a detached view of the holding-down 
or stripping es and Fig. 5, a plan of a few of the jac- 

ward plates. In these engravings A, A, are the standards and 

, the bed, this having an opening through which the punchings, 
or metal punched out of the plate, can fall. C is a stretcher 
bar, to connect the top of the standards, and D the fulcrum 
bar of the levers, g, g, which withdraw the punches, and of the 
lever, w, which traverses the plate; E, is a fulcrum shaft, 
to which the levers, 7, 7, and &, &, are keyed; F, the main 
or eccentric shaft, working in bushes in the standards; 
G, a spur wheel, keyed on the eccentric shaft, and H, a pinion, 
earking into the wheel, G. On the fly-wheel shaft, I, are the 
fast and loose pulleys, K and L, the pinion, H, and the fly- 
wheel, J. M, M, are connecting rods, fitted to the eccentric 
necks of the shaft, F; N, N, being the caps of these rods; O, O, 

ide plates for the punch rams, p, p, and Q, the cam shaft. 

‘18 a spur wheel, loose on the cam shaft, and having on one 
: Side two projections, between which there is an opening; and 
, Rx is a locking disc or plate, keyed on the shaft, Q, having upon 
it a spring catch, 38, which takes into the opening between the 
Projections on the wheel, R. Rx is also shown detached, and 
the dotted lines on it represent a weight to counterbalance 
the levers, k. Sis a toothed wheel, keyed on the main shaft, 
F; and Tf is the punch ram depressor, secured to the con- 
wecting-rods, M, M, by knuckle joints at the lower end of 
the rods; and U is a slide bar, on which the frame, carrying 
the ‘plate to be punched, traverses. V, V, are two short 
slide bars, to carry one side of the transverse frame; W, a 
block of iron, fastened to the bed, B, with short wedges, so as to 
carry the die-plate, X, into which the dies, d, are inserted, and 
Prevented from rising by a collar at the lower end of each, 
88 seen as in Fig. 4. Y is a square shaft, carrying the 
holdiug-down levers or stripping fingers, 0, 0; Z, ZL are 
levers on each end of the shaft, Y; a, a, the punches let 
into the punch holders, 6, 6, bolted to the rams, P; ¢, ¢, 
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eo bolted to the bed, B, to carry the adjusting slide bars, 
» V; d, dies inserted into the holder, X; and e, e (see Fig, 1 
are the selecting slide bars, which, when allowed to pass throug 
the card be enter the card roller, i: without being pushed 
backward by them. The card roller has in this case six sides, 
and the belt of jacquard plates, after passing over it in the usual 
manner, passes over a round roller suspended in a swing frame 
at such an angle as to keep the belt moderately tight, whilst 
‘the roller, f, advances towards and recedes from the selectors, e. 
Brackets, g, g, project from the depressor, T, and are carried up 
and down with it; and A, h, are sliding blocks, in which the 
journals of the card roller turn. To an upright cast on each of 
these blocks is fitted a rod of round iron, with a flat foot, long 
enough to extend over two of the six pins in the ends of the 
card roller; against these pins the flat feet of the rods are made 
to press, by spiral springs coiled around the rods, in the manner 
— adopted in the Yr loom. In Fig. 1 are shown two 
sets of guide blocks, #, ¢, for the selectors, e, these guide blocks 
being situated one on each side of the depresser, and being ad- 
justable laterally by set screws on flat bars extending across the 
machine. The use of these blocks is to carry the selecting 
bars, e, which are round at the end that enters the cards, and flat 
at theotherend. The centre portion of each selecting bar is a 
solid piece of iron, projecting as much below the round stem as 
will, when the selecting bar is driven backwards by a card plate, 
permit the depresser, T, to complete its docu stroke, with- 
out the selecting bar touching the ram, P, it. J, J, are 
levers, keyed on the shaft, E, and connecting at their lower.end 
by links to the slide blocks, 4, 4; and &, k, are levers, also keyed 
on the shaft, E, and having each a friction roller at its lower ex- 
tremity. On the shaft, Q, are two cams, one of which works a 
lever, &, on one side of the shaft, and the other cam works the 
other lever, k, on the opposite side, One of the cams, through 
the medium of the levers, j, 7, and the links before referred to, 
causes the roller, /, to —- the selecting bars, e, and the 
other cam causes the roller to recede from them, until, by a 
catch employed as in the “jacquard” looms, the roller, f, is 
made to turn through one-sixth of a revolution, and is then 
retained in that position by the ure of the spiral sprin, 
and flat feet, above referred to. Brackets, /, /, are attached to the 
depresser, T, at the back of the machine, and a bar, m, rests on 
these brackets, and is connected — with the sliding blocks, 
h, h, which on receding cause the bar, m, to bring all the select- 
ing bars, e, into the position for depressing the rams, as seen in 
Fig. 1. n,m, are levers, having their fulcra on studs screwed 
into the standards. One end of these levers is connected by a 
rod, p, with the levers, Z, Z, and the other end of each is furnished 
with a roller, which is acted upon by a cam, on the shaft, Q. 
0, 0, are the holding-down levers, adjustable laterally on the 
shaft, Y, so as to admit of one of them being since. on each 
side of every punch; and p, p, are rods connecting the levers, n, 
and Z. By adjusting the length of these rods the levers, 0, 9, 
are made to press upon plates of different thicknesses, so as to 
hold the plates down while the punches are being withdrawn. 
Levers, g, g, turning on the fulcrum bar, D, withdraw the 
po these levers being movéd by the cams, r, r; 8 is a 
_— but + thin bar, —< i Mage the series of 
punch rams, P, shown in Fig. 1. e ch rams, P, are 
made with slots, through which the ops and these 
slots are made about 2 in. longer than the width of the bar, s, 
in order to allow the punch rams to be forced down when the 
bar is at the bottom of its stroke. 4, ¢, are links, connecting 
the bar,’s, with the levers, g, g; and #, u, are cams, which de- 
press the holding-down levers, 0, o, through the medium of the 
levers, n,m, rods, p, p, and levers, Z, Z, and hold down the 
plate while the punches are being withdrawn. vis a cam for 
the traversing 5; w, a lever, turning on the fulcrum bar, 
D, and worked by cam, ; 2, the cam lifting the rack, 5; 
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and y, a lever (turning on a stud’in the standard, and worked 
by the cam, «) for lifting the traversing rack, 5. 

Z is a rod connecting the lever, y, with the lever, 8, as is seen 
best in Fig. 8, and 11s a lever on the traverse shaft, 2; 3, 
another lever on the shaft, 2; 4, a link connecting the lever, 
3, with the rack, 5; 6, a rod connecting the lever, w, with 
the lever, 1, for traversing the rack, 5; 7, a shaft for 

ing the levers, 8, 9, and 10; 11, a link connecting the 
levers, 10 and 12; 13, a shaft carrying the levers, 12 and 14; 
15 and 16 are links connecting the 5, with the levers, 9 
and 14; 27, the u or retaining rack; 18, a stud carryin 
the elbow lever, 19, which is vided with a handle; an 
another stud carries another elbow lever which is connected 
by a link, 22, with the lever, 19. The rack, 27, is carried on 
studs in the horizontal arms of the levers, 19 and 21, and the 
division studs in the bar of the traversing frame are marked 23. 
The plate to be punched is put into a a frame, 
formed of two side bars, 24 and 25, and two stretcher bars, 
secured by cotters to the side bars, which are rabbeted to 
support the plate, and, when ired, furnished with clamps to 
hole the latter down. One of the sides of the traversing frame, 
in which there is a Geers to fit on the slide bar, U, is repre- 
sented by 24. Into outer side of the bar, 24, is screwed 
a series of studs, 28,- represented’ in “the engravings as 
being 12 in. ar from each other, from ‘centre to centre; 
and the side of the transversing frame slides. on the bars, 
VV. When the plates to be punched are very long, rollers 
are used to carry the projecting ends of the traversing 
frame. The racks, 5 and 27, see Fig. 3, are drawn with three 
teeth in the le of a foot, which will divide plates to a 4 in. 
pitch ; but it will be obvious that for a different pitch the racks 
may be changed, and in some cases, such as when the pitch re- 
quired is not an aliquot part of a foot, it ~~ necessary to 
alter the distance between the studs, 23, also. Fig, 3 represents 
the traverse apparatus in the position it will be in when the re- 
taining rack is down, and the punches in the act of passing 
through the plate, the traversing rack having completed its 
return stroke. When the punches are being raised the travers- 
ing rack will rise also, and by the side piece, 26, which is 
attached to it, acting against a roller on a stud in the rack, 
27, will raise the latter also, and set the frame at liberty to be 
advanced by the cam, x, through the mechanical means already 
described. In Fig. 1 this traverse aj us is shown in the 
position it assumes when the plate is advancing. The — 
spring, 28, acts on the elbow lever, and forces the rack, 27, down 
on to the pins, 23. For every hole required to be punched in 
line with the width of the plate under operation, a corresponding 
hole must be made in a plate of the “Jacq "and an addi- 
tional hole, marked 30 (see Fig. 5), is also made, into which the 
stopping bar, 31, enters at every stroke until the punching is 
completed, at which time the “ j ” plate, 82, which is left 
b will push all the sel sia Yom, 6 Septet tas come, F, 
and at the same time, by pushing the bar, 31, disengage the cam 
shaft, Q, by the m ism to be hereafter explained, at the 
point where the punches and the levers, 0, are held up, and 


thus will allow the perforated plate to be bout of the ma- 
chine and another plate to be put into it. 
The stopping bar, 31, is provided with a projection on its 


lower surface, which depresses the click lever, 39, when the bar 
is pushed back. A lever, 83, is keyed on a shaft, 84, movin 

in bearings at the back of the depresser, and on the other en 

of the shaft, 84, is keyed the lever, 35, to the upper end of which 
is attached the link, 36, connecting it with an elbow lever. 
The end of the other arm of this lever is inclined for the pur- 
pose of unlocking the plate, Rx, which is provided with a stud, 
on which is a latch, 38, having a tail which comes in contact 
with the incline on the elbow lever; in a certain: position, and as 
the wheel, RB, revolves the latch becomes disengaged from the 
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opening between the two projections cast on the said wheel, at 
which time the cam-shaft, Q, ceases to revolve. When the 
stopping-bar, 31, has been pushed back, it depresses the lever, 
89, and liberates the lever, 33, from behind the projection on 
the lever, 39, when the spring, 40, will shift the elbow lever. 
To the blocks, 4, a small shaft is attached, on which are 
two levers, suspending by links a plate of metal, similar to a 
blank card plate, except that the holes for the guide pins are 
cut at the bottom edge; and at each end of the same shaft is a 
lever handle, held up or down by a side spring in the ordinary 
way. ‘The use of this apparatus is as follows:—Should it be 
required to stop the machine before the plate is finished, by 
raising the lever here referred to the blank plate will come in 
front of the roller, and will act the part of a blank jacquard 
plate and stop the machine. 

Having now described the principal parts of this machine, we 
shall proceed to explain the manner in which it is worked. The 
plate to be punched, having been placed in the traversing frame 
on the slides, U and V, is then pushed forward; and in its pro- 
gress, the first pin of the series, 23, passes under the inclined 
end of the rack, 27, until the first notch in the rack falls upon 
the pin. The driving strap being now on the fast pulley, K, the 
machine is set to work by pulling down the handle, 42, 
keyed on the shaft, 34, until the lever, 83, is latched by 
the click lever, 39; the elbow lever, 37, then has its hori- 
zontal arm depressed by a spiral spring, and the latch, 38, 
being now liberated, will, by the action of the spring, 41 
(see Fig. 1), drop into the notch in the wheel, R, the 
first time it comes round. The cam-shaft, Q, will then revolve 
at the same speed as the shaft, F, and the “ jacquard” roller, /, 
will be drawn back and made to perform one-sixth of a revolu- 
tion on its centres, after which it will be advanced, and the first 
card of the series will remove those selecting-bars for which 
there are no holes in the “ jacquard” plate; the other selecting- 
bars will remain over their respective rams, p, which will then 
force down the punches through the plate by the descent of the 
depresser, T. A little before the punches have gone through 
the plate under operation, the levers, 0, are made to press upon 
it, and are held there while the punches are being withdrawn by 
the bar, s, which rises simultaneously with the depresser, T. 
during one-half of its ascent. Whilst the depresser is continu- 
ing its ascent and descent through the other half cf the stroke, 
the roller, f, recedes and draws with it the bar, m, which brings 
all the selectors again over the punch rams, p. The roller, f, 
while receding, having performed another sixth of a revolution, 
will, on advancing, bring another of the “ jacquard” plates 
against the selectors, and the operation will be repeated until all 
the holes are punched in the plate under operation. 

In the machine at the works of the London Engineering and 
Iron Shipbuilding yy a contrivance is added by means of 
which the plate which is being punched is raised due of the 
dies whilst it is being shifted forward. The new machine was 
constructed under the superintendence of Mr. Keetley, who was 
with Mr, Roberts when the first machine was made. It is 
worked at the rate of 10 strokes per minute, and turns out ex- 
cellent work, all the plates punched with one set of “ jacquards” 
being exactly alike, and all the holes coming perfectly fair with 
each other when a pair of plates are laid ro 








THE ATLANTIC TELEGRAPH. 

Wuen will there be a cessation to the wonders 
presented by the two tiny threads that unite the two 
Loutestunes ? ‘The submersion of the cable of 1857-8, 
with our then infantile experience of deep-sea cable 
laying, was a wonder, while the successful though 
brief communication that was maintained between 
shore and shore was, considering the wretched electri- 
cal condition of the conductor, a greater wonder still. 
It is now well known that the rope, before ever it left 
the manufacturer’s hands, was totally unfit for submer- 
sion in the great ocean, and it seems providentially to 
have been allowed a fitful existence to light us on our 
way by the experience it taught, and to buoy up our 
hopes by the ltimate prospect it gave of uninterrupted 
and instantaneous communication between the utter- 
most parts of the earth. The progress made between 
1858 and 1866 in our hacuteline of the laws of elec- 
tric force, the spurt given by the timely help of the 
Board of Trade to our acquaintance with everything 
appertaining to submarine telegraphy, the improve- 
ments in gutta-percha and other insulating compounds, 
the perfection obtained in the mechanical construction 
of electrical and telegraphic apparatus, the buoyancy 
and extent of telegraphic business generally, were all 
wonderful. The near success of the cable of 1865, 
and the complete success of that of 1866, together 
with the astounding recovery and repair of the pre- 
viously lost rope, made wonder almost cease ; but even 
these wonders tov been eclipsed by the subsequent be- 
haviour of this veritable “ wonder-workmg wire.” 

First of all must be noticed its extraordinary insu- 
lating power. In estimating linea: distance, we adopt 
the British unit—a foot—and its multiples, a yard, a 
mile, &c. And we find it convenient and comprehen- 
sible, even to the measurement of the distance of the 
sun; but when we extend our view beyond the sun 
and its attendants, to the fixed stars, we are compelled 
to introduce a fresh element, light, and the time of its 
velocity. Thus, “Sirius ” would require lines of figures 
which could not be counted by our arithmetic, to ex- 
press its distance in miles ; but when we say that light 
would take eight and a half years to travel from thence 
to the earth, we convey some notion of its distance. 
So in measuring the insulating power of submarine 





cables and other telegraphic circuits, we have hitherto 
been content to say, that it offers so many thousand or 
million “units ” (ohms, ohmads, B.A. units, as they 
are variously termed) to the passage of the electric 
current ; but the perfection of our insulating mate- 
rials is now becoming so immense that we have to drop 
our units, which require too many rows of figures to 
be comprehensible, and take to other modes of expres- 
sion. A unit of gutta-percha is said to give a resist- 
ance of 60,000,000,000,000,000,000, copper being 1. 
This is, of course, unintelligible. It can, however, be 
made intelligible by the introduction of time. Time is 
an essential element in the conception of electrical con- 
duction. The quantity ofa current is the magnitude or 
volume of a current transferred through a given con- 
ductor in a given time. Thus with a given conductor 
we can measure the quantity of an electric charge—a 
lightning cloud, a leyden jar, or a submarine cable— 
by the time it takes to dissipate the charge through it 
as a current. Conversely with a given charge, we can 
measure the conductivity or its reciprocal, the resist- 
ance or insulating power, by the time it takes to dis- 
charge or dissipate as a current. Similarly with a 
cistern or reservoir filled with water, and emptied by 
means of a pipe, when we know the length al size of 
the pipe we can calculate the capacity by the time 
that it takes to empty itself; and when we know the 
capacity or quantity of water contained, we can simi- 
larly calculate the resistance of the pipe. It is usual 
to measure the time it takes for a Sele, charged to a 
definite tension, to fall from full to half charge, and by 
means of a formula to express this in units of resist- 
ance. ‘Thus, when a submarine cable is said to fall 
from full charge to half charge in one minute, it gives 
a resistance of about 10,000,000 units; but as this 
increases in a geometrical ratio with the time, we are 
soon compelled to drop the units and adhere to time 
alone. Hitherto, the best specimens of manufactured 
gutta-percha have only held their charge for a very 
few minutes, and that only in very short lengths. The 
best specimens submitted by the manufacturers to 
the Committee of the Board of Trade gave the follow- 
ing results : 
Fall from charge 
to half-charge. 
«. 70 seconds 
21 minutes 
Best india-rubber ... eee cee oe 29 yy 
The Malta and Alexandria cable before submersion 
gave an insulation resistance of 400,000,000 units per 
knot; the Persian Gulf cable, of 600,000,000 units. 
Mr. Hooper sent out to India a cable that gave 
6,000,000,000. The original contract of the Atlantic 
cable stipulated that the core should give a resistance 
of 150,000,000 units per knot, which is tantamount to 
saying that it should retain its half-charge for four 
minutes ; but this was considerably exceeded in execu- 
tion, and after submersion it gave a resistance of 
7,700,000,000 units. But now this wonder-working 
wire, improved by the low temperature and enormous 
sressure of the zo¢ unfathomable ocean, holds its charge 
for oxe hour, a state of perfection that the wildest and 
most sanguine electrician could not have conceived, 
which numbers can scarcely express, and which might 
be well compared, when p hr vee in opposition to 
the old cable of 1858, to the difference between the 
distance of two consecutive mile-posts and that of 
two fixed stars. 

This marvellous result of careful manufacture is the 
more astonishing when we consider the enormous 
surface of the conductor of the Atlantic cable which 
it has been calculated exposes over 600,000 square 
feet of surface, separated from the water by a distance 
of only 0.16 in. The power of a conductor to convey 
electricity is directly as its length and inversely as its 
sectional area. The length of the conductor insulating 
the Atlantic cable is 0.16 in., and its area over 13 acres, 
while the conductor conveying the current is only 
0.144 in. in area and 1890 knots in length. In the 
one case we have a long thin copper wire 1890 knots 
in length and only 0.0163 square inches in area, offer- 
ing a resistance of only 7500 units to the passage of 
the current, and in the other case a thin sheet of 
gutta-percha 13 acres in area, and only } of an inch in 
length, offering an almost infinite resistance, and com- 
pletely barring its progress from the copper to the water 
—a difference as great as the full stop that ends this 
article and the whole sheet of ENGINEERING. 


Plain gutta percha ... eee 
Do. Chatterton’s compound 








Tue UstversaL Private TELEGRAPH.—At the meeting 
of the shareholders, on Wednesday, the chairman announced 
that the company had done business at a loss during the half 
year. The concern had been grossly mismanaged, and great 
reforms were nec The amount thus far paid to Pro- 
fessor Wheatstone, in shares, was 13,5002, and of this he had 
had to pay 30002 in defence of his patent rights. The revenue 
of the company is steadily increasing, having amounted tonearly 
78004. in the half year. 





NOTES ON STEAM ENGINES. 
To THe Epitor or ENGINEERING. 

Srr,—Your “Notes on Steam Engines” give inte- 
resting information upon points connected with the 
steam engine not generally known. But some of the 
notes given in your last number contain statements 
that are not perfectly exact, and which I should wish 
to be permitted to correct. 

In Boulton and Watt’s original rule for determining 
the nominal power of an engine, the pressure of the 
steam which was considered to be effective on the 
piston was 6.8 lb. in the 4-horse power engine, and in- 
creased up to 6.94 lb. in the 100-horse power engine. 
The velocities of piston for different lengths of stroke 
were taken as follows : 

Length of stroke in feet| 2 | 2} 
Speed of piston in feet 
per minute 
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The assumed speed per minute multiplied by the 
assumed pressure, and divided by 33,000, gave the 
nominal power. 

As it was difficult to remember these speeds and 
pressures, I gave a new rule in 1844, which assumed 
a uniform pressure of 7 lb. per square inch, and which 
further assumed that the speeds varied nearly as the 
cube roots of the length of the stroke, which I found 
that they did very nearly. This rule, which is now 
very generally adopted, is as follows: Multiply the 
square of the diameter of the cylinder in inches by the 
cube root of the length of the stroke in feet, and divide 
the product by 47, which will give the nominal power. 

The rule for horse power called the Admiralty rule 
is the rule of the late Mr. Barnes, who gave it to me 
in 1843, and was given by me to Mr. Lawrie, who 
slightly modified it and communicated it to the Admi- 
ralty, by whom it was adopted. This rule supposes a 
uniform pressure on the piston, but is complicated by 
the introduction of a varying speed. 

It is a mistake to say that the three-ported valve is 
the invention of Mr. John Robertson, as it was in- 
vented before his time by Mr. Murray, of the firm of 
Fenton and Murray, of Leeds. The engine made b 
Mr. Robertson for the Comet in 1811] resembles, in all 
its main features, the engine represented in plate xvi. 
of Farey on the Steam Engine as having been con- 
structed by Messrs. Fenton, Murray, and Wood in 
1806. The type of side-lever engine long employed in 
paddle vessels was initiated by Boulton and Watt, The 
plan of introducing two engines into a steamer, with 
their cranks at right angles, originated with Mr. Watt, 
who, on visiting Scotland a year or two before his 
death in 1819, gave the Clyde Shipping Company a 
design for a tug-boat called the Samson, which | 
two engines with the cranks at right angles. That 
vessel was built before the date of Brunel’s patent of 
1822, and I have often been on board of her and of 
another larger vessel, the Hercules, built soon after 
the Samson, and on the same general design. These 
vessels had gear wheels interposed between the engines 
and the paddles, to enable the engines to work at their 
proper speed without entailing too much slip of the 
paddles when the vessel was dragging a heavy load. 

I was not the first person to make a single-cylinder 
engine to drive the screw. Ericsson had done that in 
America before 1852, having constructed a number of 
single-cylinder engines to drive twin-screws for steam 
barges by an arrangement resembling Cartwright’s 
parallel motion. I believe, however, I was the first to 
introduce a single horizontal engine to drive the screw 
in sea-going ships; and under the arrangement I 
adopted, the counterweights for balancing the mo- 
mentum also prevented the engine from sticking on 
the centre. I adopted a balance piston in that engine 
to relieve the pressure on the valve face, which piston, 
in the event of priming, would rise and allow the water 
to escape. 
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The connexion between the top of the 
balance piston and the eduction pipe was at first made 
too fone and the valve consequently lifted at every 
stroke from the momentary superior pressure of the 
escaping steam on the under side of the valve. But when 
the connecting-pipe was enlarged, this action ceased. 
Lam, &c., 
Joun BouRNe. 
Berkley Villa, Regent’s-park, N.W. 








Tue PANAMA AND AvusTRALIAN Lixe.—The Rakaia has 
made a successful maiden trip on her new station. The run 
from Panama to Wellington, New Zealand, was made in twenty- 
eight days, the distance being 6523 miles. The engines made 
1,519,502 revolutions, and although the displacement on start- 
ing was 3200 tons, but 861 tons of coal were consumed, “ 

Tue Matra anp ALEXANDRIA CaBLe.—A “ fault 
which occurred on the 3rd inst., nthe Malta and Alexandria 
cable near Alexandria has been duly found, and the cable 
has been raised, and made good. Communication is again open 
throughout the whole line. 
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THE GRIMSBY (ROYAL) DOCKS. 


For very many years the situation of Grimsby has 
rendered it a port of considerable importance, and this 
has been particularly the case since it has been-hrought 
into commmnication with our railway system’*; In fact, 
the advantages possessed by it are so numerous'that the 
Manchester, Sheffield, and Lincolnshire ‘ay Com- 
pany, after they had become possessed of the T haven 
and dock, applied for and received Parliamentary 
sanction for the, construction of spacious. new docks, 
designed by the late Mr, J. M. Rendel, ” The. dock 
with which Grimsby was provided prior to 1845 had 
an, area, of about 19 acres, and it was shallow, and had 
a narrow entratice. ‘The scheme for the new docks 
comprised a principal dock, a small dock for the 
accommodation of fishing craft, an entrance tidal basin, 
timber-ponds, and two entrance-locks; and, as it was 
desirable that the docks should be available to ordinary 
merchantmen at all times of the tide, and should be 
capable of receiving vessels of the largest class at high 
water, the wharves, embankments, &c., had to be carried 
out three-quarters of a mile beyond the old dock, and an 
area of 138 acres reclaimed from the river. This area 
is divided as follows: new (Royal) dock, 20 acres; 
timber-pond in new dock, 5 acres; tidal basin, 13 
acres ; fish-craft dock, 6 acres; and area of quays of 
Royal dock, 22,000 square yards. 
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wrought-iron plates 6in. by 1 in. instead of timber 
wales, these plates being made in lengths of 12 ft., and 
being keyed together so as to form ties throughout 
the whole length of the dam. The rows of piles 
were connected by bolts, these bolts being 2} in. dia- 
meter at the bottom row of walings, and diminishing 
to 13 in. in diameter at the top row. In order to pre- 
vent a run of water through the dam, the tie-bolts 
connecting the inner and middle, and those connecting 
the middle and outer rows were arranged alternately, 
and each bolt was provided at the middle of its length 
with a cast-iron plate or shield to stop the water from 
finding its way along it. The spaces between the piles 
were filled with puddle made of the best: selected clay, 
mixed for the first 5 ft. in height with gravel or small 
quantities of broken chalk stone. The puddle was 
tipped, in order to secure solidity, from side-tip wag- 
= running on a line of railway formed over the 
am. 

In place of the usual shorings, the coffer-dam was 
strengthened by counterforts extending 18 ft. from the 
inner row of piles, and formed of whole timber sheeting 

iles connected with the dam by whole timber walings. 
hese walings corresponded with those of the inner 
row of piles, and were secured to them by wrought- 
iron knees and plates; they were also shored by 





bridge struts, these struts having dovetail ends fitting 
into cast-iron strut boxes, 
so that they could also act 
as ties, if necessary. The 
dam was provided with a 
pair of 2 ft. 6 in. cast-iron 
sluices for carrying off the 
land drainage, these sluices 
having brass -faced doors 
fitted with suitable lifting 
gear. A pair of 20ft. flood- 
gates (which since the re- 
moval of the coffer-dam 
have been used for’ a lock 
of the fishing-craft» dock) 
were also fitted’ at the 
eastern. end of the dam, to 
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The works were commenced in the spring of 1846, 
the first step taken being the construction of the coffer- 
dam, embankments, &c., extending altogether 14 
miles, by which the reclaimed land was enclosed. In 
1848 the banks and coffer-dam were finished, and in 
April, 1849, the first stone was laid by the late Prince 
Consort, after which date the works were prosecuted 
without any important interruption taking place. The 
coffer-dam, to which we have already alluded, was of 
unusual size, and, from its situation, it was greatly 
exposed to the tide, which rises about 25 ft., and runs 
at the rate of about 5 miles per hour. — Its length was 
1500 ft., and its shape in plan consisted of two circular 
arcs (each with a rise of one-fifth the span) and a straight 
return on the west side. The subsoil on which it was 
constructed consisted of a top layer of soft blue silty 
clay about 24 ft. thick, below which there was a layer 
of peat and leaves about 2 ft. 6in. thick. Then came 
a stratum of sand and gravel, then a stratum of stiff 
brown clay about 30 ft. thick, then a layer, about 
2ft. 6in. thick, of green sand mixed with water, and 
then the chalk rock, which is usually reached, in the 
neighbourhood of Grimsby, at depths varying from 
80 ft. to 100 ft. below the level of Trinity high water. 

The coffer-dam was constructed of ‘three parallel 
rows of piles of Memel fir, a space of 7 ft. being left 
between the front and middle, and one of 6 ft. be- 
tween the middle and back rows. The piles were 
each from 14in. to 16 in. square, and their lengths 
averaged in the front row 60ft., in the middle row 
47 ft., and in the back row 37 ft. All the piles were 
‘ oe and provided with 28 lb. cast-iron shoes, and 

wey were driven in bays 10 ft. apart, each bay being 
tightly keyed with a wedge pile. The piles in the 
middle and back rows were placed upright, but those 
in the front row were driven with a Patter of in. to 
one foot. The piles forming the front and back rows 
Were secured together by five rows of whole timber 
walings on each side, and the joints of the front row 
Were caulked and pitched up to high-water mark. The 
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piles of the middle row were connected together by 





allow of the ingress and 
egress of the tidal waters 
until the dam was finally 
closed. The total quantity 
of Memel fir timber used 
in the construction of the 
dam was 410,572 cubic 
feet, and the whole of the 
piles were driven by ordi- 
nary pile-engines, con- 
nected by chain gearing with two stationary pumping- 
engines of 30 horse power. 

‘rom the old dock entrance to the western end of 
the coffer-dam, a length of 2431 ft., and from the eastern 
end of the coffer-dam to the end of the embankment, 
which forms the eastern side of the reclaimed space, a 
wharf was constructed of a single row of sheet piles 
driven between whole timber waling, and strengthened 
by fender and land tie-piles at intervals of 14 ft. The 
sheet piles are of Memel fir, and average from 35 ft. to 
40 ft. in length; they are backed with a wall of dry 
chalk-stone rubble, enclosing a puddle wall of selected 
clay well rammed. The ae of the piles, as 
well as of the rubble and puddle walls, is shown in the 
accompanying diagram, Fig. 1. During the construction 
of the wharf, considerabletrouble was experienced, owin 
to the treacherous nature of the subsoil upon whic 
certain parts of it had to be formed, and it was. found 
necessary at those portions to load the ground with 
layers of chalk stone, which eventually settled down to 
a firm bearing, and formed natural slopes of 7 to 1. 

The eastern side of the reclaimed space is enclosed 
by an embankment, of which we give a section in 
Fig. 2. It is 1800 ft. in length, and is composed of a 
FIG. 2. 
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uddle wall faced with chalk stone, the slope on the 
fand side being 1 ft. vertical to 14 ft. horizontal, and 
on the outer side 1 ft. vertical to 3 ft. horizontal. The 
datum line in the engraving is taken 4 ft. below the 
level of the cill of the 70 ft. lock. 
The entrance to the main dock is by two locks, one 
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6 ft. 9 in. below low-water mark, and each lock is pro- 
vided with two pairs of pen-gates and a pair of flood- 
gates, all being made of timber trussed with wrought- 
iron straining rods. The inverts and platforms for the 
gates are of stone, and go are the inverts and walls of 
the lock chambe e stone employed being Yorkshire 
landing, Bramle - Calverly Wood, Hessle and 
Melton Ross, that obtained from the last two quarries 
being chalk stone, and being used for the wall backings. 

Owing to the treacherous nature of the subsoil and 
the silty nature of the backing, it would have been im- 
possible to obtain a reliable foundation for the granaries, 
transit sheds, &¢,, if the quays had been formed by 
ordinary retaining , and another mode of construc- 
tion was therefore adopted, the dock walls being formed 
of long piers with intermediate brick arches. Except 
at the northern end. of the dock, where their thickness 
is increased to form the foundations for cranes, these 
piers are 6 ft. thick, and vary in length from 80 ft. to 
40 ft. They are founded upon piles and concrete, and 
are constructed of chalk rubble masonry, the front ends 
being faced with about 18 in. of ashlar to form the quay 
wall. The intermediate arches are five bricks thick, 
the spandrils being filled in with concrete, and the level 
of the surface of the quay being 32 ft. above the cill of 
the larger lock. The backing extends from the back 
of the arches to the bottom of the dock, with a slope 
of 23 to 1, and is composed of puddled clay faced with 
undressed chalk stone. 

The mortar used in the works was of two kinds, but 
was made exclusively of blue lias limestone from Lyme 
Regis, which was y bo at Grimsby for 10s. 6d. 
per ton. The limestone was broken into small pieces, 
and then burnt for forty hours, after which it was 
stored in a covered shed. When the mortar was pre- 
pared, the lime was slacked, and then ground with the 
other materials for fifteen. minutes, just sufficient water 
being added to render the mixture fit for use. The 
first-class mortar, which cost about 16s. per cubic yard, 
was used principally for yp and face work, and 
was composed of 10 parts of slaked lime, 8 parts of 
screened sand, 1 part of forge ashes, and 1 part of 
pozzolano. ‘The second-class mortar cost 12s. per 
cubic yard, and was used for brickwork and for the 
backing of walls and rubble masonry. It was com- 
posed of 16 parts of slaked lime, 20 parts of screened 
sand, 3 parts of forge ashes, and 1 part of pozzolano. 
Six mortar-mills, driven by a beam engine of 25 horse 
power, were placed near the works, and two limekilns 
were also erected, the total cost of the kilns, machinery, 
and buildings being 5000/. 

The tidal basin is enclosed by open timber piers con- 
structed of bays of piles arranged in clusters 25 ft. 
apart, and supported and shored by walings and dia- 
gonal braces. The outside of the piers is also pro- 
tected by half-timber fender-pieces spiked to the rail- 
ings, these pieces checking the rush of the tide through 
the basin and breaking up the heavy seas which mi it 
otherwise injure the lockgates of the main docks. The 
piles forming the piers are 14 in. square, those forming 
the faces averaging 50 ft., and the inner abutting piles 
averaging 36 ft. long. The face piles are driven with 
a batter of din: per foot. The top planking is laid 
with }in. spaces, and all the timber employed, after 
being thoroughly dried, was creasoted by Mr. Bethell’s 
process, the creasote being injected at the rate of forty- 
five gallons per load. The entrance to the tidal basin 
is 260 ft. wide, and a channel of the same width is 
preserved up to the locks of the main dock, the bot- 
tom of the channel being kept to the level of the lock 
cills by dredging and scouring. 

The graving-dock is situated at the north-eastern end 
of the main deck, and was not constructed until after 
the opening of the latter. The length of the graving- 
dock, measured on the blocks, is 350 ft., and its width 
on the floor is 52ft. At the entrance the width is 
70 ft., and at the level of the coping 96 ft., this width 
rep | to 84ft. at the end. The inverts and gate- 
tables are of Bramley Fall stone, and the gates are of 
timber, and of the same construction as those of the 
larger entrance-lock to the main dock. The cill of the 

aving-dock is 6 ft. above that of the large entrance- 
ock, and there is an average depth of water over it of 
19 ft. 6in. The foundations of the dock were formed 
by making a box of solid concrete, and its floor, in- 
stead of being concave, as usual, is convex, and is 
drained by gutters around the side walls, delivering 
into a well. The water is supplied to the dock by a 
culvert communicating with the Royal dock, and it is 
drained to the level of low water by means of a branch 
culvert leading to the eastern side of the 45 ft. lock, 
and delivering the water into the tideway. Both 
culverts are provided with sluices worked by hydraulic 





of these being 300 ft. long by 70 ft. wide, and the 
other 200 ft. eg with a width of 45 ft. ‘The cills of 
the larger lock are 6 ft. and those of the smaller lock 





machinery, The water remaining in the graving dock 
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below the level of low water is pumped out by a centri- 
fugal pump driven by a 25-horse power engine, which 
also works a pair of suction pumps, 10 in. in diameter, 
which are used to remove the water resulting from 
leakage. The total cost of the graving-dock, includ- 
ing engine-house and well, but exclusive of engine and 
pumps, was 32,000/. 

To facilitate the shipping of coal at the Grimsb 
Docks, two lines of railway have been carried theough 
the timber-dock on timber stagings, the lines being 
furnished at their extremities with coal - shoots. 
The extremities of the lines where the spouts are fixed 
are about 12 ft. above the dock-coping hoeel, and the 
waggons after discharging their contents through 
their bottom doors into the spouts, descend the empty 
line by gravity. Each spout is capable of shipping 
400 tons of coal per day. 

The water for working the hydraulic cranes, lock- 
gates, machinery, &c., is supplied from a tank capable 
of containing 33,000 gallons of water, supported at a 
height of 200 ft. by a handsome hedmalle tower of 
brickwork, this arrangement of tank and tower having 
been constructed to serve the purpose of an accumu- 
lator. The total height cf the tower to the top of 
the lantern is 300 ft. The water for the supply of the 
tower is obtained from a well 15 ft. in diameter and 
47 ft. deep, having a central bore 5 in. in diameter sunk 
to the chalk. This well is also fed by seven other 5 in. 
bores, sunk at intervals of 300 ft., these discharging 
into the well through a culvert 5 ft. in diameter. 

The fishing-craft dock is situated on the eastern side 
of the entrances to the main dock, and is about six 
acres in extent. The entrance-lock is 80 ft. long by 
20 ft. wide, and has an average cepth of water over the 
cills at high-water ordinary spring tides of 15 ft. 6 in. 
The flood-gates of the lock are those of the coffer-dam, 
and it has also two pairs of pen-gates fitted with the 
necessary sluices. Pxcept on the south side, where 
400 ft. of timber wharf have been erected, the sides of 
the fishing-craft dock are formed of clay slopes covered 
with chalk-stone, and having an average slope of 3 ft. 
horizontal to 1 ft. vertical. ‘The total cost of this dock, 
including the wharf, was 12,000/. The contractors 
for the whole works of the Grimsby Docks were, for 
the coffer-dams, Messrs. Lynn, of Liverpool, and for 
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| the completion of the dock works, Messrs. Hutching, 


Brown, and Wright, who ably carried out the construc- 
tion, under the superintendence of the late Mr. Adam 
Smith. We are indebted for the particulars of the 
Grimsby Docks, contained in the present notice, to an 
excellent paper on the subject, read before the Insti- 
tution of Civil Engineers by Mr. Edward H. Clark. 








SCHAU’S INJECTOR. 


Tne simple form of injector which forms the subject of the pre- 
sent notice is one which has been designed by Mr. Schau, of Messrs. 
Sigl’s locomotive works at Vienna, and it is of such construction 
that it can readily be fixed on either side of a locomotive or 
other boiler. In our illustrations, which are prepared from a 
full-size tracing with which we have been favoured by an Aus- 
trian ") “VY Fig. 1 is a plan, Fig. 2 a longitudinal 
section, and Fig. 3 a cross section of one of these injectors; 
and from these figures it will be seen that the steam is admitted, 
through the branch at one end, directly to the steam nozzle, no 
central cone being employed to regulate the supply, as in an 
ordinary injector. The water and receiving nozzles are cast in 
one piece, and are inserted in their proper position through the 
opposite end of the injector to that at which the steam enters. 
Both the steam, water, and receiving nozzles are of brass. The 
outer casing of the injector is of cast iron, and is of very simple 
form, as will be seen from the engravings. It is furnished with 
flanges, by which it can be secured to the boiler or frame of the 
engine. One end of the casing is bored out to receive the end of the 
brass casting forming the water and receiving nozzles, this castin 
being enlarged near the one end so that it fits the casing an 
divides the latter into two chambers, the smaller of which 
receives the feed-water, whilst the larger is the overflow cham- 
ber. The casting which forms the water and receiving nozzles 
is perforated near the middle of its length, where the two jets 
meet, these perforations allowing the surplus water to pass 
through into the overflow chamber. 

The feed-water is led into the injector, through a side branch, 
shown in Fig. 1, inte the water-chamber, and the quantity ad- 
mitted is regulated by the cock shown by Figs. 4, 5, 6, and 7, 
this cock being fixed to the water branch of the injeetor. From 
the section of the cock given in Fig. 4, it will be seen that the 
water is led into it at the bottom, and into the interior of 
the hollow plug, from which it is taken into the injector by a side 
opening. As will be seen by the section, Fig. 5, the case of the 
cock is also provided with a small hole through it, and by means 
of a recess formed in the plug, this hole can be brought into 
communication with the branch leading to the injector, so that 
it serves to discharge any water contained in the latter, this 
discharge being necessary in some cases to prevent injury from 
frost. In Fig. 3 is given a section through the overflow, and 
from this figure it will be seen that the pipe is fitted with a 
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valve to prevent the entrance of air, the injector being fixed 
horizontally, so that this valve tends to remain closed. The 
injector shown in the tracing, from which our engraving was 
prepared, has a receiving nozzle ¥, in. in diameter at the smallest 
na this size closely corresponding to that of Giffard’s injectors 
nown as No. 11, and we are informed that one of Schau’s in- 
jectors of this size is supplied by the makers in Vienna for 8/. 








An American Borter.—The Cleveland Plaindealer gives 
the following account of the “ explosion” of a boiler, the cause of 
which may form a prolific source of speculation. Our readers, 
however, will see that there was no true “explosion”: ‘‘ The ex- 
plosion of a boiler, which took place on Saturday last, in the 
mill of Schumacher and Co., of Akron, was of so unusual a 
character as to merit notice. It was in fact a boiler explosion 
at a time when there was no steam pressure on, no water in, 
and no fire under it. The boiler, which is the return-fiue style, 
was built at a and has a shell of about seventy-two 
inches diameter. The plates immediately over the furnace, 
either from excessive pressure of steam alone, or aided by the 
deposit of scale on their interior surface, which prevented the 
water from coming in contact with the iron, became con- 
siderably bulged outwards, and it was while the workmen were 
engaged in cutting out these defective plates that the accident 
occurred. They had chipped an opening of several inches at the 
forward end of one of the sheets, wen suddenly the after end tore 
apart with a tremendous noise ; in fact, so loud was the report 
that the men engaged in the mill rushed to the door, ——. 
‘There goes another powder-mill’ (one having exploded only 
a few days before in that vicinity), and it was several minutes 
before it was discovered that the rupture of the boiler had 
caused it. One of the men, who was in the act of chipping, and 
had his hand hold of the chisel which was wedged in the boiler, 
was so completely paralysed on one side as to be unable to move, 
and he was conveyed home very ill. The rupture took place in 
one of the transverse seams of the boiler, tearing the solid iron 
between the rivets about one-sixteenth of an inch apart and over 
one foot in length.” i 

Tue THames Susway.—The | of the subway is to 
be 582 yards, from Deptford and terminating at Clyde- 
wharf, Poplar. The app is to be 110 yards in , 
and there is to be an approach road 136 yards in length im 
Poplar, terminating at West Ferry-road. e subway is to | 
completed within five years, and the compulsory The 
lands for the p' is to take place within three : 
consent of the Conservators of the Thames is to be obtained 
before the works are commenced for the subway, and lights are 
to be exhibited in and near the river during the progress of the 
work. The Board of Trade are empowered to survey and ex- 
amine the work. The letting of cuntey Seteo—@ De 
Poplar, and Greenwich ferries—are to be continued, i 
ment made to them. Tolls are to be taken at the subway, 
volunteers are exempted. 
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In a recent number of this journal* we gave a brief account 
of the arched brick roofs which had been erected in the neigh- 
bourhood of Calcutta by Mr. William Clark, the engineer to 
the municipality, and we now give illustrations showing a sec- 
tion and details of roofs of this class erected at Kotrung 
over buildings connected with the Calcutta Drainage Works. 
The central building, which has a roof of 40 ft. span, con- 
structed of two rings of brickwork, was built in 1860, and was 
lengthened in 1863, its present length being about 120ft. The 
building on the left, which is a boiler-house, was also built 
in 1860; its length is 44 ft. 6 in., and its roof, which is 
formed of a single ring of brickwork, has a span of 22 ft. 
The building on the right is a foundry, and was added to 
the others in 1862; its roof is similar to that of the boiler- 
house. The bricks used at Calcutta by Mr. Clark are 
rather larger than those usually made in this country, their size 
being 10in. by 43 in. by 3 in., and the thickness of the roof just 
mentioned is thus, for the 22ft/span, 43 in., and for the 40 ft. 
span rather less than 10 in., an allowance being made for the 
joint between the rings. . 

The chief structural peculiarity in Mr. Clark’s roof is the 
manner in which the thrust of the arches is resisted. This 
thrust is received by thin iron plates laid flat upon the side walls 
of the building to be arched over, and tied together by iron rods 
extending from one wall to theother. The plates are kept from 
twisting or buckling by the weight of the superincumbent brick- 
work, and they are thus placed in the most favourable condition 
for withstanding the strain upon them. As the thin edges of 
the plates upon which the pressure of the arch is received would 
probably cut into the brickwork, vertical plates—which may be 
formed of any old iron plates—are interposed between the edges 
of the horizontal plates and the skewbacks, as shown clearly in 
the enlarged sections. Of these sections, Fig. 2 shows the 
arrangement of the ties for the 40ft., and Fig. 3 that for 
the 22ft. spans; and from these it will be seen that, in the 
case of the former, the horizontal plates by which the thrust is 
received are double. The enlarged sections also show the 
manner in which the ties are secured to the plates, and it will 
be seen that the latter are held by clips which pass round them, 
the ties being connected to the clips either by cotters or by nuts, 
as may be found most convenient. From the above description it 
will be seen that the ironwork employed in Mr. Clark’s roof is of 
the simplest possible description, the clips and cotters and the 
eyes at the ends of the tie-rods being the only forgings. This is 
& great advantage in a country like India, where it is advisable, on 
the score of cheapness, to employ native labour as much as 
possible ; and another advantage is that all the ironwork which 
18 exposed to atmospheric influences, is readily accessible for the 
purpose of painting. In the case of the 40 ft. roof shown in our 
engravings, the tie-bars are 1 in. in diameter, and are arranged 
in pairs at intervals of 7 ft.9 in. ‘The tie-bars of the 22 ft. spans 
are Zin.in diameter, and are placed in pairs at a distance of 
8ft. 10in. apart. The tie-bars are used in pairs merely for the 
sake of appearance, it being found by Mr. Clark that the pair of 
ties looks better than the single a | In the case of inhabited 
rooms which have been provided with these arched brick roofs, 
Mr. Clark has filled in the space between the pair of ties with 
Perforated zinc, with very good effect. 

In constructing these brick roofs “box centreing is used, a 
short length of the roof being built, and the centreing shifted for 
another length, and so on. The centreing is made so that it 
Boes between the tie-bars and the arch, the small portion of the 
latter near the springing, which comes below the centreing, 
being supported by temporary laggings placed between the 
centreing and the side walls. In order to avoid any trouble 
that might be occasioned by the tie bars being slack when the 
_ 1s being built, Mr. Clark adopts the plan of forcing the 
skewbacks apart by screwjacks, and then putting an initial 
— upon the ties before the arch is constructed. As the 
. ole of the thrust of the arch is taken up by the ties, there is 

0 side ressure upon the walls, and the latter have merely to 

per A weight of the roof. As an instance of the great 

lity of structures of this kind, we may mention that, when 

a apr at Kotrung was lengthened, one of the wafls was, 

@ absence of the engineer, built upon ground which had 

nm made by filling in an old pond or “tank,” as it is 

othe & India; the consequence was that the wall eventually 

md iy several inches; but, notwithstanding this, the roof 

~ quite perfect, the springing of the arch receiving great 
ae from the iron plates by which the thrust is taken. 

sides the workshops at Kotrung, some of the Calcutta and 
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* Vide Exeixzertxe, August 31, 1866, page 151. 





South-Eastern Railway workshops have been roofed over accord- 
ing to Mr. Clark’s plan, the spans being from 20 ft. to 42 ft., 
and similar roofs have also been applied to Government “ godowns” 
on the west side of the circular canal at Calcutta, to a bazaar at 
Kidderpore, and to various workshops and buildings at other 
places. Mr. Clark also erected houses some years ago in Loudon- 
street and Outram-street, Calcutta, in which not only the roofs 
but the floors also were constructed according to his plan, and 
in these houses, as well as all the other buildings which we have 
mentioned, the arched structures have stood the test of time in 
the most satisfactory manner, notwithstanding that since their 
erection they have been tested by severe gales which had most 
destructive effects upon other roofs, &c., in their neighbour- 
hood. The cost of the arched floors is about the same 
as that of the tile and beam floors now used, but that of the 
roof is considerably less, the present cost at Caleutta of the 
arched roofs constructed of two rings of brickwork being only 
about 18d. per square foot. The roofs are covered with a coat- 
ing of “terracing,” with which they are perfectly tight, and 
their form enables them to be readily drained. Altogether, Mr. 
Clark’s roofs are found to make a very cool, cheap, and durable 
covering, and one excellently adapted for use in India, where 
wooden roofs are liable to rapid destruction from the attacks of 
white ants and other causes, and where the painting, &c., re- 

uired to keep iron roofs in a good state of preservation renders 
their maintenance expensive. 








GALL’S SMOKE PREVENTER. 


Wir# a well-proportioned boiler, not overworked and supplied 
with coal of pot quality, it is quite possible by careful and fre- 
quent stoking and maintaining thin fires to prevent the forma- 
tion of smoke without the employment of any special arrangement 
for the purpose. In geeasal practice, however, it is but rarely 
that this combination of favourable conditions is met with, the 
most important requisite—careful stoking—being especially very 
frequently absent, and it is therefore necessary, if the produc- 
tion of smoke is to be avoided, to employ some special appliance to 
prevent its formation. A very simple and effective appliance of 
this kind is one which has been designed and patented 5 Charles 
Gall, an engine tenter, of Shropshire, who has fitted it with suc- 
cess to several boilers at Bridgenorth and other places, Recently 
the manufacture and fitting up of the apparatus has been taken 
up by Messrs. Wm. Coulthard and Sons, of the Park Iron Works, 
Blackburn, the well-known manufacturers of blowing engines 
and similar machinery, and it has been fitted by that firm to 
boilers belonging to the Cherry Tree and Wellington Mills of 
Messrs. Coddingtor and Sons, near Blackburn. 

In Mr. Gall’s arrangement the bridge is fitted with an air-valve 
below the level of the firebars, this valve being slung in the same 
manner as an ordinary throttle-valve. A short distance behind 
the main bridge is formed another of considerably less height, 
this second bridge being fitted with a “striking-plate,” which 
deflects upwards the air entering through the air-valve. It will 
thus be seen that when the air-valve is opened the air enterin 
through it is directed upwards and mixed with the heated 
gases escaping from the fire, and it thus supplies the oxygen 
necessary for their complete combustion. ‘The admission of 
air in a proper manner at the bridge is well known to 

revent the formation of smoke, and consequently many plans 
oe been from time to time brought forward for furnishing the 
necessary supply; but, in order that the air so supplied should 
produce the desired effect, it is necessary that the quantity ad- 
mitted should be regulated according to the state of the fire, 
that is to say, that a full supply should be furnished when fresh 
coal is put on, and the supply should be gradually diminished as 
the fire becomes bright. If this regulation of the supply of air 
has to be effected by hand, it, of course, requires very careful 
attention on the part of the stoker, and to render this unnecessary 
Mr. Gall has provided the very simple self-regulating arrange- 
ment, which forms the principal feature of this plan. 

This self-regulating arrangement, which is titted independent] 
to each furnace, consists, in each case, of a pair of vessels 
capable of containing water, the pair being connected by a bar 
which turns on a centre fixed to the boiler. The bottoms of 
the vessels are also connected by a small pipe furnished with a 
stop-cock, and another pipe of larger diameter leads from the 
bottom of the one vessel to the top of the other. The bar con- 
necting the two vessels is furnished with a couple of tappets, 
these being acted upon, in a manner which we shall describe pre- 
sently, by the pin of « small crank fixed at the upper end of the 
hinge-pin of the firedoor, this pin being prebnged: upwards for 
the purpose of carrying it. To the underside of the one vessel 





there is attached a link, the lower end of which is coupled to 
a lever fixed on a slight shaft which extends along the 
ashpit to the bridge, this shaft carrying near its inner end 
another bent lever. This bent lever acts upon another lever, 
which is connected to the upper part of the air-valve by a short 
link and staple, and it will thus be seen that by depressing the 
lever the air-valve will be closed, the manner in which the valve 
is hung tending to make it fall open. The manner in which 
the apparatus acts is as follows: When the firedoor is opened to 
put on a fresh charge of coal, the pin of the crank on the hinge 
pin comes in contact with one of the tappets, and so raises one 
of the vessels, and opens the air-valve. The water then flows 
from this vessel, through the larger of the two connecting pipes 
already mentioned, into the other vessel, and when the firedoor 
is shut the water so transferred begins to flow ba¢k again through 
the smaller of the two pipes into the first-mentioned vessel. 
As the water flows into this vessel its weight, acting through 
the link connecting the vessel with the lever on the shaft in the 
ashpit, gradually depresses that lever and closes the air-valve, 
the parts eventually assuming such positions thatthe air-valve 
is quite shut. By means of the cock on the small pipe connecting 
the two water vessels, the transfer of the water,can be regulated 
after a few a oer the air-valve is just closed by the time 
that the fire has me bright, this time, of course, varying in 
different cases according to the description of the boiler, the 
strength of the draught, the quantity of coal charged, &c. 
Altogether the rn ae is a: very simple and effective one, and 
it is one which-can-be very cheaply and readily applied without 
requiring any alteration in the setting of the boiler. We 
have, ourselves, seen it in action at Messrs. Coulthard’s own 
works at Blackburn, where it has been in use for some weeks, 
and it certainly answered its purpose admirably. By forcibly 
holding the air-valves closed, the furnaces to which the ap- 
pete is applied were % in the same condition as if they 
ad not been fitted with it; and when the fires were freshly 
charged with slack coal, great ——_ of smoke were pro- 
duced, this smoke, however, immediately disappearing upon the 
apparatus being left free toact. Messrs. Coulthard do not claim 
that any enormous saving of fuel is effected by the use of the 
apparatus which we have described, but at their own works they 
have found that, in the case of the boilers fitted with it, the con- 
sumption of coal has been reduced about 10 per cent., a reduc- 
tion which might be fairly expected from the completeness of 
the manner in which combustion is carried on. 








Toe CrxcinnaAtrt Suspension Brivce.—This structure 
is now — approaching a. It was designed and is 
being built by Mr. John A. Roebling. Its total length, including 
the approaches, will be 2252 ft.; length of main span from 
centre to centre of the towers, 1057 ft.; length of end spans, 
281 ft.; width of bridge in the clear, 36 ft.; height above low 
water, 100 ft.; height of towers from foundation, without 
turrets, 200 ft.; height of turrets, 30 ft.; number of cables, 2; 
diameter of cables, 124 in.; strands in each cable, 7; wires in 
each strand, 740; wiresin both cables, 10,360; weight of wire, 
500 tons; deflection of cables, 88 ft.; strength of structure, 
16,800 tons; size of towers at base, 86 ft. by 52ft.; at top, 
74 ft. by 40 ft. There will be 500,000 superficial feet of timber 
in te bridge-way, all of which will be thoroughly soaked in tar. 
The wrought-iron floor beams (the length of two of which makes 
the width of the bridge) are each 19 ft. long by 5 in. wide; and 
there will be two joined in every 5 ft. of the bridge—one to 
each suspender. The weight is 201b. per foot. Two iron 
trusses 10 ft. high will separate the footways, one on each side, 
from the carriage-ways, and flat-iron tracks, of accommodating 
width, will be laid for wheels to run upon. ‘The wrought-iron 
girders, 30 ft. long and 12 in, wide, will run the entire length, 
under the middle of the bridge. Ornamental iron railing will 
protect the foot passages on either size. The estimated total 
cost of this bridge will be $1,750,000, Mr. Roebling may well 
feel some professional pride in the boldness and sagacity which 
he has shown in designing such structure as the Niagara and 
Cincinnati bridges. They are both an honour to American 
engineering.—American Kailway Times. 

OILING CRANK-PIN BeArines.—In American locomotives 
all the crank-pin bearings both for connecting and coupling rods 
are oiled from the under side. The rods are furnished with an 
oil-chamber beneath the brasses, and the oil is supplied directly 
to the crank-pin bearing by means of a wick passed over a piece 
of wood and pressed against the bearing by a light spring. The 
action of the wick is also assisted by the motion of the rods, 
which throws up the oil against the bearing. A similar plan is 
addpted for lubricating eccentrics. 
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THE BESSEMER PROCESS IN AMERICA. 
To tne Eprtor or ENGINEERING. 


Srr,—In view of the diverse statements of the Eng- 
lish journals regarding the success of the Bessemer 
process in this country, and of the improvements 
actually developed here, I trust that some account of 
our practice wall be interesting to your readers. 

The Bessemer process was first experimentally prae- 
tised in this country, with a 3-ton converter, at the 
ironworks of Mr. E. B. Ward, at Wyandotte, near 
Detroit, under the superintendence of Mr. L. M, Hart, 
who had learned the Bessemer process at the works of 
Messrs. Jackson, in France. But although the Bessemer 
machinery was used at Wyandotte, the process was 
called the Kelly process. The patent of William Kelly, 
of Kentucky (controlled by Mr. Ward and his asso- 
ciates), for refining crude iron by blasts of air, ante- 
dates the Bessemer patent in this country. 

Before the Wyandotte experiments were commenced, 
Messrs. Winslow, Griswold, and Holley, of Troy, had 
completed an arrangement with Mr. Bessemer and his 
associates for the purchase of the Bessemer patents in 
the United States, and had commenced the erection of 
a 2-ton experimental plant. This plant was started in 
February 1865, and has since been in constant opera- 
tion, The first ingot made had a tensile strength of 
65,000lb. per square inch in the cast state, and 
121,000 lb. when hammered to a Qin. bar. A 2in. bar 
was bent double, cold. ‘This first ingot was a fair re- 
resentative of all the steel that has since been manu- 
Pctured at Troy. The pig iron used was smelted with 
charcoal from the hematite and from the maguetic ores 
af the Lake Champlain, the Hudson river, and the 
Salisbury regions, and the Lake Superior irons, smelted 
either with charcoal near the mines or with bituminous 
coal in the Mahoning Valley of Ohio. Some of the 
Pennsylvania and New Jersey anthracite irons pro- 
duce steel equal in quality to that made from the 
English hematites of the Cumberland region, but not 
equal to that made from the American charcoal irons 
mentioned. Some hundred tons of the best steel have 
been made from the Iron Mountain of Missouri, smelted 
with charcoal, and from the charcoal hematite irons 
of central Alabama. Sufficient experience has already 
heen gained in the mixing of these various pigs, to pro- 
duce, uniformly, all grades of steel. The only irons 
that have failed are those reduced from surface ores, 
eontaining an excess of phosphorus, and the anthracites 
that have been smelted with very sulphurous coal. As 
far as tested, probably three-quarters of the American 
pigs produce first-rate Bessemer steel. 

STonwhile Messrs. Winslow, Griswold, and Holley 
had commenced the erection of a pair of 5-ton con- 
verters, and the Wyandotte works were producing a 

ood quality of steel from the Lake Superior irons. 
‘he recarboniser at both works has been the franklinite 
pig iron of New Jersey, which is slightly richer in 
manganese than the spiegeleisen. 

Mr. Robert Mushet’s patent for mixing a triple 
compound of iron, carbon, and manganese with air-de- 
carbonised iron is valid in this country, as far as 
Patent Office formalities are concerned. Whether or 
not this patent, or that of Mr. Kelly before mentioned, 
are absolutely essential to the process, or would be 
sustained by the courts, are subjects upon which 
experts and lawyers are divided in opinion, Mr. 
Bessemer’s legal claims for practical details and 
machinery, and his moral claims as the introducer of a 
working process, have not been disputed by either 
party. 





The 5-ton converters will be in operation in December. 
The Wyandotte works are producing a smaller 
quantity, but a good quality of steel. 

Of the licensees, the Pennsylvania Steel Company, at 
Harrisburg, will be in operation early next year, with 
two 5-ton converters, a 24 inch 3-high rail mill, a 
tyre mill, a plate mill, and a forge suited to the manu- 
facture of all ingots under 12 tons weight. Similar 
works at Chester, Pennsylvania, and at Cleveland, Ohio, 
are partially completed, and will be running during the 
next year. Several other works in Pennsyivania, and at 
the West, will probably produce steel within 18 or 
20 months from the present writing. 

In a future letter 1 propose to mention some changes 
made here in the Bessemer plant and process. Some 
of these changes haye been rendered necessary by new 
materials ; others we deem improvements. 

A. L. Honey, 

Troy, New York, September 27, 1866. 

RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the present year, 1866, and the 
year should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. ' 

(No. 477, 1s. 4d.) Joseph Rothery, of Waterloo 
Main Colliery, near em patents coal-cutting 
machinery. The striking or cutting arm is to be 
driven by a stout coiled spring, which is to be com- 
pressed at each stroke by a wiper on a revolving eam- 
shaft. It is proposed to drive the apparatus by a 
horse treadmill, or “horse power,” and it is also sug- 
gested that the horse may be employed to compress air 
xy pumping—the pumps being worked in any con- 
venient manner from the “‘ horse power,” and that the 
eutting-arm may be worked by means of compressed 
air. 

(No. 478, 10d.) James Young, of Limefield, N.B., 
patents an inclined revolving retort, communicating 
with a fixed hopper at its upper end, and discharging 
continuously, by gravity, into a receiver at its lower 
end, for the purpose of distilling coal. 

(No. 479, 10d.) Thomas Adams and G. J. Parsons, 
of Duke-street, Adelphi, London, patent what is now 
known as Adams’s steam-packed equilibrium slide-valve, 


and, also, metallic packing for stuffing-boxes. We 
expect shortly to describe the valve by drawings. The 


stufling-hbox ring-packing is of a kind which has been 
often proposed, and it has been employed for some 
years in America under the name of Allen and Noyes’s 
packing. 

(No. 480, 4d.) Donald Nicoll, of Kilburn, patents 
a mode of forming electrical conductors by stretching 
copper or other wires within a metal tube, and then 
filling the tube with asphalte or other fusible insulating 
material. 

(No. 484, 4d.) Peter Ward, of Bristol, patents a 
composition to prevent the formation of scale in boilers, 
and it appears that the same compound, mixed with 
oil, will answer as lubricating grease. In a solution 
of 1 ewt. of caustic soda in 20 gallons of water 150]b. 
of peat are to be dissolved. ‘The final solution is to 
be put into the boiler, or otherwise used as proposed 
in mixture with oil, as a lubrieating grease. 

(No. 486, 10d.) A. V. Newton, of Chancery-lane, 
as the agent of E. Danford, of Geneva, Illinois, U.S., 
patents a mode of superheating steam by injecting jets 
of water into a large cast-iron globe placed over a hot 
fire. ‘The idea is very old. 


been made in the details. An inverted long conical 
valve guards the passage to the low-pressure pipe. This 
valve is held down by a weighted lever, the spindle of 
which, instead of actmg through a stuffing-box, acts 
through a flexible diaphragm, upon the valve. Accord- 
ing to the pressure upon this diaphragm, the weighted 
lever rises or falls, and thus partially closes or still 
further opens the valve. 

(No. 506, 10d.) Wolstenholme and Pendlebury, of 
Radeliffe, Lancashire, patent a neat tool for cuttine 
off gas-pipes or even round rods of iron. Secured to 
two arms, jointed together like a pair of tongs, are 
three small rollers, made to press against and gripe the 
tube or rod, when the jointed arms are besa to- 
wards each other by a tie-screw at their outer ends. A 
small tool-head, or “ tool-box,” is formed upon one of 
the arms, and a cutting tool is secured in it with its 
point pressing into the tube or rod to be cut. The 
apparatus being then turned around the tube or rod, 
and the cutting tool being gradually set up as the 
work proceeds, the tube is soon cut through, tire 
rollers referred to greatly reducing the friction that 
would otherwise take place. 

(No. 508, 8d.) Willis and Rice, of Worcester, 
patent a contrivance for converting uniform rotary 
ito nearly uniform reciprocating motion. The shaft, 
having uniform rotation, has an elliptical spur-wheel 
upon it, gearing into another of nearly the same form, 
On the shaft of the latter a slotted cross-head receives 
a pin in the end of the bar which is to be reciprocated 
with a nearly uniform motion. The uniformity of the 
reciprocating motion depends upon the form of the 
spur wheels, and the relation between their greater 
and lesser axes, 

(No. 509, 1s.) Henry Lea, of Birmingham, patents 
driving the shuttles of looms by atmospheric pressure, 
produced at each pick of the loom, by a wiper acting 
upon a piston in an air cylinder. This is intended to 
be an improvement upon Harrison’s pneumatic loom. 
Mr. Lea also explains how his shuttle-hox is to be 
formed, and his shuttle fitted to it so that the latter 
may get the whole force of the compressed air, with 
the least loss of the latter by leakage. 








SEAMLESS COPPER TUBES. 

For wood-burning engines, copper tubes are preferred in the 
States to brass. The writer wrote and published the following 
notice upwards of six years ago, and the success of the manu- 
facture—which is still unknown jn this country—induces him 
to repeat it here: 

“Some of the seamless tubes, made, ostensibly from copper, 
appear to be formed of an alloy. This is the more probable, 
because copper cannot readily be cast into the hollow ingots from 
which the tubes are to be drawn. Pure copper, in its melted 
state, has a pudding-like consistency, and when cast is likely to 
come out unsound. In alloying it, to increase its fluidity when 
melted, the metal is not only debased, but it loses much of its 
malleability, for which property copper will probably always be 
preferred to brass as a material for tubes in American locomo- 
tives. At the seamless tube works at Morrisiana, N. Y., pure 
copper is east into sound tubular ingots, by running the fluid 
metal into moulds revolving some 2000 turns a minute. The 
centrifugal force thus imparted to the metal condenses it upon 
the inner surface of the mould, and experience, in the use of the 
tubes thus cast, shows that perfect soundness is thereby attained. 
The refining furnace is set up close by the moulds, of which 
there are twenty, more or less, disposed radially around a cen- 
tral shaft, the axis of each mould lying a A large 
friction wheel, on an upright shaft, gives motion to all the moulds. 
A measured quantity of metal from the furnace is poured suc- 
cessively into the end of each mould, the result being a tubular 
ingot, of (say) a foot length, 44 in. in diameter, and having 4 
beautiful smooth cylindrical hole of about 3 in. bore throughout 
its length. When cold, this ingot is heated and rolled, upon 4 
loose mandril, between four rollers so disposed as to embrace its 
entire circumference. After being thus rolled out to a length of 





(No. 487, 8d.) Charles Gall, of Bridgnorth, patents 





Early in the present year, the Kelly and Mushet 
patents were held hy a very wealthy and respectable 
party of ironmasters, who had, however, no licensees. 
‘he owners of the Bessemer patents had three 
licensees, who were erecting each a pair of 5-ton 
converters. Litigation of a formidable character was 
imminent; but while the lawyers were looking forward 
to the probable duration of a patent suit, the owners 
were looking forward to the probable duration of the 
patents, and the business-like result of their observ a- 
tions was a consolidation of all the patent interests, 
so that the Troy works, the Wyandotte works, and 
all the Bessemer works in the United States will 
henceforth be licensees under the combined patents, at 
uniform royalties, similar to those charged by Messrs. 
Bessemer and Longsdon in England. It is proper to 
remark here, that to Mr. Bessemer is awarded, in this 
country, the chief credit for perfecting and introducing 
the process that bears his name here and all over the 
aad and that his assignees here have properly 
retained by far the largest share of the royalties 
arising under the consolidation of interests. 


At the present time the 2-ton converter, at Troy, is 


producing 10 tons of ingots (6 charges) per 24 hours, 


the smoke-preventer, which we have fully described in 
the preceding page. 

(No. 498, 8d.) E. J. C. Welch, of Harrow, patents 
an apparatus for carburetting air or gas by passing it 
through the vapour of any convenient liquid hydro- 
carbon. The apparatus could only be understood from 
a drawing or model, and the invention relates to the de- 
tails of its construction. 

(No. 503, 10d.) J. H. Whitehead, of Saddleworth, 
Yorkshire, povents a contrivance for removing soot 
from the tubes of feed-water heaters when they are 
need in the brickwork flues leading from’ land 

oilers. A small steam pipe, with jets, has often been 
employed, but Mr. Whitehead proposes that this pipe 
shall be made movable, so that the jets of steam may 
act progressively over the whole surface of the tubes 
of the heater. 
| (No. 504, 10d.) John Fletcher, of Ashton-under- 
Lyne, patents a “ diminishing valve,” as it is generally 
termed, to let off steam at a lower, but uniform, pres- 
sure from a high-pressure boiler. The general prin- 
ciple of the apparatus is much the same as that of 
most other valves of this class, but a few changes have 





2 ft., the process is repeated until the length is increased to 3 ft. 
or 4 ft. After annealing it is then drawn successively through 


| dies of gradually diminishing size until the tube has been 


brought to the required diameter and length. A single pass 
through a smoothing die completes the process. At the Rogers 
Locomotive and Machine Works, and at other similar establish- 
ments where these tubes are extensively used for locomotives, 
they have given complete satisfaction. ‘Their price is but little 
more than that of ordinary tubes.” 


Locomotive WuistTLEs.—Qn the American lines the engine 
whistles have large deep cups, 5 in. to 6 in. in diameter and @ in. 
or 8in. high. They give a deep roar, which can be heard ane 
as far as our piercing fittle whistles, but the sound is not near y 
so distressing to the ear, nor so likely to frighten horses. ; 
Boxer CARTRIDGEs.—The manufacture of the new a 8 
fire cartridges for breech-loading arms in Woolwich sr is 
progressing favourably. “The rate of supply will ultimate ye 
increased to upwards of 200,000 rounds per day, to complete na 
number ordered in the present financial year, 1866-/, name) 
40,000,000. ; _s 
Tue Crym AND MecHANICAL ENGINEERS Socrates 
the meeting of this society on the 10th instant, Mr. > a 
Eachus, the president for the ensuing year, delivere ” te 
augural address of considerable length, in which mest 0 








. . . + r- 
larger engineering works now in progress eae -— umn) "his 
3 he proposed schemes of the day were descrived. 
tant of the prog J an ae 


society now numbers fifty members, «ad twenty m 
pected to join immediately. 
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ANEMOMETER AT THE ROYAL 
OBSERVATORY, GREENWICH. 


For some months Mr. John Browning, F.R.A.S., 
F.M.S., and F.M.S.E., whose labours are now com- 
pleted, has been occupied, under the guidance and 
supervision of the Astronomer Royal and Mr. 
Glaisher, in erecting, at the Royal Observatory, a 
new set of apparatus for registering the force and 
velocity of the wind. A brief account of the instru- 
ments has recently appeared in the Zimes, but their 
mechanical construction and operation merit a more 
detailed description, which we propose to furnish, ac- 
companied by drawings which we append. 

We will first describe the instrument for register- 
ing the velocity of the wind, as shown in Figs. 1 
and 2. The portion of this apparatus which is out- 
side the building is represented in Fig.1. A, A, A, A, 
are four hollow hemispherical cups of copper, attached 
by a light framework to a central spindle, B, which 
is carried by the revolution of the cups. At the lower 
end of the spindle is an endless screw, which cannot be 
shown in the drawing, but which, revolving by the 
action of the cups, communicates motion to a train of 
wheelwork, so arranged as greatly to reduce the 
velocity of the original motion. A pinion, C, attached 
to the wheelwork, works into a rack, and raises a 
rod, D, which is carried down into the interior of the 
building. A continuation of this rod is shown in 
Fig. 2, where it is indicated by the same letter, D ; 
to it is fastened a slide, carrying a pencil, F, Fig. 2. 
There is in front of the pencil a metal cylinder, I, I, 
Fig. 2, to which is given by dechoneak. a rotatory 
motion. The gearing by which this is effected is shown 
at G, Fig, 2. 

A sheet of paper is wrapped round the metal cylin- 
der; it is held in position on the cylinder by springs ; 
and upon it there are vertical lines to indicate hours, 
and horizontal lines indicating velocity. It will thus 
be seen that, when the cylinder is revolving at a known 
speed, the pencil, F, Fig. 2, being raised by the rod, 
D, Fig. 2, will draw a line that will vary more and 
more from the horizontal as the cups travel with 
greater rapidity ; for the rack, J, Fig. 1, being raised 
by the pinion, C, Fig. 1, will elevate the rod, D, a 
greater amount in a given time if the cups have been 
moving at a higher speed. The rack, J, having been 
raised to the top, that. is, as far as it will play, the 
spring, L, Fig. 1, is pressed back, and the rack, J, 
turning on a hinge-joint at M, Fig. 1, is lowered to its 
original position, and a new paper (the papers being 
changed every twenty-four hours) is placed on the 
cylinder, irrespective of the tracings of the pencil upon 
it. The front of the instrument, Fig. 1, which in the 
drawing is supposed to be turned from the observer, 
has four small dial-plates, upon which, by means of 
indices, the velocity of the wind is registered in tenths 
of miles, miles, tens of miles, and hundreds of miles. 
The sensitively delicate character of this instrument is 
such that the cups will revolve with a breeze so light 
as scarcely to be perceptible, whilst, during gales, it 
will sometimes record velocities of from thirty to forty 
miles per hour. 

We now proceed to describe the instrument for regis- 
tering the corresponding pressure of the wind, this 
being a matter of great interest to scientific and nautical 
men (see Fig. 3). The acting portion of this appa- 
ratus consists of a circular dise of iron, equal to 2 
square feet in area. It is very light, but is strength- 
ened by stays of thin sheet steel placed edgeways be- 
hind it. It is supported by eight tempered steel 
springs, shown at D,D,D,D. When the wind impinges 
upon the circular plate, the springs are brought con- 
secutively into action, the stronger being so arranged 
as to take up the pressure before the weaker are sub- 
_ to any strain. The plate is kept facing the wind 

y the action of a direction-vane, B, with which it is 
oo ceed A rod, G, which moves with the pressure- 
Plate, carries a fine flexible wire cord, H, which, though 
not readily discernible in the drawing, passes over a 
= sheave in the side of the rod carrying the direc- 

lon-vane, and runs down through the rod, which is 
made hollow for the purpose. This wire is con- 
tinued until it enters the uilding, where it is made 

govern the motion of a pencil, which traces mark ings 
. a sheet of paper, according to the pressure which 
; € instrument has registered. The paper is stretched 
be ck a table covered with slate, which table is moved 

y clockwork carrying the table with it, and the paper 

as marked upon it lines which indicate hours and 
Pressure in a mode similar to that already described in 
—— with the instrument for registering the 
vm ha the wind. This instrument, too, is made 

ve that it will record pressures as light as a 





few ounces in the square foot, whilst in gales it will 
have to support a force as great as 401b. to the 
square foot. It may be noted that the principle of this 
instrument is that suggested some years since by Mr. 
Follett Osler, of Birmingham, a po sarc whose name 
is well known in association with the Great Exhibi- 
tion. 

For a series of years the pressures and velocities of 
the wind have been registered at Greenwich, but the 
records have never been arranged in a tabular form. 
It is now intended, however, to compare most carefully 
the results given by the new and more perfect instru- 
ments, and for this purpose the sheets of paper on 
which the instruments register are so arranged that 
they can readily be fastened together, and the results 
of the registration of each day may be read at a glance. 
Probably from these daily records accurate tables of 
the velocities and pressures will be ultimately pre- 
pared, showing what winds are usually prevalent 
during certain periods of the year, and what pressures 
are current under particular velocities. It was by 
almost innumerable observations of a somewhat 
analagous kind, and by their careful tabulation and 
and analysis, that the valuable wind and current 
charts of Captain Maury were completed. 
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Tue Witson FurnAcE.—The drawings of the Wilson furnace 
were laid before their Royal Highnesses the Prince of Wales and 
the Duke of Edinburgh, as also before the Duke of Sutherland, 
during the recent royal visit to Dunrobin Castle. The Duke of 
Edinburgh examined them with special interest, and his equerry- 
in-waiting wrote to Mr. Wilson, expressing the regret of his 
Royal Highness that, on his way through Sheffield, his engage- 
ments did not permit of his visiting the Milton Ironworks, where 
he had been invited to examine this important improvement. 

SMOKING-CARRIAGES.—It is understood that the London and 
South Western Railway have at length definitively resolved 
upon the introduction of separate carriages for smokers and 
non-smokers. 

BREECH-LOADERS.—The Secretary of State for War is pre- 
pared to receive proposals for breech-loading rifles, to replace 
the present service rifles. Prizes of 10001, 6002, 500/., and 
4001. are to be given for the best gun and cartridge. There is 
to be a competition for the breech-loaders, and the successful 
rifle is to bear the inventor’s name. The sum of 3000. is to be 
allowed to each accepted competitor for expenses. 








Soutn-Eastern Rattway.—The directors of this — 
have filled up the vacancy caused by the resignation of Mr. Rf 
Smiles, their late secretary, by appointing Mr. T. A. Chubb to 
that office. Mr. Chubb has been connected. with the South- 
Eastern, as head of the accountant department, for many 


years. 


Mr. SnmpEr’s Case.—While so much is being said of Mr. 
Snider’s case, it does not appear to be borne in mind that the 

yment for the useof his invention has never been in dispute. 
He claimed 2700/. besides for purely personal services, and the 
War-Office, finding evidence of only eighteen days’ ‘attendance 
at Woolwich, offered him 1000/., wholly irrespective of the use 
of his patent, the specification of which would, it might be 
sup em render any special assistance unnecessary. Mr. 
Snider informed us, however, some months ago, that no one 
could make his rifle from his six patents, from one of which we 
had proposed to illustrate that arm in this journal. We would 
be the last to deprive any inventor of his due reward, our = 
pathies being quite in the other direction; but we cannot elp 
thinking that the clamour in Mr. Snider’s case is misdirected. 
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THE PLACE DE L’EUROPE BRIDGE. 
(Continued from Page 301.) 

HavinG, in our previous notice, illustrated three out 
of the five types of girders employed in the construc- 
tion of this bridge (namely, the independent girders 
at the angle of the Rue de ‘Londres, Fig. 4, page 302 ; 
the box girders at the Rue de Vienne, Fig. 5, page| 
302; and the continuous face girders at the Rue de 
Londres, Figs. 6, 7, 8, and 9, pages 301 and 302), we 
proceed now to consider the mtermediate continuous 
girders and the cross girders. As the method of inves- 
tigation pursued in the instance of the continuous 
girders differs in some respects from any we have met 
with before, the calculations are given in a more com- 
plete form than would otherwise have been considered 
necessary. 

intermediate Girders. 
Central Part. 

Most of these girders have four spans; some have 
hree. 

Each must be considered ‘a8 being submitted to a 
uniformly distributed load, consisting of a dead load 
and of a rolling load of 400 kilos. per superficial metre. 

Investigation of Dead Weight per Square Metre. 

(Girders not included.) 

The dead load is not the same for every span. The 
two end spans are in the same condition as the girders 
of the intermediate angles, being placed, like the latter, 
under either streets or gardens; the load of 1100k. 
of the former can therefore also be taken for the latter. 
But it is not the same forthe central spans, which have 
to sustain a greater dead load, on account of the 
greater thickness which must be given to the roadway 
in order to carry the water-mains through it. 

These loads must be estimated thus: The cross 
girders, 2 m. apart from centre to centre, support a load 
per metre run of—brickwork, 20.22 m.x 1100, 
484 k.; concrete, 1] x 0.18 m. x 2000, 360k. ; asphalte, 
0.015 thick, 2.00 x 0.015 x 2000, 60k. ; paved road, 
0.60 thick, 2.00 x 0.60 x 1800, 2160 k.; cross girders, 
weight per metre run, 108 k.; total load (p) on cross 
girder per metre run, 3172 k.; say, p=3200 k. 

Load on Girder per Metre Run. 

Continuous girders with several spans are calculated 
by making different hypotheses on the loads of those 
spans, 

We will suppose, then, that some of these spans 
have to support a load per metre run which is due to 
the platform only (and which we call unloaded spans), 
and others a load per metre run which is due to the 
rolling load as well as to the platform (and which we 
call loaded spans). 

We will now determine these loads for the extreme 
and central spans. 





Extreme Spans, 

Unloaded.—The girders, being ata distance of 5.10 m. 
from centre to centre, support a dead load per metre 
run equal to: load transmitted by the cross girder, 
1100 5.10, 5610 k.; weight of the girder itself, 
1200 k.; total load, 6810 k. 

Loaded.—The load then consists of: 1st, the above | 
load, 6810 k.; 2nd, the rolling load of 400 k. per | 
square metre, and which is equal to 400 x 5.10, 2040 k. ; | 
total load, 8850 k. 

Central Spans. 

Unloaded.—The distance of the girders being 5.10 m., 
we have: load transmitted by the cross girders per 
metre run of girder, 1600 x 5.10, 8160 k.; weight of | 
the girder per metre run, 1200 k.; total load, 9360 k. | 

Loaded.—lLoad consists of, per metre run: Ist, the 
load, 9360 k.; 2nd, tne rolling load, 2040 k.; total | 
load, 11,400 k. 

These loads remain the same for all the calculations 
which follow, all the girders being under the same con- 
ditions. 

General Formule. 
Let 

1. psa, be the moments of deflection at the piers. 

2. Aish, the lengths of ihe spans. 

3. pypyaps, the load per snetre run uniformly distri- 

uted, 

4. Torirata, the shearing strain on the right of the 
piers, 

5. 
piers. 

6. Q.Q:9.9.Q,, the total reaction at the pier. 

7. #, the bending moment at any point of a span. 

The general formulz established by M. Bellanger are 
the following : " 


¢'\t’sr's'T4, the shearing strain on the left of the 


1. Moments at the Piers, 
These moments are given by the formule : 
8 (+42) pi t+ 4laHe =p, hh + pol: 





8 
3 
41g +8(lo+4,) Ho + 4s =pole> +p,l? 
Al g++ 8 (4; + 14) By =p,/,' +p,l,°. 


Resolving these equations, we obtain the values of | 
Py Pe Bs: 


ates 

p,1,3(4be— 1,2) + pal,3(4be —2cl, —1,2) —pg1,2(2clg —1,1,) + ,1,3 Cal) A 
8(4abc — cl? —al,*) 

—p il, 3(cl,) + Pola*(2ac—cl,) +Ppsl,°(2ac—al,) —p,1,5(al,) 


4(4abe - cl? —al,*) 








Pe= 


Hh = 
p.1,9(Igl,)-p4l3(2al, - PP) + p,2,%4ab —2al, —1,2) +p,1,(4ab—1,,%) 
8(4abc—cl,?—al,*) 

a being=/,+-/2, d=h+h, cH +h. 


2. Shearing Strains. 
The moments at the piers being known, we have : 
Mt 
= h—T 
Wig — fb , 
¥; =}p4—-2—— r'o=11 —Pals 
ls 





, 
4 


1=%o— Pa 


+ (D) 


t's=% — Pals 





r'4=ts=paly 
a 


3. Reaction at the Piers. 
0=FTo 

Q 1=T\— 

Q: =F 


T 


v') 

rs (E) 

3 —T3— - 

Q=r's J 
4 moments on the spans. 

First span #=$p, Xa? —Tor (1) 
Second span “= 4p2 X x? —rw-+/, (2) 
Third span “=$ps X 2? — ¢2t+/4e (3) 
Fourth span #=$ps X z?—+7,2 +75 (4) 

x represents for each span a point taken at the left 

extremity of the span. 


HyPotHeses. 

There are six hypotheses which give the maximum 
bending moments at the spans and at the piers. 

1. The 1st span alone being loaded gives the 
maximum bending moment on that span. 

2. The 2nd span alone being loaded 
maximum bending moment on that span, 

3. The 4th span alone being loaded 
maximum bending moment on that span. 

4. The two first spans being alone loaded give the 
maximum bending moment at the first pier. 

5. The 2nd and 3rd spans being loaded give the 
maximum bending moment at the second pier. 

6. The 3rd and 4th spans being loaded give the 
maximum bending moment at the third pier. 

As the third span is very short, it is unnecessary to 
investigate its maximum bending moment, which is 
much less than the moment of resistance of the central 
section of the girders. This will be apparent in the 
calculations which follow for the maximum bending 
moment of the second span, which moment, although 
this span is much larger than the third, is less than 
gma of resistance of the central section of the 
girder. 


gives the 


gives the 


Intermediate Girder, No. 9. 
4 Spans. 
The lengths of the spans are: 
/2=25.00m., 4s=10.40m., 244=31.00m, 
We have therefore : 
a=1,+/,=30.00+25.00=55.00m. 
b=1.+13=25.00+10.40=35.40m. 
e=l, +/,=10.40+431,00=41.40m. 
Substituting these values in the general formule A, 
B, C, we obtain the values of the coefficients p, po ps 
Of pi Po ps My 
on 155360160p14-57563750p2—2036003.84p3+-7745660p,4 
2324796 


4, = 30.00m. 





@) 


Pe= 
—27945000pi+5498437 5p2+-4479208.45ps- 17040452p, 


1162398 (2) 





Hs 7020000p1—13812500p2-+6770556.42ps-+ 2189929 88p4_ 4) 
2324796 
Having determined these coefficients we proceed to 
investigate the maximum bending moments, using the 
six above-named hypotheses. 


First Hypothesis, 
First span alone loaded: p,=8850, p,=9360, 
Ps=9360, py=—6810. 
These values substituted in equation (1) for “, give 
hy = 837676. 
The shearing strain + for which the general for- 
mula is : 





to=$ pi = 





aabe =f 
is t=4 850x30—=S/T1° = 104898, 


Maximum bending moment substituting the values 
of #4, and tin formula (1) for the moments in the 
lst span, the equation obtained is 

(o=} 88502*— 104828 

The abscissa (z,) being that of the greatest bending 

104828 
8850 
in the first span, and by the first hypothesis, it is 
p=} 8850X11.842— 104828 x 11.84= — 620844, 
Second Hypothesis. 

Second span loaded.—p,;=6810; p.=11400; 
Ps=9360; p,s=6810. Substituting these values in 
equations (1) and (2), we have »,;=751860 and 
Pg = 311767. 


moment, we have 71> =11.84,and consequently 


Shearing Strain. 
By substitution in the general formula (D) 


Hig — [te 
= 4ale- (eS 


we have, 
311767 — 751860 _ 460104, 
25 


r1=}.11400x25— 





Maximum Bending Moment. 


From the general equation (2), 
bhpor? —Te + hy 
we have : =} 114002?—1601042+ 
160104 
71400 14.04. 
And the value of the moment : 
= 4 11400 x 14.04* — 160104 x 14.04 + 751860= 


— 372407. 


751860 ; 


the abscissa 7, = 


Third Hypothesis. 
Fourth span loaded.—p, =6810; p,=9360; p,= 
9360 ; py=8850. Substituting these values in the 
equation (3), we have: #3 = 804555. 


55: 
Shearing strain t=} 8860X31-+ 2 = 163128, 


31 
Maximum bending moment.—p = $ 8850 z? — 163128 


Q1¢ 
2+804555, we have n= =18.42; and for the 
maximum bending moment u=4$8850 x 18.42?— 162128 
X 18.424 80455 = — 698876. 

Fourth Hypothesis. 


First and second spans, being loaded.—p, =8850 ; 
2=11400; ps=9360; py=6810. Substituting these 


Pp 
values in the equations (1) and (2), we have »,= 


888190 ; and p, =262723. 
Shearing Strains. 


a 8850x30— "5" — 103144 


2723 —888190 
r= $1140 x ee 8190 


tr’, =103144—8850 x 30= — 162356 
Reaction Q1 = 167519 + 162356—329875 
Maximum Bending Moment. 
* 103144 
First span.—“=} 88502?— 1031442; 2l= 5550 


=11.65, and “=} 8850X11.65*—103144 x 11.65= 
601056. 


= 167519 


Second Span. 
167519 
= 114002°—1675192+888190 ; 22 _ F779 = 
14.70, and #=$11400 x 14.70° — 16751 x 914.70+ 
888190 =342626. 
Fifth Hypothesis. 


Second and third spans loaded.—p, =6810; p,= 
11400; ps=11400; p,=6810. Substituting these 
values in the equations 1,2, 3, we have #, =750073; 
,=319627 ; #3=611122. 


Shearing Strains, 
=}11400x 295 — 310697 — 15007? =159718 


611122 —319627 _ 9) 959 
10.40 


=} 11400 x 1040— 


21 =159718—285000 
Maximum Bending Moments. 
Second Span. 
=$ 114002?—1597182+750078 ; 
and ze = = 1401 ; 
and / is, therefore, =4 11400 x 14.017 — 159718 x 
14.01 +750073= — 368780. 
Third Span. 
es 114002*—312522+319627 ; 
31252 “ 
and 7, => =~, =2..74; 
therefore, w=} 11400 x 2,742 31252 x 2.744 319627 
= +276790, 


— 125282 
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Sixth Hypothesis. 

Third and fourth spans loaded. —p, = 6810; 
po=9360 ; p,=11400; py=8850. Substituting these 
yalues in equations (2) and (3), we have: #2=193224; 
#,=810494. 

Shearing Strains. 


0494 — 19399: 
r=} 11400x10,40— 810494— 198994 


10.40 
8104.94. 
__— QF —— a a ‘ 
7,=3 8850 x 31+ 3] =163320 


—73—11400 x 10.40= —118633. 


Reaction at the Third Pier. 
Q,=163320+118633= 281953. 


Maximum Bending Moments. 
Third Span. 
=} 114002? +73 + 193224 ; 
i i ott ce 
*=-Ta0 0.0064 ; 
therefore, “= 11400 x 0.00642—73 x 0.0064 -+193224 
= 193224. 


—73 


¢ i. 
i= 


Fourth Span. 


w=} 8850= 18452 — 163320 x 18.45 +810494. 
Arranging the preceding results in a tabular form, 
we have : 


First Hypothesis —First Span alone Loaded. 


























Abscissa of ; Maximum Mo- 
yy gg Shearing. Maximum ment on 
ee Moment. First Span, 
ph | 0 at 
837676 104828 11.84 —620844 
Second Hypothesis Second Span Loaded. 
Maximum 
1 2 gl 2 Moment 
“ “ . 2 Second Span. 
751860 | 311767 160104 14.04 —372407 
Third Hypothesis —Fourth Span Loaded. 
Maximum 
ps 73 2 Moment 
Third Span. 
804555 163128 18.42 —698876 
Fourth Hypothesis —First and Second Spans Loaded. 
Max. nem 
Mome |} 
we | we [cy | ot | ory | ot | Moment] 9 [Moment 
Span. | Span. 
888193 262723 | 103144 167519 !—162356 | 11.65 '—=601056| 14.7 |—-342626 








Fifth Hypothesis, 














| |Maximum Maximum 

ful (2 ps r} r? t gr? on 2 = ¥ 
| Span. Span. 

730073 |319627 611122! 159718] + 31252 |—125282| 14,01 | —368780 | 2.74] +276790 


Sizth Hypothesis —Thura and Fourth Spans Loaded. 




















| | Max. | Max. 
» |Moment Moment 
[2 3 \- e ‘ wad 4 
fa he | ', | 2 | third | 2 | 'Pourth 
Span, Span. 
193224'810494 | ~73!163320'—118633!—ov64! +.199224! 18.45 !~696479 


The parabolic curves represent the bending moments 
on the spans, and the piers produced according to the 
different hypotheses can be described from the above 
Values. We will take girder No. 9 (diagram) as an exam- 
ple to show how the parabolic curves corresponding to 
the six hypotheses may be described by the above tables. 

: : First Hypothesis. 

For this hypothesis we have only to construct one 
Parabola for the bending moments of the first span. 

_ Now the first table gives us for the maximum bend- 

Mg moments of first span: 

4= —620844 ; 

and for the distance to the point A (diagram) : 
a=11.84. 

The position of the vertex is therefore known. The 
Position of the two points at the extremities of the 
on also known, because for z=o we have p=0, 

is, the parabola passes through that point, and for 


\\ 


N 


«2=30 m. we have p=, which by the table=837676. 
Transferring this value by means of any convenient 
scale to a diagram, we have all that is necessary given 
to complete the parabola representing the bending 
moments. 





Sections of the Girders and Maximum Strains. 
Centre Span.—Figs. 9, 10, 11. 
Moment of inertia I=.075667772 and > = .071382 
ae # aaa = 372407; therefore the strain 
37240 ‘ . 
= 071389 = 9-217 kil, per mil. 
Right-hand Span. 





Bending moment 620844and strain = 620844 _ 5.547 
111915 
kil. per mil. 
Skew Span. 
698876 


Bending moment 698876 .and strain= 
=5.858 kil. per mil. 
Right-hand Pier. 
Bending moment 888190 and strain= 
=5.566 kil. per mil. 
Right-hand side of Wedge-shaped Pier. 


888190 
1595619 


; : 319627 
Doing moment 319627 and strain=—~ 9564867 
= 5.658 kil. per mil. 
Skew Side of Wedge-shaped Pier. 
Bending moment: 810494 and delanemias 
~ 1447978 


=5.597 kil. per mil. 

We have given the preceding detailed calculations 
more with the view of exhibiting the method actually 
adopted in the particular case under consideration, 
than with the idea of advancing another system of 
investigation, likely to prove more convenient and 
easy of adaptation than those most in vogue amongst 
ourselves. On the contrary, we think there are several 
methods less laborious and more exact; amongst 
which we may mention the very elegant formule de- 
duced by Mr. Heppel, and based chiefly on the theory 
of couples. By keeping the two portions of the pressure 
on each pier arising from the portions of the girders on 
either side of it always distinct, great simplicity re- 
sults ;:so that some three or four short formule are 
sufficient to enable us to ascertain the value of one of 
the pressures, and so, by forming a set of equations 
between each consecutive span, we are enabled to de- 
termine all the conditions of a continuous girder of any 
length, with equal or unequal spans, cross-sections, or 
loads, and with equal facility in all instances, whether 
the normal position of the girder be straight or whether 
an initial strain be brought on the flanges, as was the 
case with the Britannia tubes. In fact, once knowing 
the pressure transmitted to the pier at either end of a 
girder, all the conditions as to deflexion, strain, &c., 
are as easily determined as if it were an independent 
span. 

We have found it extremely convenient in practice 
to adopt an almost purely geometrical method of in- 
vestigation, in order to arrive at the required number 
of plates in continuous girders. Now that railways 
are carried through the most valuable property in 
cities, where the ground over the line must be utilised 
for ordinary building purposes, or for warehouses, it is 





not at all unusual to have to deal with a large number 





Y 


of continuous girders of irregular spans, and in such 
instances it would be an almost comans task to com- 
ute the various sections numerically ; whereas, by the 
udicious use of diagrams, before many spans have 

en completed, the eye becomes so educated to the 
work that the various curves of moments may be 
sketched in, by mere inspection, with a degree of ac- 
curacy which would astonish those not familiar with 
this mode of procedure. It is, indeed, impossible by 
this method to commit any such gross error as might 
easily arise from a clerical error in any of the numerous 
aan involved in other systems. 

The versed sine of any arc on a given chord being in- 
versely proportional to the diameter —theversed sine, we 
may, if thelatterbebutasmall proportion of the diameter, 
assume that it will vary inversely as the radius, and 
within the same limits we may also assume that with a 
given radius the versed sine will be as the chord?. We 
may therefore adopt an ordinary curve to describe the 
curve of moments for a distributed load; and should 
the loads per foot run on the different spans of a con- 
tinuous girder be unequal, the radius for each span 
would be inversely proportional to the respective loads 
per foot. Again, with an uniform strain per unit of 
area on the flanges of a girder of uniform depth, the 
alteration of length would be constant per unit of 
measurement, and, consequently, the deflexion curve 
would be a portion of a circle, the radius of which 
would vary directly as the depth and inversely as the 
strain per square inch. Should the strain not be uniform 
throughout the length of the girder, the radius would, 
theoretically, be constantly varying ; but an inspection 
of the plotted observed deflexions of girders under 
testing loads will be sufficient to satisfy any one that 
a mean curve may be safely adopted to represent the 
general effect. 

Knowing these facts, we need not be surprised to 
find how many of the conditions of a continuous girder 
are ascertainable by the simple application of a single 
curve. Thus, in a perfectly continuous girder of uni- 


form depth, with an uniform load per foot, and strain 
per square inch, we have the radius of the deflexion 
curve for the overhanging portions at the piers equal 
to that at the central — and, consequently, the 

length, and the points of con- 


curves will be of equ 








trary flexure will be } the span from the respective 
piers. Drawing these curves to any convenient scale 
on a diagram (B), and adopting the same radius for the 
curve of moments, it is only necessary to draw a 
horizontal line through the points of contrary flexure, 
when the change of the direction of the strain takes 
place, to be informed of the following conditions : 

In the first place, the strain at the. centre of the 
span, if independent, being represented by ad, that 
over the piers and at the centre of the continuous 
girder will be represented by éd and ab respectively, 
by scale we should find the amounts to be four for 
the independent girder, three over the pier, and 
one at the centre of the continuous girder. In 
the second place, the deflexion of the independent 
girder being represented by ad, that of the continuous 
girder would be represented by ac—that is, the de- 
flexion of the continuous girder would, with the same 
strain per square inch, be one-half that of the inde- 
pendent. Again, since the length of the centre portion 
is equal to the sum of the two lengths next the piers, 
a little consideration will show us that the most eco- 
nomical positions for the points of contrary flexure are 
obtained; for, as the quantity of metal required in the 
flange is represented by the shaded portions of the 

iagram, itis shown that shifting the points of contrary 
flexure to or from the pier—involving a corresponding 

(Continued on page 314.) 
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BRIDGE UNDER THE PLACE DE L’EUROPE, PARIS. 
CONSTRUCTING FROM THE DESIGNS OF M, CLERC, ENGINEER TO THE CHEMIN DE FER DE L’OUEST. 
(Referred to in Page 310.) 
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(Continued from page 311.) 

raising or lowering of the horizontal line—would, in 
either case, add a lamina of metal of greater length 
than that taken away. The gross area of the shaded 
portions being 12, whilst that included in the larger 
segment is 32, we know that the quantities of metal 
required for the flanges of the continuous and inde- 
pendent girders respectively will vary in the same 
ratio. Had the strain per square inch at the centre 
been $ that over the piers, the position of the points 
of contrary flexure would have been obtained in an 
equally sim ale manner by adopting a deflexion curve 
of double the radius for the centre portion; and had 
the depth at the piers been, at the same time, 
double that at the centre (the subject of a patent by 
Mr. Barlow), the curves would have remained un- 
altered, and, consequently, the points of contrary 
flexure would have retained their former economical 
position. By similar easy methods, we could obtain 
all the conditions of a series of spans under equal or 
unequal loads, and with equal or unequal strains per 
square inch 

Cross Girders (Fig. 14).—4.648 m. span ; depth, .6 m. 
Maximum dead load, 3200 kil. The worst case of the 
live load is when two wheels of a carriage, 1.7 m. 
centres, and loaded with 10,000 kil. (10 tons), are 
placed symmetrically with respect to the centre of the 
cross-girder. The equivalent load in the centre being 
6335 kil., the moment will be“ =/( a x 3200 x 4.638") 

Sees P ra ss 
+( is x 6335 x 4.638 )=12679. The moment of 
inertia of the section being .000716, the strain per 
square mil. will be 5.5 kil. 

Rollers and Bedplates.—The four face girders are 
fixed on the piers, but rest on steel rollers on the 
abutments. These rollers are different in number in 
proportion to the load, but im all instances they are 
.08 m. diameter (34 in.), and work between two plates, 
one fixed to the girder and another to the abutment. 
To determine the crushing strain on the rollers, it is 
assumed that the surface in contact between the rollers 
and plate is one degree. Since the rollers are .08 m. 
diameter, this would amount to .000698 square metres 
per metre run. On this basis the rollers are determined 
for each girder; the strain ranging from 12.7 to 
14.38 kil. per square mil. The maximum pressure on the 
ground is 3.5 kil. per square centimetre (34 tons per 
square foot). 

The different types of girders, and other details of 
the bridge at the Place de Europe, have now been 
reviewed ; and we think the subject has in many points 
proved interesting and suggestive. The illustrations 
given this week are as follows: Independent face 
girder at the Rue de Vienne, Figs. 1 to 8; inter- 
mediate continuous girders, Figs. 9, 10, 11; details of 
parapet, Figs. 12 and 13; general cross sections, Figs. 
14, 15, 16. 

It may not be generally known that there is at the 
present time a work of somewhat similar character, of 
which Mr. Fowler is the engineer, in progress on the 
site of the old Smithfield Bars. The whole basement 
of the new City Meat Market—625 ft. by 240 ft.—and 
portions of the 60 ft. road surrounding it will be 
occupied for railway purposes, and, consequently, the 
floor of the market and portions of the road must be 
carried on columns and girders. The general arrange- 
ment of the railway lines, docks, &c., render the 
adoption of about 30 ft. centres for the columns 
advisable ; the main girders, about 246 ft. long, are 
therefore spaced at those intervals, and supported 
on wrought-iron columns, averaging about 30 ft., but 
varying between the limits of 5 ft. and 60 ft. centres. 
The floor of the market is carried on brick arches 
springing from the bottom flanges of cross girders 
2 ft. 6 in, deep, and about 300 ft. long, resting at 
7 ft. 6 in. intervals on the main girders, which vary 
from 3 ft. to 6 ft. in deep. Access for wagons to the 
rail level—about 24 ft. below the surrounding road— 
is provided for by means o; a winding road descending 
at a maximum gradient of 1 in 24. Comparing the work 
at the Place de Europe with that at Smithfield,’ on 
the basis of the area to be covered, and the load to be 
carried, we find that whilst in the former case, in round 
numbers, the area is 82,000 square feet, and the total 
load 12,000 tons, in the latter the respective amounts 
are 165,000 square feet and 46,000 tons. 


Tue Bessemer Process iy America.—The Pennsyl- 
vania Steel Company’s works at Harrisburg were planned by 
Mr. Butcher, of Sheffield. The converters are by Messrs. W. 
and J, Galloway and Sons, of Manchester, and the hammers by 
Messrs. Thwaites and Carbutt, of Bradford. These works are 
intended to be extended until they become “the Krupp’s of 
America,” as it has been expressed to us. 





THE WATER-JET PROPELLER. 


Tue data of the recent experimental trip of the 
Waterwitch, although not complete, are sufficiently so 
to show a great waste of power in Mr. Ruthven’s 
system of jet propulsion. It is, indeed, probable, and 
nearly demonstrable, that of the 750 horse power indi- 
cated on Friday, less than one-fourth was actually 
utilised in propelling the ship. The action of jets 
admits of very close investigation when the size of the 
orifices, the velocity of outflow, and what may be 
termed the velocity of reaction are given. In the case 
of the Waterwitch, she is reported to have two jets, 
each of which, although not circular in form, is equal 
in area to a circle 2 ft. in diameter, the area of both 
nozzles being 6.28 square feet. If we, for the moment, 
disregard friction and all deductions whatsoever for 
losses of any kind, we can easily find what county 
and velocity of sea-water would be maintained through 
these jets with 750 horse power. Taking sea-water to 
weigh 641b. per cubic foot, we shall have 15,260 cubic 
feet, nearly, per minute, discharged with a velocity of 
about 404 ft. per second, this velocity corresponding 
to a height of 253 ft. For to impart to water a motion 
in any direction, horizontal or vertical, of 404 ft. per 
second is equal to lifting it to a height of 254 ft., and 
to lift 15,260 cubic feet of sea-water per minute to a 
height of 254 ft. requires, irrespective of all losses, 
about 750 indicated horse power. The size of the 
nozzles being fixed, there is but one quantity of water, 
and, therefore, but one velocity of discharge, which 
would exactly work up a given horse power. Know- 
ing, therefore, the effluent velocity, we easily find 
the “head” of water corresponding to, or generating, 
that velocity; and, knowing the head, it is easy 
to find the pressure within the jet. The peoees of a 
column of sea-water 254 ft. high is 114 1b. per square 
inches, and on the 904 square inches of the two 
jets this would amount to a total propelling force of 
10,245 lb. The real pressure urging the vessel for- 
ward was, as we shall presently see, very considerably 
less than this, as so far we have made no deductions 
whatever for loss of effect by friction, &c., either in the 
engines or water-passages. Resting for a moment 
with the quantities already obtained, the whole power 
would be utilised only when the vessel moved forward 
at the same rate as the effluent velocity of the jets, 
viz., 404 ft. per second, or 24 knots (of 6076 ft. each) 
per hour. For the power is running away, so to speak, 
as the cube of the velocity of the jets, while the power 
utilised can only be as the cube of the velocity of tlie 
vessel, the pressure acting to drive the ship being, of 
course, as the square of the velocity of the jet, thus 
leaving the proportion of the power utilised to that ex- 
senied in the simple ratio of the velocity of the ship 
to that of the jets. For the water pressure within the 
passages leading to the jets is necessarily the same 
ahead and astern, while the work expended in one 
direction, and that usefully exerted in the other, must 
necessarily be as this pressure multiplied into the re- 
spective rates of motion in a unit of time. Now, the 
Waterwitch, so far from moving at the rate of 24 knots 
yer hour, or 40}ft. per second, went at 9 knots an 
con or 15.19 ft. per second, and hence in any case 
nearly two-thirds of the power would appear to have 
been wasted. 

But we cannot proceed upon the presumption that no 
ower was lost in the friction of the engine, nor in the 
liens centrifugat pump, nor in the friction of water in 
the passages, &c. Under all the circumstances, we 
cannot, as practical men, allow for the work actually 
done, in ejecting the jets, more than one-half that in- 
dicated upon the engine pistons. In other words, the 
weight of water actually delivered would not, when 
multiplied into the height to which its effluent velocity 
would carry it, amount to more than one-half of the 
total number of foot-pounds corresponding to the 750 
horse power actually indicated. We doubt even if 
this dienens for loss is sufficient ; for the 14 ft. cen- 
trifugal pump is one of the very worst form, having 
nearly radial blades, while the rate of motion to be im- 
parted to the water is very great, and attended there- 
fore with great friction. Lf, however, we throw off one- 
half only of the indicated power for all losses in the 
engines, centrifugal pump, and water passages, the cor- 
responding quantity of water discharged through the 
two jets would be nearly 12,120 cubic feet per minute, 
at an effluent velocity of 32 ft. per second. This quan- 
tity of water multiplied into the height to which its 
velocity of discharge would carry it, viz. 16 ft., would 
correspond very closely to 12,375,000 foot-pounds per 
minute, or 375 indicated horse power. ‘The size of 
the jets remaining unaltered, no greater or less quan- 
tity could pass, at a greater or less velocity, to corre- 
spond to the 375 horse power. Now a velocity of 





32 ft. per second, corresponding to a head of 16 ft, of 
sea-water, pressing with a force of 7 lb. per square 
inch, aad and astern, is more than twice the actual 
rate attained by the vessel, its rate having been 
15.19 ft. per second. Hence after first throwing off 
one-half of the total engine power as lost in friction 
&c., we find that more than one-half of the remaining 
half was lost by reason of the inefficiency of the action 
of the jets. 

Exception may be taken, however, to this mode of 
calculation, because it does not allow for the diminished 
coefficient of discharge, as compared with the discharge 
theoretically due to a given water pressure within the 
jet pipe. ‘Thus, while the water is actually running 
out at a velocity of, say, 32 ft. per second, correspond. 
ing in theory to a head of 16ft., and therefore toa 
pressure of 7 lb. per square inch, the real pressure 
within the jet-pipe may be much higher, say 9 1b. or 
101b., and thus the driving force upon the ship so much 
greater. It is here that more complete data are want- 
ing. Thus the pressure, as determined by a gauge on 
the jet-pipe, and the velocity of discharge, if that could 
be accurately obtained by a velocimeter, would enable 
us to ascertain exactly the proportion of power 
utilised. But it will be seen, upon reflection, that 
whatever may be deducted for the diminished coeffi- 
cient of discharge comes off the “duty” of the 
pump, and must form a further deduction beyond 
any we have yet made, although it is com. 
pensated by the superior pressure and consequently 
increased speed of the vessel, as compared with that 
theoretically due to the actual velocity of discharge, 
We can best make this clear by referrmg back to the 
case already gone over. We have there made an 
allowance founded upon the knowledge and experience 
of hydraulic engineers—our own in common with 
others—for the combined loss from the friction of the 
engine, friction in pipes, and loss of effect in the pump, 
this allowance bemg one-half of the total indicated 
horse-power. This includes no allowance for the 
coeflicient of discharge as compared with that theo- 
retically due to the pressure in the jet-pipe. Let us, 
however, now suppose that the sland discharge is 
but three-fourths that theoretically due to the head, 
And whether this or any other proportion be taken, 
we shall find, on trial, that the final result is the same. 
The theoretical velocity, after allowing, as we have 
done, for friction, &c., was 32 ft. per second, and three- 
fourths of this is 24 ft. per second, so that the reduced 
rate of discharge through the two jets would give 
a delivery of about 9090 cubic feet per minute, and as 
the effluent velocity is but 24 ft. per second, this would 
carry the water, iz vacuo, to a height of 9 ft., and is 
therefore equal to lifting it to that height. But this 
lift represents but (9090 cubic feet x 64 lb. per cubic 
foot x9 ft. high) 5,235,840 foot-pounds per minute, 
and therefore but 158} actual horse power of work 
expended on the jets, whereas 750 was indicated 
upon the pistons. The pressure within the jet-pipe, 
acting to drive the mel ahead, would still be 7 lb. 
per square inch, and at the speed attained on Friday’s 
trial, this would amount to about 175 horse power 
actually utilised in propulsion, being still less than one- 
fourth that panied upon the pistons of the engines. 
And whether, after throwing off the first allowance of 
one-half for friction, &c., the pump (which we need 
hardly say is not a“ turbine,” either in its construction 
or action) gave the full discharge due to the pressure 
within the jet-pipe, and thus imparted 375 horse 
power to the jets, or whether it gave a less discharge 
than that due to the pressure within the jet-pipes, and 
thus imparted less horse power to the jets, the driving 
power upon the vessel would be the same in either 
case, and would amount, in the case of Friday’s trial, 
to but 175 horse power out of more than four tunes 
that amount of power indicated by the engines. 

But we are told the Waterwitch has gone nine knots 
an hour, and has done as well as a twin-screw gunboat 
of the same size and form, called the Viper. We know 
nothing of the latter vessel, nor is she the Viper, of 
477 tons, which appears in the last Admiralty tables of 
steam trials. If the twin-screw Viper has done no 
better than the Waterwitch, she is indeed a poor affair, 
supposing the dimensions, power, &c., to be the same. 
On her trial last Friday the Waterwitch, which is a 
badly shaped vessel, 162 ft. long and 32 ft. beam, had 
a mean pic of 9 ft. 9 in., an immersed midship 
section of 302 square feet, and a displacement of 
1062 tons. With 750 indicated horse power, she 
went nine knots, giving a coefficient, by the midship 
formula, of 2934, and by the displacement formula, of 
101. We are not about to deny that even worse pet- 
formances by very small screw vessels have been re- 
corded; but we may compare the results obtained from 
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the Waterwitch with the recorded performances of 
other vessels of nearly the same size. The , general 
comparison is in this case against the Waterwitch, 
although not in all cases so much against her as to 
warrant the conclusion that the jet system has proved 


a decided failure. 
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1 5 |Bal]¢ Be 
~ Name of | % Beam 29 as $ $3 Speed. 

Vessel | a "| S82 ee =2 = ° 

} 3 A a a es 

| ll in. 
| ft, | ft im| ft in.| sq. ft.| tons. knots. 

Waterwiteh | 162 | 82 0 | 9 9 } 802 | 1062] 750} 9. 

Rovalist......} 160° }:30 4§)] 14-0 | 302} 918 | 627 | 9.269 
Rapid........| 160 | 30 4 | 13 10 293 | 894 | 505] 8.888 
Harrier 160 | 3110 | 14 4 | 850} 1047] 360] 832 
Faw? .ecesseee 160 | 3110 | 1811¢]} 330] 1004 | 374 | 8578 
Cruiser 31 10.| 13 64] 332] 1007 | 132 | 6.608 
Columbine ..! 30 4 | 13102 | 295] 889] 598 | 9.504 
Alert .. 8111 | 14 02 | 333] 1013] 383] 8.786 
Shearwé 30 4 | 13 9 | 291] 885} 532] 8.957 
Fox... | 1592 | 40 4 | 16 a4 449 | 1340 | 741] 9.325 
Rinaldo......| 185 | 38 2 | 14 7 367 | 1286 | 752 | 10.588 
Serpent 185} 28 4 | 11 4 | 254] 840} 692] 9.724 
Rattler ...... 185 | 33 2 | 14 5§| 360 | 1262] 784 | 10.256 
Chanticleer | 185 | 33 2 | 33 103 | 343 | 1185 | 701 | 10.01 








We might extend this list to other vessels and to 
other trials of the same véssels, but we have chosen 
those in which the midship section was nearest, to that 
of the Waterwitch. Considering that the speeds are, 
roughly, about as the cube root only of the power, we 
think there can be no doubt, apart from the theoretical 
examination we have made, that the Waterwitch, 
although it may have done better than was expected, 
has nevertheless given but a very poor result. Mr. 
Phipps, who has arrived at the same conclusion, by a 
different mode of reasoning, has written us a letter, 
which appears on page 322, and which is worthy the 
attention of our readers. 








THE BREAKING OF RAILWAY AXLES. 
To THe Epitor oF ENGINEERING. 


Smr,—The following extract from an official :paper 
issued by the Association of German Railways, on 
broken axles in 1865, may be interesting : 

The returns are from twenty-three railway companies, 
and give a total number of 153 breakages, besides 40 
cases discovered before complete breakage occurred. 

Of these 153 cases, 34 happened in September, 
October, November; 45 in December, January, 
February ; 36 in March, April, May ; 38 in June, July, 
August. 

he average time of use before breakage was 9 years 
11 months. ; 

The longest time was 21 years 4 months. 

The shortest, only 5 months. 

The average mileage was 104,780 English miles. 

The greatest o 332,580 mm 
The axles were : 


In 17 cases, of cast steel, and ranan Eng. miles 

average of .., ops | Ome 

cast steel (hardened) ... 93,339 

46 ,,  wroughtiron(hammered) 114,575 

38 ,, wrought iron (rolled) 103,311 
48 ,, wrought iron (not stated 
whether rolled or ham- 

mered) 6s ee 131,918 

io hollow axles coe 90,258 


The consequences of the breakages were : 

In 5 cases the carriage or wagon got off the line, 
without any damage. 

In 37 cases the carriage was more or less d. 

In 9 cases several carriages were damaged, including 
one case where 19 carriages were injured. 

No lives were lost. 

98 cases happened with trains at full speed. 

16 cases near stations, i.e., at low speed. 
_ 24 cases were found out during the stoppage of trains 
in stations, 

15 cases occurred during shunting. 

e probable cause of breakage was : 

In 17 cases bad workmanship of axle. 

In32 ,, bad material. 


In21 ,, bad design. 

In 6 ,, overloading. 

In10 ,,_ want of grease or oil. 

In 46 ,, too long use. 

In 3 ,, breakage of another axle, 


I am, Sir, yours truly, 
Henry Smuvon. 
7, St. Peter’s-square, Manchester, 
October 23, 1866, 








BIRKENHEAD.—Since 1858 no less than 2,781,423. h 
been expended in dock works at Bickenhesd. ee BRE 





H.M.S. WATERWITCH. 


~ In the preceding columns we give an analysis of the 
results obtained, during her trial on Friday last, by H.M.S. 
Waterwitch, a steam sloop fitted with Ruthven’s hydraulic 
propeller, and we propose now to describe the machinery with 
which the vessel is fitted. A general account of the Waterwitch 
and her propelling machinery appeared in this journal some 
months ago (vide ENGINEERING, vol. i., page 407), but 
the engravings which we now publish on page 316 will enable us 
to make the present description a more complete one. The 
Waterwitch was designed by Mr. E. J. d, and, as we 
stated in our former notice, she has been bpilt by the Thames 
Ironworks and Shipbuilding Company, Her tonnage is 778 tons 
measurement, her length being 162 ft., her breadth 382 ft., 
and her depth 13 ft. 9in. She has a flat bottom, and is 
double-ended, each end being fitted with a rudder. She 
is armour-plated, for a length of about 60 ft. amidships, 
with 43 in. plates, placed upon 10 in, teak backing, this 
armour-plating extending from dbout 3 ft. below to 4 ft. 
above the water-line; and at the forward and aft end of this 
central armour-plated portion, armour-plated bulkheads are 
carried across the vessel, that at the after end reaching only as 
far as the upper deck, whilst that at the forward end extends 
5 ft. 6 in. above it. ‘This forward bulkhead is furnished with 

rts, so that guns may be pointed through it ina line with the 
eel and fired over the upper deck, the vessel being thus capable 
of being fought end on. 

The propelling machinery was constructed by Messrs. J. and 
W. Dudgeon, according to the plans of Mr. Ruthven, and its 
atrangement is clearly shown in the illustrations on page 316. 
It consists of a set of three-cylinder condensing engines driving 
a centrifugal pump, by which the water is supplied to the jets 
which form the propelling power. © Four parallel passages, made 
of boiler-plates and angle-irons, conduct the water to the centri- 
fugal pump, the water being admitted into these passages 
through a number of gill-like openings formed in the forepart 
of the bottom of the vessel. These openings, which are very 
close together, were formed by ,cutting a number of transverse 
slits in the bottom plates, and then “dishing” up the metal 
between them; the amount that the plates are dished or bulged 
upwards increasing from the afterside of each slit, to the fore- 
side of the one abaft of it. In this manner there are formed a 
number of openings of a segmental shape, the arched top of 
each being formed by the dished plate, and the lower or straight 
edge by the unbent portion of that part of the plate which is 
dished to form the next opening. The plates in which the 
openings are formed are of Lowmoor iron. ‘Ihe parallel passages 
leading from the openings to the pump are each 3 ft. 14 in. wide 
by 1 ft. 113 in. deep in the clear, and they are each fitted with 
a sluice-valve by which the amount of water admitted can be 
regulated. The two outside passages are also fitted with sluice- 
valves, by means of which they can be placed in communication 
with the bilge, so as to draw their supply of water from it if 
necessary. Under the centrifugal pump the waterways are 
curved round in a spiral form, and their ends are furnished with 
inclines, which assist in conducting the water smoothly up to 
the wheel of the centrifugal pump. ‘“ 











The shape of the centrifugal pump in vertical section is 
shown in Fig. 1. The revolving wheel, of which a plan is 
given in Fig. 3, is 14 ft. in diameter at the top and 14 ft. 3 in. 
in diameter at the largest part, and it has twelve arms, 
these arms which curve both upwards and outwards, being 
secured by their edges to conical dises which form the upper 
and lower faces of the wheel. The water is guided by the 
waterways to a central opening at the underside of the wheel, 
and being raised by the action of the latter, is delivered into a 
cast-iron casing within which the wheel revolves. The lower 
central opening of the wheel is 6 ft. in diameter, and the annular 
opening through which the water is discharged is 1 ft. 10} in. 
deep, whilst the total depth of the wheel is 4ft. 8}in. The 
wheel is made of wrought-iron plates and angle irons. From 
the wheel-case the water is conducted through two copper pipes, 
which leave the case tangentially, and are led with a spiral 
curve to the jets at the side of the vessel, as shown in Fig. 2. 
The arrangement employed for directing the jets, either back- 
ward or forward, consists of a large two-way cock placed at 
each side of the vessel just within the delivering nozzles, and by 
turning these cocks the water can be delivered through either 
the forward or aft nozzles, or through one forward and one aft 
nozzle at pleasure. The cocks can be worked from the deck 
level by means of suitable gearing. The delivering nozzles, 
which are situated close to the water line, are of brass, and are 

rotected by armour-plating, Their size is 2 ft. 1 in. by 1 ft. 
Pin. and their corners being rounded, their area is equal to 
that of a circle 2 ft. in diameter, or about 452 square inches, 

The engines first designed for driving the pump had two cylin- 
ders, each 44 in. in diameter with 4 ft. perciee 3 but this design 





was departed from, and the three cylinder arrangement, shown 
in Figs. 1 and 2, adopted. The three-cylinders, which are each 
384 in. in diameter with a stroke of 3 ft.6in., are placed hori- 
zontally, and are arranged so that. their centre lines form angles of 
120° with each other. Each crosshead works on a single slide 
placed on one side of it, and the three connecting rods are all 
coupled to a single crank formed on the vertical shaft of the re- 
volving wheel. ‘The arrangement -of the bearings of the shaft 
just mentioned is shown’ in Fig. 1, from which it will be seen 
that each of the journals of the shaft is furnished with a series 
of collars like the thrust bearing of a serew-shaft, these collars 
supporting the weight of the! wheel, and resisting the downward 
pull caused by the action of the wheel upon the water. In Figs. 
1 and 2 there is also shown the arrangement of the framing by 
which the bearings are supported, as well as the connexions be- 
tween that framing and the cylinders, 

The slide valves are of the ordinary double-ported kind, and 
are contained in valve chests placed above the cylinders. They 
have lin. lap and }in. lead, aud are all driven by a single ec- 
centric of 3 in. throw, placed on the vertical shaft above the 
crank, The eccentric rods are coupled direct to the valve spin- 
dles, there being no expansion’ gear, and, reversing gear not 
being required, as the engines are always run in one direction, 
The cylinder steam ports are 27 in, by iy, in,, and the exhaust 
ports 27 in. by 43in. The engines have ordinary injection con- 
densers, these being placed by the side of the cylinders as shown 
in Fig. 2. ‘The air-pumps, which are 18 in. in diameter with a 
stroke of 1 ft,.9 in., are double acting, and are.also placed by the 
side of the cylinders, each air-pump being driyen by means of a 
lever, the longer arm of which is connected by links to the cross- 
head of the corresponding cylinder. The. ay-pump valves are 
of india-rubber. The feed pumps are conveniently arranged in 
front of the air-pumps, the plunger of eaek feed pump being re- 
duced in diameter and led ‘throngh a stuffing-box at the end of 
the pump barrel, so as to form the air-pamp rod. The arrange- 
ment is shown in Fig, 2. As we have already stated, the side 
waterways leading to the main pump are furnished with sluices 
so that they can be made to take their supply from the bilge, 
and this being the case, other bilge pumps are rendered unne- 
cessary. , 

The boilers, which are two in number, are placed abaft the 
engines, the tubes and furnaces running fore and aft, and the 
stokehole being abuft the boilers. Each boiler is 11 ft. wide 
transversely by 10 ft. 6 in, bigh, and the length of each is 9ft. at 
the bottom and 9 ft. 8 iv. at the top, whilst a space 3 ft. wide is left 
between the pair. There are three furnaces in each boiler, each 
furnace being 3 ft. wide by 3 ft. high, and the grate bars bein 
6 ft. Gin. long. The back uptake is 1 ft, 6 in, wide, and from it 
the tubes return over the furnaces in the usual manner, each 
boiler containing 358 tubes, 5 ft. 10 in. long, and 2} in. in dia- 
meter. ‘The coal is carried in bunkers extending across the 
—. ahead and abaft the engine-room, as shown in Figs. 1 
and 2 








UTILISATION OF RAILWAY ARCHES, 
To THE Eprror or ENGINEERING. 


Srr,—In your last impression I noticed a paragraph “ Dwell- 
ings for the Working Classes,” in which you mention that a 
per upon the above subject was read by Mr. Barrow 
immanuel, architect. Without in the least wishing to detract 
from another person’s merit, or to assume any for myself, I 
think I am justified in stating that, early in the present year, I 
placed this subject before the public. In the Building News, 
of March 30th, 1866, in the leading article, “ Utilisation of 
Railway Arches,” 1 sketched out the principal features of the 
project, so far as could be done in an article, and controverted 
the ideas generally entertained respecting the vibratory action of 
a passing train. In the paragraph in ENGINEERING to which I 
allude, in speaking of Mr. Emmanuel aud his paper, you state, 
“ He finds that a number of railway arches are already turned 
to account in tnis way; that the vibration and noise are less 
than are felt in neigh i ildings ; and, that were the rail- 
way companies to grant long leases, there is a probability that 
this class of house property would proye attractive and 
valuable.” Referring to the article in the Building News, I will, 
with your permission, make a short extract or two, ‘If 
people are not at present living under a railway, they are, at 
any rate, doing the nearest thing to it. The carcases of a row 
of houses, three stories high, are erected slightly converging to 
the viaducts, leaving at one end but barely room for a footpath 
between their quoin and that of one of the piers. ‘To take an 
instance, let any one go aud stand under one of the lofty arches 
of the London, Chatham, and Dover Railway, in the vicinity of 
Blackfriars-road, where the above railway crosses over the 
South-Eastern Railway, close to the Blackfriars station of the 
latter line. Compare the position of the houses there with the 
arches themselves, and the effect of the ge of a train upon 
each, Weare much mistaken if it will not be found that the 
effect is considerably greater in the former than in the latter 
case.” With respect also to letting the arches I remarked, 
“There is no necessity for the railway companies to be them- 
selves the proprietors of the proposed domiciles. On the 
contrary, it would be objectionable, tor many reasons, that they 
should be so. They could let the land in the way of an ordinary 
lease to any builder who was willing to test the project practi- 
cally, or they might do so themselves by fitting up one as a trial, 
and there is very little doubt that if successful it would prove 
remunerative to them as well as to the builder.” Since putting 
forward the views embodied in the article, I have practically in- 
vestigated the matter in detail, and see no reason to doubt that 
they could be profitably carried out. 
Iam, &c., 
Tuomas Carat, C.E., M.S.E. 
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PetrroLeum Fuei ror Locomotives.—We are informed 
that one of the locomotive engines on the Scinde Railway is 
about to be fitted with apparatus for burning petroleum fuel on 
Mr. C. J, Richardson’s plan. In the event of the experiment 
proving successful, it is intended to take advantage of the large 
quantities of petroleum which are procurable from Assam. 
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THE MACHINERY OF HMMS. “WATERWITCH.” 
ENGINES AND RUTHVEN’S JET PROPELLERS CONSTRUCTED BY MESSRS. DUDGEON, MILLWALL. 
(For Description, see preceding Page.) 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. » If eredit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 87, Bedford- 
street, Strand, W.C. 


In “ The Cost of Making Rails,” in our last number, an 
odd sense was produced by the omission of a comma after 
“ Fettling.” 

H. D. (Amsterdam).—Professor Airy’s investigation of the 
strains in the webs of girders is contained in the “ Philoso- 
phical Transuctions,” and although we have not the volume at 
hand, we believe that the year was 1858. 


ENGINEERING is registered for transmission abroad, 
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THE PLACE DE L’EUROPE BRIDGE. 
TuosE who have entered Paris by the railway from 
Dieppe or Havre know that the terminus in the Rue 
St. Lazare is approached through a tunnel under 
Batignolles; and we may add, that, until lately, the 
line also traversed two short tunnels under the Place 
de l’Europe, a large circular space of nearly the 
diameter of the Etoile of the Champs Elysées. in the 
centre of this Place was a circular garden with winding 
walks, shrubbery, a bit of ornamental! water, and a charm- 
ing Swiss cottag e, the res:dence of Madame Ackermann, 
a cottage well ‘known to Parisians, while it has long 
been mentioned in the guide books as an object of in- 
terest 10 strangers. The two tunnels under this 
Place, the one 7 metres and the other 15 metres wide, 
were, however, found insuflicieut for the growing 
traffic, and they have been replaced by the large bridge 
of which we gave drawings in our last number. Many 
engineers, knowing something of Paris, were greatly 
amused, about a mouth ago, by a long and some- 
what pretentious article, whici appeared in Zhe 
Engiveer, wverein it was given out that the Western 
Railway had tro. the first crossed the I'lace de 
lturope at the level of the six streets which converge 
there. A startling pictureWas drawn of the vangers 
which had long attended this crossing — dangers 
suffi ient, it ws asserted, to “‘ scare” even the Ameri- 
cans, who dismiss the risks of level crossings by a 
shres oi the whi-tle, a ring of the engine bell, aid a 
gener] warning to “ look out,’ ;anted upon a large 
board over the liné! ‘the new bridge, it was then stated, 
had at last become a necessity, and it haa only been 
a question with the engineer, whether he should con- 
struct it under or over the line, as it was asserted that 
the six converging streets could be raised or lowered 
witiout difficulty! A mock consideration of the rea- 
sous which, in this case, had determined the adoption 
of a bridge over the line was ihen given, greatly, we 
may add, to the delectation of the engineer of the 
work, M. Clere, when his iriends had calied his atten- 
tion 'o it. He has had the article translated into 
French, and has sent us, rather for our own informa- 
tion than for publication, his observations in a parallel 
column. His remarks are most moderate in their 
tone, but they do not fail to convey the wonder ol 
their author at the kind of information served up to 
English engineers by a journal professmg to hold a 
position in the pro’ession. But these rewarks. would 
not have been addressed to us, had the article in ques- 
tion contained only an imaginary description of the 
work. It went on to criticise it authoritatively, and 
found fault with the fact that the iron was not to be 
worked to a strain of more than 3}tons per square 
inch, _ The bridge, it was stated, contained 25 per cent. 
more iron than was necessary. Now, we had supposed 
it well known that while the engineers of the Board of 
le refuse to “pass” railway bridges, at all, in 
Which the strain exceeds 5 tons per square inch, it has 
ong been the practice of many of our leading engi- 
heers, and the general practice .on the Continent, to 
work the iron at no greater strain than 3$ tons or 
4tons per square inch, In our own Westminster- 
bridge, which the same newspaper authority last week 
Pronounced “useless” (!) as being too weak, the 





greatest calculated strain upon the iron is 3 tons per 
— inch. Upon this point M. Clerc observes as 
ollows : 


“En France on n’admet pas que l’on fasse travailler le fer & 
ae de 6 kilog. par millimetre quarrée dans les ponts, et cette 
imite me parait sage quand on réfiéchit combien de circon- 
stances imprévues et impossibles & prévoir se rencontrent dans 
les assemblages des piéces entre elles, et combien les ponts métal- 
liques sont a a. des détériorations par l’oxydation et l’action 
du temps. Je pense que les grands ponts construits en Angle- 
terre ne sont pas dans d'autres conditions, et notamment les 
derniers ponts construits sur la Tamise me paraissent trés 
chargés en métal. La condition de n’avoir pas des poutres con- 
tinues, qui est rappelée plus loin dans le présent article, doit & 
elle seule @tre la cause d’une augmentation notable du pont. 
J’ajouterai que dans le cas du Pont de la Place de l'Europe le 
travail permanent du fer est beaucoup plus considérable que 
dans les ponts qui supportent les locomotives, car dans la plupart 
des ponts qui donnent passage aux locomotives, le travail perma- 
nent se borne & celui qui résultedu poids propre du tablier 
métallique et les grandes surcharges ne sont qu'accidentelles, 
tandis que dans le cas du Pont de la Place de I’Europe, la voiite 
en briques, la chaussée, etc., produisent une charge permanente 
de 1200 & 1500 kilog. par métre carré en outre du poids du 
tablier métallique et des surcharges accidentelles, ce qui est con- 
sidérable pour des poutres dont la portée portée de 30 m. pour 
la partie droite jusqu’’ 60 m. pour la partie biaise correspondant 
a la rue de Londres.” 


Fault was found with the position of an intermediate 
pier under the girders carrymg the Rue de Londres, a 
pier which was in some measure a necessity, from the 
direction of one of the railway lines to be accommo- 
dated, and without which a clear span of 295 ft. would 
have been necessary for the girders under that street. 
This pier, it was stated, presented a very “ bizarre 
appearance,” and would form a serious impediment to 
the railway beneath, whereas it was specially placed 
with reference to the direction of the line, as the pub- 
lished plans showed. Objection was taken that the 
division of the spans of the continuous girders was 
such that the points of contrary flexure could only be 
found by intricate and tedious calculation, practically 
useless and inapplicable! We may venture to say that 
nearly all yo 8008 are intricate and tedious to those 
who are incapable of understanding them. Objection 
was taken because the girders rested upon forty-six 
rollers each, instead of six. M. Clerc answers that he has 
calculated that small rollers bear practically on the 335th 
part only of their circumference, and that in his case 
the weights are such that, even with this number of 
rollers, they bear about 11 tons per square inch of cal- 
culated bearing surlace. With a much higher pres- 
sure they might cut into their bearing-plates, and cease 
to act usefully as rollers, 

One of the streets is upon an incline, and, to accom- 
modate this, the girders beneath it are 2 ft. or 3 ft. higher 
at one end than the other, the under side being; of 
course, level, so as to bear properiy un its supports. 
This was objected to as extravagant, and two or three 
feet of additional road-me:alling were recommended 
instead—a recommendation which involves the addition 
of an enormous uselss: load to the bridge, and the 
consequent necessity of girders of greatly increased 
strength. 

The bridge of the Place de Europe is an important 
work, and, witliout in’any way viding to champion 
M. Clerc, we may assure him that English engineers 
can understand the difficulties with which he had to 
deal, and can appreciate the merits of his design, and 
that no engineer understanding his business would have 
put forth the shallow criticism by which it has been 
misrepresented, and which concludes with a “very 
grave doubt” of the skill and science of the designer 
of the work. 

We may note that the great peculiarity of this 
bridge, its star form, whereby it carries six radiating 
lines of roadway, each straight across it, was compul- 
sory upon the engineer, the municipal government of 
Paris not permitting any disturbance either of the 
directions or levels of the existing streets. ‘The depth 
of the girders was limited theretore by the fixed 
levels of the railway and streets, although by making 
all the face girders so that they should serve as para- 
pets, additional depth was gained for these jm 
The girders are continuous throughout, and are fixed 
to the masonry of the central pier, so that each of the 
three bridges, as the whole really is, expands towards 
and contracts from its ends, mt ben they rest upon a 
large number of steel rollers. The ironwork of the 
bridge is simple, and has been executed by Messrs. 
Cail and Co. at about 21/. per ton, which, considering 
the price of iron in France, and the careful workman- 
ship required, is not thought high by French engineers. 
There are about 4000 tons of ironwork in the bridge. 
Portions of the work already completed have borne a 
test load of 82 1b. per square foot, with a deflection of 
only 5 in. in the spans of 147 ft. 7 in. 





THE ATLANTIC TELEGRAPH. 

WE alluded, last week, to the wonderful perfection of 
the insulating material of the two cables now at work 
beneath the turbulent Atlantic. Not less sant | 
is the rate at which messages are being transmit 
through them. The laws of the transmission of 
currents of electricity through long submarine or sub- 
terranean wires are now well known. ‘The mathe- 
matical theory of the: laws of induction has been beauti- 
fully and clearly expressed by Professor ‘Sir William 
Thomson, and his formule have become as fundamental 
and essential to the electrician as those of Ohm. Many 
independent observers have verified his laws, and it is 
well worthy ofnote that the same formule have been 
arrived at by totally different systems of reasoning by 
Messrs. Werner Siemens, Gaugain, F. C..Webb, and 
Varley. That the velocity of the wave of transmission 
diminishes as the square of the length of the conduct- 
ing-wire, that it is inversely as the inductive resistance 
of the insulating material, and that this resistance in 
cylindrical condensers, such as gutta-percha covered 
wires, varies as the logarithm of the ratio of the out- 
side to the inside diameter, are now axioms as self- 
evident as Ohm’s celebrated law, that the quantity or 
strength of a current is invariably the electro-motive 
force divided by the resistance. Still, though the law 
of the squares is so self-evident, it is the only one that 
has met with determined opposition, and there are 
many electricians who even now assert that the speed 
of signalling through long cables varies as the length 
only, and not as the square of the length. Mr. White- 
house made an elaborate series of experiments on the 
old 1857 Atlantic cable to refute the laws of the 
squares, but they were entirely vitiated by the instru- 
ment he used. Mr. Latimer Clark made some ex- 
periments upon a cable coiled in the East India Docks, 
77 miles in length, containing six wires, and the property 
of the Electric and International Telegraph Company, 
these experiments being fully detailed in his admirable 
report to the joint committee of the Board of Trade, 
1861. The following is the result of his observations : 


Time of transmission 





Length of cable 
in miles. in seconds. 

77 025 
154 045 
231 -080 
308 «115 
B85 -140 
462 .160 





Tf” Mr. Clark observes, “ the above numbers be 
plotted out as ordinates, they will be found to fall 
“ nearly in a straight line, and to favour the idea that 
“the speed of propagation varies directly as the length 
“ of the cable, ine of te square of the length. In 
“* this respect it must be acknowledged that they do not 
“coincide wit the received law of transmission ; 
“the cause of the discrepancy is not understood.” 
But there were several things existing to vitiate Mr. 
Clark’s experiments. ‘Ihe form of instrument employed 
(Hughes’s printing instrument) was not the most 
perfect for the purpose. No instrument actuated by 
electro-magnetism can be. relied upon, as the pro- 
duction of magnetism itself is a function of time. ‘The 
cable was coiled in one large coil, which is known to 
favour, to a very great extent, magneto-electric in- 
duction; and the very leaky state of the wires from 
leng! hened exposure, also tended to render the results 
anything but conclusive. Mr. Varley made a series of 
experiments upon the same cable with a much better 
apparatus ; but experiments upun cor/ed cables cannot 
be considered: satisfactory, and as most of the 
published results have been made upon such wires, 
they cannot be accepfed as evidence of the truth or 
untruth of the received laws. 

Mr. Forde in his paper read before the Institution of 
Civil Engineers (session mes on the Malta and 
Alexandria Telegraph, gave the following table of the 
ae of working through the different sections of that 
cable : 








Speed ob- 
Section or on — in ‘| Calculated 
7 words per| speed. 
knots. | minute. <3 
Malta—Tripoli .. ...| 280 24 «| (45.7 
Tripoli—Benghazi ose 507 14 16.9 
Benghazi—Alexandria ... 597 12 13.4 
Malta—Alexandria eo] 1880 8.18 8.62 





Thus the calculated speed varies considerably from 
that obtained. The calculation is made upon the basis 
that 1100 knots would transmit five words per minute, 
The results were obtained upon ordinary Morse print- 
ing instruments, worked by reverse currents and 
Siemens’s prolonged relays. These experiments again 
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are not satisfactory. The rate is considerably less than 
that which is obtained in practice. The ordinary rate 
of the transmission of public messages, assisted by 
translation, is from 12 to 15 words per minute from 
Malta to Alexandria. Sir C. Bright said, at the Insti- 
tution of Civil Engineers, “the rates of speed could 
** not be considered as conclusive, being only given as 
“the nearest approximation which could be arrived 
* at after a few days’ trial.” But while Sir C. Bright 
was ready enough to criticise the results of his brother 
engineer, he does not seem to have availed himself of 
the grand opportunity offered him in the Persian Gulf 
line to experimentally verify the vexed question. We 
have no authentic data of the relative speed of working 
through any existing cable, and, with the facilities 
offered by the Malta and Alexandria and Persian Gulf 
lines, this is much to be regretted. The old Atlantic 
cable gave a speed of two and a half words per minute, 
and this was verified by Professor Thomson himself, 
and he has made it his unit or data from which he 
calculates the working of any cable. Thus, he caleu- 
lated that the Malta and Alexandria should have given 
a speed of 154 words a minute, instead of 3.18, as 
given by Mr. Forde. He estimated eight words a 
minute from the present Atlantic cable, and consider- 
able curiosity was evinced to learn the practical rate 
of working attained. They actually obtained from 18 
to 20 words per minute through the Atlantic cable. 

A result so unexpected naturally raises the question 
of the truth of Thomson’s law. But Thomson’s law is 
unassailed, The rapidity of working depends ultimately, 
it is true, on the law of the squares ; but, practically, 
in all the experiments and results that om been 
hitherto given, the question decided is not the law of 
transmission of currents, but the rate of working of 
the particular instrument employed. The law of work- 
ing could only be tested by employing the same 
manipulation and the same instruments at each end of 
the ‘ifferent section; but as clerks differ in their 
temperament, and instruments in their adjustments, it 
is evident that between the stations on the Malta and 
Alexandria line the ceteris paribus did not remain. 
The estimate of the speed of working to be obtained 
from the Atlantic cable has itself varied considerably 
at different times. Messrs Thomson and Varley at 
one time gave it at eight words per minute with 
ordinary instruments, and promised to double this with 
their new apparatus ; but in actual practice their new 
key, called the “curb key,” and which was constructed 
with immense skill and much patient research, only 
gave 7.36 words through the cable when submerged. 
They could only obtain from five to six words per 
minute when it was coiled on board the Great 
Eastern. 

‘The peculiarity of the curb key was this, that, by a 
pretty mechanical contrivance, a succession of positive 
and negative currents of definite and varying dimen- 
sions, obtained by calculation, were transmitted in suc- 
cession, which so curbed or adjusted the wave at the 
receiving end as to produce the greatest number of 
pulsations or deviations per minute. The instrument 
used for receiving or displaying these signals is 
“ Thomson’s reflecting galvanometer,” one of the most 
sensitive and delicate struments ever constructed for 
examining and detecting feeble currents of electricity, 
and which should be in the possession of every tele- 
graph engineer. It registers differences of tension so 
minute, that they have hitherto been totally inappre- 
ciable, and it is to this instrument solely that we were 
able to converse through the first Atlantic cable. It is 
now greatly improved, and is the chief means of the 
present rapid rate of working, Its indications are 
given by the reflection of a small spot or beam of light 
thrown by a slightly concave minute mirror weighing 
85 of a grain, fixed to the magnet or needle of the 
galvanometer, upon a scale, at a distance of about 3 ft. 
in front of it. The slightest pulsation of the needle is 
thus magnified immensely, and the long or short dura- 
tions or passages of this spot of light, varying in num- 
ber and order, over portions of the scale form the 
alphabet by means of which messiges are transmitted 
between the two hemispheres. 

The differences of working observed on different 
cables may now be accounted for. The ¢ 
they arrive at the distant end of a long cable assume 
by induction the form of waves, thus:—Aa@aB, Béc. 
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A B, BC, being the length or duration, and aa’ 4 J 
the tension of the waves, A C being the tension of the 
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earth or zero. The duration, A B, for the same cable; 
depends solely upon its length, and varies directly as 
the square of that length ; the amplitude, a a’, for the 
same length or resistance, depends solely upon the 
electro-motive force of the source at the sending end, 
with which it varies directly in an arithmetical ratio. 
Now we can cut off this wave at any ordinate of its 
line of tensions and form shorter waves, as shown by 
the dotted line, and thus, instead of transmitting two 
full waves of maximum dimensions, we can transmit 
five or more shorter waves in the same time. The 
number of waves so sent depends almost solely upon 
the fitness and delicacy of the receiving apparatus to 
repeat these minute differences of tension, and it is 
in this particular that Thomson’s galvanometer is so fit 
and apt. The zero line may shift and become a wavy 
line itself, but while the minute differences of tension 
exist, the beam of light will indicate them regardless 
of the displaced zero point—another beautiful and 
unique property of this exquisite instrument. The 
rate of receiving, therefore, depends upon the 
portion of the wave cut off, and it is because different 
instruments vary so much in their delicacy and adjust- 
ment that such discrepant results have been attained. 

The curb key was specially constructed to render 
these waves as sharp and distinct as possible by pur- 
suing every positive current with a negative current of 
definite length to neutralize or discharge the positive 
charge from the first current sent, and which must be 
removed before its tension could be altered a second 
time. It is not necessary to explain this elegant con- 
trivance further, because it has been abandoned in 
practice ; but it deserves considerable study, not only 
from the pains bestowed upon it to make it perfect, 
and the expense incurred in arriving at its principles, 
but from its forming almost the last round of the 
ladder that has enabled us to surmount the hitherto 
insuperable difficulty of transmitting messages at a 
remunerative speed through long cables. Great dis- 
coveries are never arrived at by chance; they require 
much previous precious training. The steps that 
lead to the final result are frequently more interesting 
than the result itself. The cuieat of this article has 
been as much to point out these preliminary steps as 
to assert the law of the squares, and to account for 
the great descrepancies that occur in the estimated and 
published rates of working of existing cables. We 
purpose, in our next, to explain the method employed 
in working the present Atiantic cables. 


WESTMINSTER BRIDGE. 

Some weeks since a heavy crank-shaft, made by the 
Mersey Steel Company for Messrs. John Penn and 
Son, and intended for the armour-clad frigate Her- 
cules, was removed from Chalk Farm Station, vid 
Waterloo-bridge, to Messrs. Penn’s factory at Green- 
wich. The shaft, a smgle forging, weighed rather 
more than 344 tons, and the total weight of the shaft 
and truck was about 45 tons. The removal having 
been accomplished without accident, the Mersey Steel 
and Iron Company sent us a lithographed account of 
the shaft, and the means employed for its removal from 
Liverpool to Greenwich. In this account, which 
was also inserted in the Times, it was stated that 
permission to take this heavy load over Westminster- 
bridge had been refused by her Majesty’s Commis- 
sioners of Works. The statement was so explicit, and 
the fact that the load had been actually sent over a 
toll bridge instead of a free bridge was apparently so 
confirmatory of it, that we did not hesitate to repeat it, 
although it appeared singular that such a load should 
have been refused a passage over such a work as 
Westminster-bridge, a work intended, as we had always 
supposed, to bear any load known to modern traffic. 
A letter, in the next column, from Mr. Page, the engi- 
neer of Westminster-bridge, explains the alleged re- 
fusal of her Majesty’s Commissioners of Works, and it 
appears that there was no refusal at all; and, in point 
of fact, we believe that Messrs. Pickford could 
have taken their heavy truck and its load over the 
bridge, as forming part of the Queen’s highway, with- 
out asking permission from any one. Most engineers 
|have by this time fully informed themselves as to the 
construction of Westminster-bridge, and are possibly 
aware that it was designed to bear a test load of 
120 lb. per square foot over its whole surface, with a 
maximum compressive strain of but 3 tons per square 
inch in its arched ribs. The bridge has seven spans, 
the widest at the centre being 120ft. ‘The arched 
ribs are of cast iron at the haunches, and of wrought 
iron at and near the crown, and as the curve of the 
arches is very flat, the wrought iron portion, 52 ft. 
3in. long in the case of the centre span, was pur- 
posely treated as a parallel girder, although it is really 








curved, and is 18in. deeper at the ends than at the 
centre. The arched ribs are 5 ft. apart under the 
carriage roadway, and, speaking from memory, 7 ft. 
6in. apart under the footways. The wrought-iron 
portion of each rib is calculated to bear, as a parallel 
girder, 100 tons before breaking, and the deflexion 
caused by a distributed load of 26 tons, or half a ton 
per foot, would be 4th inch only. In the words 
of a report, made by Mr. Page, some ten years ago, 
* All the arched ribs are considerably stronger than is 
“ requisite for any load that can possibly be brought 
“ upon them.” When the southern half of the bridge 
had been opened, and while the northern half was yet 
in course of construction, a Bray’s traction engine, 
weighing 144 tons, and drawing a load of 26 tons on 
four wheels, went over without any permission being 
asked. This load was borne by the ribs now under 
the footpath, and which are 7 ft. 6in. apart, or one- 
half more than the distance between the ribs, 
under the present roadway. The whole of the road- 
way is believed to be equally strong with the ribs 
and we believe there could be no real objection to a 
load of even 80 or 90 tons upon four wheels, if wheels 
were ever thus loaded. That Mr. Page, even as a 
matter of form, asked for particulars of a load for the 
passage of which Messrs. Pickford thought it neces- 
sary to ask special permission, is not to be wondered 
at; but as the particulars were not supplied, it was 
no doubt supposed that there was time enough with- 
in which to give the permission desired. 

Surprise has been naturally expressed at seeing, in a 
contemporary professional journal, an ad captandum 
condemnation, not only of Westminster-bridge, but 
of iron bridges generally as distinguished from stone 
bridges, because of the presumption of weakness 
caused by the unfounded rumour that Messrs, 
Pickford’s heavy truck had been refused a passage. 
A morning paper, or the lively Pal/ Mali, might have 
taken up the rumour to the edification of engineers ; 
but, in the profession, any real condemnation of a 
great engineering work would be expected to follow a 
careful inquiry into the facts. Owners of granite quarries 
may approve of this condemnation, but engineers will 
hardly, in the year 1866, accept the conclusion that 
iron is inferior to stone as a material for bridges. 


THE MADRAS IRRIGATION AND CANAL 
COMPANY. 

A SUPPLEMENTARY contract has just been executed 
between the Secretary of State br India and the 
Madras Irrigation and Canal Company, by which the 
former has agreed to lend to the latter funds as they 
may be required, up to a total of 600,000/., for the 
purpose of completing a section of the undertaking, 
and the works are now to be prosecuted with the 
utmost vigour. The principal of the loan in question 
is to be secured by debentures payable in five years 
from the date of each advance, but the interest is to 
remain a charge upon, and to be paid out of, profits 
when realised from the works. The new contract thus 
completed distinctly and positively provides that the 
guarantee upon the present shares of the company, re- 
presenting 1,000,000/. capital, shall remain in force, 
and be in no way whatever affected or prejudiced 
either by the loan or the interest, or by the debentures 
to be given by the company ; and, therefore, it not only 
confirms that guarantee, but places its stability beyond 
doubt or question. 














WESTMINSTER BRIDGE. 
To tHe Epitor or ENGINEERING. 

Str,—Having seen paragraphs in some of the papers 
stating that the Commissioners of her Majesty’s 
Works had refused permission for a heavy crank-shaft 
for the Hercules to be carried over Westminster- 
bridge, which paragraphs were accompanied by ob- 
servations on the strength of the bridge, I think it 
right to state that when application was made to the 
Board of Works by Messrs. Pickford, they were re- 
ferred to me; that I requested to be supplied with a 
diagram showing how the load was to be supported, 
and stated that 404 tons had gone over the footway on 
six wheels, nearly seven tons per wheel, when half the 
bridge only was opened for traffic, and that there 
would be no difficulty in the proposed weight gomg 
over, now that the trams were completed for heavy 
weights ; that Messrs. Pickford finally determined to 
pass the weight over Waterloo-bridge, without further 
reference to the Commissioners of her Majesty’s Works, 
or myself, as engineer of the bridge. : 

If you will kindly insert this explanation, you will 
oblige, 

Yours truly, 


Oct. 25, 1866. Tuos. PAGE. 
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STEAM-JET PROPULSION. 


NorwiTHstaNDING that the reacting steam engine, 
or eolipile, is at least as old as Hero of Alexandria, 
it is even yet occasionally brought forward by some 
over-ingenious amateur, either in its original or ina 
disguised form. It is not very long since we saw, on 
a nobleman’s estate in Staffordshire, a formidable but, 
unhappily, a nearly powerless machine of this class 
with a twenty-horse boiler, the latter by a well-known 
boiler maker, to supply it with steam. It was set up 
to drive an extensive plant of barn machinery; but 
with hard firing at the boiler, and with a roaring and 
whizzing of steam which might have been heard and 
seen for miles, it could only drive one sorry chaff- 
cutter. We understand that the designer of this in- 
teresting reproduction of ancient engineering still be- 
lieves that the principle is right, and that only minor 
practical difficulties have prevented its giving excellent 
results. The idea of jet action, whether by steam or 
water, .is a delightful snare to those who can only 
understand that the pressure in both directions is the 
same, and who, confounding pressure with motion, mis- 
understand the simple axiom that action and reaction are 
equal. Steam of 100 lb. pressure will issue from an 
opening into the atmosphere at the rate of 1875 ft. per 
second, multiplied by the coefficient of discharge 
through the orifice; and with an opening 1 in. square, 
an unbalanced pressure of 100lb. would thus be 
exerted within the boiler or pipe in a direction oppo- 
site to that of the discharge. But while the steam ex- 
pended is theoretically measureable. by this rate of 
flow, at the full pressure of 100 Ib. per inch, and would 
thus be equal to that required to produce, without ex- 
pansion, 341 indicated horse power, the useful work 
done would be the product of 100 lb. pressure into the 
rate of reacting motion. This motion could never ap- 
proach that of the free escape of the steam, and by as 
much as it did approach it, the pressure causing use- 
ful motion would diminish instead of remaining effec- 
tive as 100lb. Indeed, setting aside the considera- 
tion of useful work done, probably no machine could 
be constructed, of any known material, which would 
resist the centrifugal force of hollow arms whose outer 
ends were to move in a circle at a rate of 1875 ft. 
ner second. Supposing that, with a proportionately 
Fieht resistance, a speed of 1000 revolutions per 
minute of a 4 ft. steam wheel could be had, the ends 
of the arms would here move only 209 ft. per second, 
or at one-ninth the rate of escape of the steam, and 
thus even in this case of great speed at least eight- 
ninths of the power due to the full pressure of the 
steam without expansion would be lost. 

A more recent application of the reaction of steam 
jets is that of the ejection of streams of water by means 
of steam, in the manner of the jet of Giffard’s Injector. 
A small boat has been driven, in this manner, within 
the last few weeks, in the Thames, off Wandsworth, 
and the sanguine designer and engineer of the little 
craft has sent an account of her doings to a con- 
temporary.. The report is not given in a form from 
which accurate conclusions can be drawn, and it 
contains an estimate that with a 60-horse boiler, jets 
of steam and water may be made to drive a boat with 
a propelling force of nearly two tons, at the rate of 
from 30 to 35 miles an hour. If we take 4000 lb. as 
being “ nearly two tons,” we shall find that the work 
to be actually done, at 30 miles an hour, by the 
60 horse boiler is 320 horse-power, irrespective of all 
losses whatsoever—a result, of course, very far beyond 
that attainable with any known steam-engine. The 
report of the actual trial does not, however, warrant 
any conclusion nearly so extravagant as that which we 
have quoted. We shall here give a brief examination 
of the mechanical principles involved in the use of 
mingled jets of steam and water for propelling, and 
the result will, we think, be sufficient to show how 
little is to be hoped from such an application. From 
a hasty consideration of the terms “work? and 
‘mhomentum”—a haste proceeding from an imperfect 
study of natural philosophy—many are disposed to 
believe that the total energy of one moving body 
1s imparted by contact to other and heavier bodies 
against which it strikes and carries along with 
it. Thus many are disposed to believe, that, because 
the pressures upon the back of a shot and upon the 
bottom of the chamber of a gun are equal, that there- 
fore the “work” put into the shot and gun 
respectively are equal, notwithstanding the difference 
m their weights, which are to each other, in most 
cases, as 1 to 100. Now the same energy would be 
Contained in a shot weighing 1 lb., and moving 1000 ft. 
per second, as in a gun weighing 190 lb., and moving 
(no matter whether horizontally, upward or downward), 
at the rate of 100 ft. per second. For a shot moving 








at 1000 ft. per second would rise, iz vacuo, to a height 
of about 15,625 ft., and a gun of 100 times the weight, 
moving 100 ft. per second, would possess an energy 
equal to lifting it to a height of 156} ft. But a given 
charge of powder does not impart motion to the shot 
and the gun respectively at the rate of 1000 and 100 ft. 
per second, but of 1000 ft. and 10 ft. per second. And 
while the shot acquired energy capable of lifting it 
15,625 ft., the energy of the gun would lift it but 
lft. 62in., or 1.5625 ft. Here, at the risk of inter- 
rupting our argument, we may refer to the fallacy 
upon which Mr. Ruthven, as quoted in Saturday’s 
Times, has founded his water-jet propeller. e 
believes that if a gun were fired astern, in the line of 
the keel of a vessel, the same amount of work would 
be imparted both to the shot and the ship. Now, 
while stern firing may help a vessel hoon in some 
slight degree, the velocity imparted is only in the ratio 
of the weight of the shot to that of the vessel, and the 
mechanical work thus utilised in the vessel is practi- 
cally very little indeed. We may put it in another 
way. Whatever the velocity of the shot, the pressure 
upon it and upon the bottom of the chamber of the 
gun would necessarily be the same. But if the shot 
move 1000 ft. per second, and the gun only 10 ft. (or 
even, if that were possible, 100 ft. per second), the 
work done upon the gun would be only one-hundredth, 
or, in the suppositious alternative case, only one-tenth 
that upon the shot. In either case there would be a 
great io of effect, and as, in fact, the velocities are 
inversely as the weights moved, the effect of stern 
firing upon the ship would be insignificant unless the 
weight of the shot bore some respectable proportion to 
that of the ship itself. 

Now in the case of a mingled jet of steam and 
water, as in the Injector, the resulting velocity is 
known to be exactly as much less than that of the 
free steam as the original weight of the steam alone is 
less than that of the mingled current of steam and 
water. It is not merely that the theory of bodies in 
motion requires that this should be so, but actual ob- 
servation upon the Injector proves incontestably that it 
is so. This’ very law of motion proves that just asa 
jet of steam is, so to speak, diluted with water, so is 
its velocity taken out of it; and as its energy is as the 
square of its velocity, the real mechanical work taken 
out ofa jet of steam mixed with nineteen times its own 
weight of water, thus making twenty times the original 
weight, is nineteen-twentieths that originally contained 
in the steam alone. his is quite irrespective of the 
great loss of efficiency due to the action of water jets, 
a loss which, as applying to the Waterwitch, we have 
investigated in another column. 

In the case of the steam and water jet pleasure-boat 
already referred to, the proportion of steam to water 
could hardly have been less than one to thirty, and 
thus, with a total weight of thirty-one in motion, the 
velocity was less than one-thirtieth part that of steam 
alone, and the total mechanical energy of the whole 
mass less than the one-thirtieth part that due to the 
steam worked at full pressure upon a piston, and with- 
out expansion. Even then, the motion of the jet 
would not be brought down to anything like the rate 
of the ship. For convenience of examination we will 
take the jet of steam already considered, that of one 
square inch area, issuing under a of 100 Ib. at 
a velocity of 1875 ft. per second, or 112,500 ft. per 
minute. If employed at full pressure upon a piston, 
112500100 — 

33000 — 41 
power, a result which we may also arrive at in another 
way, as follows: Its effluent velocity is that due to a 
fall of 54,920 ft., and as the quantity of steam dis- 
charged per minute (781 cubic feet) weighs 204.8lb., 
54920 ft. x 204.8 lb. 
we . have 33000 
before. If this steam be made to take up and carry 
forward 99 times its own weight of water, making a 
total weight of 20,480 1b., the resulting velocity will 
be zdoth only of 1875 ft. per second, or 183 ft. It is 
now easy to find the size, pressure, and mechanical 
power of the jet. To deliver 20,480 1b. or 2048 gal- 
lons of water per minute at a velocity of 18} ft. per 
second (1125 ft. per minute) would require an opening 
of 42 square inches, equal to that of a circle 7,3, in. 
in diameter. ‘The pressure within the jet pipe to give 
a velocity of 183 ft. per second would be that of the 
column of water which would generate this velocity, 
and we find, by ready calculation, that this height is 
5 ft. 6in. Now the weight or pressure of acolumn of 
water 5 ft. 6in. high is nearly 2.41b. per square inch, 
and the total pressure upon 42 square inches is thus 
1001b. Here, however, we-have only obtained the 
original pressure of the steam itself, we have used 


this steam would give horse 


=341 horse power, as 


the same quantity that would have been used with the 
free discharge, and supposing even, if that were possible, 
that our boat was propelled at the full rate of the jets, 
which is 183 ft. per second, or about 12? miles an hour, 
we should have got out of our steam but the one-hun- 
dredth part of the power which it would have given 
if worked at full pressure upon a piston, to say 
nothing of the further gain by expansion. 

We have purposely taken the case of a great pro- 
vortionate quantity of water to show how power may 
be lost in mingled steam and water jets. The power 
lost, as compared with what the same steam would 
effect, at full pressure, upon a piston, is in proportion 
to the relative quantity of water taken up in the jet. 
If twenty-nine times the weight of the steam is taken 
up, but one-thirtieth of its power is left ; if ninety- 
nine times, only one one-hundredth of its power is 
effective. In the case of the Injector, feeding, say, 
1000 gallons an hour to a boiler working at 100 1b. 
steam, the real work represented by forcing in the 
water amounts to but little more than one horse 
power, yet the quantity of steam used would give 
thirty or more indicated horse power in an engine ; 
and were it not that all the steam was returned, con- 
densed, to the boiler, and its heat thereby saved, the 
Injector would be a most wasteful mode of forcing 
water. This waste becomes apparent in a moment in 
attempting to apply mingled steam and water jets to 
propulsion, and it is irrespective of the great loss by 
water-jet action, even when the jets are produced by 
pumping. 








NOTES FROM INDIA. 

Mx. W. T. Brayrorp, of the Geological Survey, has 
reported most favourably on the Pench coal-field 
recently discovered in the Chindwarra district of the 
Central Provinces, and the facilities for working it. 
The original discovery is due to the late Rev. J. Hislop, 
in 1852. The coal leaves a good deal of white a: 
but it burns excellently, and is remarkably free from 
iron pyrites. The Pench coal-field contains the thickest 
seam yet known in India, and is the most important 
coal discovery yet made there. 

The Government of India has taken advantage of the 
return to Indian service of Colonel Strachey, R.E., late 
secretary in the Public Works Department, to depute 
that officer to Madras to report on the irrigation system 
of that presidency. The Madras and other local govern- 
ments seem to have been opposed to the plan of de- 

uting an able officer to report on irrigation works ; 
But at a time when millions of public money are about 
to be spent upon them, the public will heartily approve 
of the action of the Government of India in this great 
question. 

The Friend of India hears that the first result of the 
recommendations of Mr. Crawford’s committee on 
postal and telegraphic communications with India is 
the formation of a company to establish direct tele- 
graphic communication between England and India, 
under English control alone, the prospectus of which 
is soon expected to appear. 

The farce of continuing the Calcutta mail vid Galle 
has again been strikingly exemplified. On the 13th 
September the Mongolia arrived at Calcutta with the 
London mail of the 10th August, the mail of the 18th 
August reaching Calcutta vid Bombay on the same 
day—a whole week having been saved by the latter 
route. At Simla, and throughout the north-west, the 
difference in favour of the Bombay route was even 
greater, the mail of August 18th, wd Bombay, reach- 
ing Simla before the mail of the 10th ‘ion had 
reached Calcutta, having travelled from London to the 
north-west in twenty-five days. 

Sir John Lawrence has recommended to the Secre- 
tary of State the completion of Lord Dalhousie’s great 
trunk line of railway to connect Delhi with Baroda, 
through Rajpootana and Neemuch. ‘The distance is 
upwards of five hundred miles, and almost eight mil- 
lions of capital will be required. The advantage of 
this line over that proposed up the Indus valley is both 
political and commercial ; it will place Bombay in con- 
nexion with Lahore, and run through turbulent native 
states where there are no means of communication at 
present. 

The Seerctary of State has called for a special report 
from the Government of India as to the origin and 
extent of the famine, and the measures of relief that 
have been adopted; “but it is to be hoped,” the Zimes 
of India remarks, “that this report may lead to the 
“ appointment of a Royal Commission, since nothing 
“ short of this will satisfy the public either in England 
“ or in India, and the impression is becoming general 
“ that this season will not see the last of the famine in 





* the south-west of Orissa.” 
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THE UNITED STATES TORPEDO VESSEL “SPUYTEN DUYVIL.” 
CONSTRUCTED FROM THE DESIGNS OF CAPTAIN W. W. W. WOOD, UNITED STATES NAVY. 
(For Description, see Page 322.) 
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THE UNITED STATES TORPEDO VESSEL “SPUYTEN DUYVIL.” 


CONSTRUCTED FROM THE DESIGNS OF CAPTAIN W. W. W. WOOD, UNITED STATES NAVY. 
(For Description, see the following Page.) 
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THE “SPUYTEN DUYVIL.” 

Tne torpedo-boat “ Spuyten Duyvil” of which we give illus- 
trations on pages 320 and 321, was designed and constructed early 
in 1865, just before the fall of Richmond, and was intended for 
employment during the late American war. Owing, however, 
to the struggle being brought to an end soon after the vessel 
was completed, she was never taken into action; but by her 
aid the whole of the obstructions in the James River were 
removed before the passage of the President to Richmond. The 
torpedo-laying machinery was designed by Captain William 
W. W. Wood, Chief Engineer, U.S.N., and constructed by 
Messrs. Clute Brothers, of Schenectady, whilst the hull of the 
vessel was designed by Mr. Samuel H. Pook, naval constructor, 
and was built at Fairhaven, Connecticut. The whole construc- 
tion of the vessel only occupied three months. 

The general appearance of the vessel is shown by the side 
elevation and plan, Figs. 1 and 4, whilst in Figs. 2 and 3 are 
given, respectively, a longitudinal section and sectional plan, 
which show clearly the arrangement of the torpedo machinery. 
The length of the vessel over all is 84 ft. 2 in., and her length 
from the after edge of her stern post to the forward edge of the 
gate frame is 73 ft. 11 in., whilst her breadth moulded is 19 ft., 
and her extreme breadth 20 ft. 8in. The depth of her hold is 
9 ft. 114 in., and her draught when launched with 10 tons of 
torpedo machinery and 2} tons of her propelling engines on 
board was 4ft. When fully equipped, this draught was in- 
creased to 7 ft. 5}in., and, by pumping water into compartments 
provided for the purpose, as will be explained presently, this 
draught can be increased to 9 ft. 1 in. when the vessel is going 
into action. At this latter draught the water is about level 
with the gunwale, but, owing to the arched form of the deck, 
the vessel has still under such circumstances 250 tons of flota- 
tion left, or, in other words, on additional load of that amount 
would be required to sink her. 

As will be seen by the engravings, she is constructed of 
timber, and the deck, as well as the sides near the water line, 
is protected by iron plating 1 in. thick. A little ahead of the 
middle of the vessel a look-out tower or pilot-house is provided, 
this tower, which is shown in elevation in Fig. 1, and section in 
Fig. 2, being 5 ft. in diameter outside, and being constructed, for 
a height of 2 ft. 8in. above the deck, of twelve layers of iron 

lates, each 1 in. in thickness. ‘The total weight of this pilot- 
nouse is 25,000 1b., and its construction is clearly shown in 
Fig. 2. The vessel is propelled by a single four-bladed screw, 
and the engines for euler the propeller were constructed at 
Mystic, Connecticut, by Messrs. Mallory and Co. When at her 
usual draught the vessel will steam 9 miles per hour; but when 
immersed to the gunwale, ready for going into action, her speed 
is reduced to from 34 to 4 miles per hour; her movements are 
stated to be quite noiseless. She is provided with stowage for 
160 tons of coal, equal to eight days’ consumption. ‘The pumps 
used for filling an emptying the compartments, by which the 
degree of immersion of the vessel is regulated, are a pair of 
Andrews’s centrifugal pumps of the size known as “No. 6.” 
These pumps are situated a short distance ahead of the pilot- 
house, us shown in Figs. 2 and 3, and they are each driven by 
a small oscillating engine, the crank-shaft of each engine being 
coupled direct to the shaft of the pump to which it belongs. 
One of the pumps—that on the port side—bhas its suction pipes 
so arranged that, in addition to drawing from the water com- 
partments or the sea, it can draw from the reservoir or tank in 
the fore part of the vessel, in which the torpedoes are placed, 
as will be explained presently. 

We must now proceed to South the machinery by which the 
peporees are laid, and for this purpose we must refer princi- 
pal y to Fie. 2 and 3. The lower part of the bow of the vessel, 
nstead of being made solid as usual, is composed of two iron 
flaps, each hinged at the top, as shown in Figs. 1 and 2. When 
closed, the outer surfaces of these flaps correspond to the 
general shape of the bow, and, when the torpedo machinery is 
not being worked, they are kept down in their places by means 
of chains attached to them near their lower edges, and passing 
in through a pair of oe situated between the flaps. 
Each chain, after entering its hawse-pipe, is attached to an iron 
rod, these rods passing into the vessel through stuffing- boxes 
at the inner ends of the hawse-pipes. From the inner ends of 
these rods chains are led, over guide pulleys, to the ends of a 
winch, situated as shown in Figs, 2 and 3, and by means of this 
winch, which is worked by hand, the flaps can be closed when 
required. The opening of the flaps is effected by the arrange- 
ments shown in Figs. 1 and 4, from which it will be seen that 
each flap has a chain attached to the outside of it, and that these 
chains, after being led up over guide pulleys supported by 
brackets placed at the level of the gunwale, are crossed and then 
led down through hawse-holes in ihe deck to the winch below. 
The chains for opening, in fact, form continuations of those for 
closing the flaps, or vice versd. 

At the bow of the vessel, within the space enclosed by the 
two flaps already described, there is formed an opening fitted 
with a sluice valve, as shown in Fig. 2. This valve slides ver- 
tically, and is raised and lowered by means of « screw, which 
can be worked by hand through the intervention of suitable 
gearing The arrangement of gearing employed is shown in 

‘ig. 8. When the sluice valve is opened, it admits the water 
into a strongly constructed iron tank or reservoir 6 ft. 2 in. long, 
4 ft. deep, and varying from 2 ft. 3in. to 3 ft. wide. At the top 
of this tank there is a manhole fitted with a cover, hinged and 
fastened so that it can be readily removed and replaced; and 
from the lower part of the tank, a suction pipe proceeds to one 
of the Andrews’s pumps already mentioned. ‘The after end of 
the tank is fitted with a gun-metal sphere 18 in. in diameter, 
this sphere being held by two flanges as shown in Fig. 2, so 
that it forms a ball-and-socket joint. Through an opening in 
this sphere provided with a stutling-box, there is carried the 
tube by the aid of which the torpedoes are projected from the 
vessel. ‘This tube is about 20 ft. long, and has an external dia- 
meter of 5in, and an internal diameter of 3in. It was made 
by Messrs. Morris, Tasker and Co.,'the well-known tube makers 
0! 


Philadelphia, and is a very superior specimen of workmanship. 
with a bell-mouthed casting of gun-metal, and to this is 





The end of the tube which projects into the tank is furnishea 
attached a light cylindrical casing of sheet iron, within which 





the torpedo to be fired is placed, the inside of the casing being 
furnished with ribs, upon which the torpedo rests. Each 
torpedo is furnished at its rear end with a knob, or button- 
shaped projection, and, when a torpedo is placed in the one 
just mentioned, this knob is clipped by fingers carried at the en 
of a tubular rod, which slides through the main tube already 
described ; and by this means the torpedo is held in its place in 
the casing until it is desired to release it. 

Within the spherical joint, the main tube is led through a 
kind of guide tube, which is capable of turning, in a vertical 

lane, upon side trunnions; these trunnions being ——- by 
earings which work in vertical guides, and are capable of being 
raised or lowered by the arrangement shown in Fig. 2. ‘This 
arrangement is as follows: From each bearing a chain is led, 
over a guide pulley situated at the top of the guide belonging tc 
that bearing, to an arm fixed on a rocking-shaft placed close to 
the floor of the vessel. On this rocking-shaft there is also fixed 
another arm, and from this a chain proceeds aft to the piston-rod of 
a horizontal steam cylinder, placed as shown in Fig. 2. This 
cylinder is provided with a slide-valve, by which the steam can 
be admitted to or released from the forward end of the cylinder 
at pleasure; and, when the steam is so admitted, it drives back 
the piston, and, by means of the arrangement of chains and 
rocking-shaft already described, raises the guide tube, through 
which the main tube passes, and thus depresses that end of the 
latter which carries the torpedo. The extent to which the 
piston in the steam cylinder is driven back, and, consequently, 
the extent to which the guide tube is raised, is regulated by 
means of a screw which passes through the back cylinder cover, 
this screw, which is furnished with a hand-wheel and check-nut, 
forming a stop against which the piston rests when driven back 
by the steam. 

The machinery for projecting and withdrawing the tube 
carrying the torpedo, consists of a couple of chain drums 
worked by gearing which is driven by a rotary engine made by 
Mr. Root, of New York. One of these drums is placed in the 
tank or reservoir in the bows of the vessel, and the chain from 
it is used for hauling in the tube. In order to prevent the 
chain from overriding on the drum, it is guided by passing 
through a suitable block which, as the drum revolves, is moved 
transversely along the drum and deposits the chain in regular 
coils. The transverse movement of the guiding block is given 
by a screwed spindle which has a pinion fixed on it gearing into 
a spur wheel on the chaindrum. The hauling out of the torpedo 
carrier is effected by means of a chain attached to its inner end 
and led to the second chain drum which is placed above and 
slightly abaft the tank, as shown in Fig. 2. The arrangement 
adopted for guiding the chain is the same in this case as in that 
of the hauling-in drum. Each drum is loose upon its shaft, 
but is capable of being connected to it by a clutch, the two 
clutches being connected by levers so that they can be thrown 
into gear alternately. ‘The tube can be run in and out by the 
machinery which we have described at the rate of from 8 to 12 
double strokes per minute. 

The manner in which the torpedo machinery is worked is as 
follows :—Supposing the tube to be charged with a torpedo, and 
the various parts to be in the pésitions shown in Fig. 2, then, 
in order to use the torpedo, the two flaps forming the lower part 
of the bow would be opened, the sluice raised, and the tube 
projected by means of the chain leading from the inner end to 
the hauling-out drum. The torpedo would then be thrust from 
the case at the end of the tube by means of the tubular rod to 
which the holding fingers are fixed, and, the torpedo being de- 
tached, the main tube would be withdrawn by means of the 
hauling-in chain. In order to place another torpedo in the 
case at the end of the tube the sluice has to be closed, and, the 
tank having been emptied of water by the centrifugal pump 
already mentioned, the manhole at the top of the tank can be 
opened and access thus obtained to the torpedo holder. The 
emptying of the tank can be effected by the centrifugal pump in 
about four seconds, and the whole of the operations which we have 
described can be performed at such a rate that a torpedo can 
be discharged every three minutes if required. 

The vessel was intended to use torpedoes containing 400 Ib. of 
powder; but those actually employed by it contained 60 Ib. of 
fine powder of the kind known in the American service as No, 7. 
The *‘ obstruction shells” have each an air space left round the 
powder, so as to allow of the free expansion of the gases, and the 
torpedoes intended for use against vessels are of slightly less 
specific gravity than water, so that when released trom the 
holder they rise slowly until they come against the bottom of the 
vessel under which they are placed. We must now describe the 
means employed for firing the torpedoes. As will be seen by the 
section, Fig. 2, the powder is so placed in the torpedo that, when 
the latter is released, it floats nearly upright with its point down- 
wards. Within the torpedo case, on one side, is placed a tube, 
at the lower end of which is a percussion fuse in communication 
with the powder. At the upper end of the tube is a ball, which 
is held from falling upon the percussion fuse by a sliding pin placed 
beneath it. This pin passes out through the torpedo case, and has 
an eye formed at its outer end, as shown in Fig. 2. When the 
torpedo is placed in the casing at the end of the projecting tube, 
that side of the torpedo through which the sliding pin just men- 
tioned projects is ead downwards, and one end of a cord is 
attached to the eye of the pin, and the other end to another eye 
fixed to the casing at the end of the projecting tube. The length 
of this cord is regulated according to the distance at which it is 
desired to fire the torpedo—the length generally employed being 
about 20 ft.—and it acts in the following manner: When the 
torpedo has been projected by means of the tube and released, 
the tube is of course drawn back, and as this movement takes 
place the cord is tightened, and the sliding pin is withdrawn 
from the torpedo case, this movement releasing the ball and 
allowing it to fall upon the percussion fuse, aud explode the 
torpedo. 

For working the vessel and torpedo machinery nine persons 
only are required, this being the total number of the staff on 
board, including the officers in command, engineers, &c. Since 
the “Spuyten Duyvil” was constructed, another torpedo boat 
has been designed by Captain Wood to steam from 14 to 15 knots, 
the torpedo machinery being, in this case, so arranged that the 
tank at the fore part of the vessel is dispensed with. Although 
drawings of the “Spuyten Duyvil” were furnished to our 


Admiralty some months ago by Mr. Donald McKay, no account 
of the vessel has been published before the present one, and the 
illustrations of the vessel which we now give have been prepared 
from tracings kindly lent to us by Captain W. W. W. Wood. 








THE WATERWITCH. 


To Tue Eprror oF ENGINEERING. 


Srr,—I have, in common with probably most of your readers, 
read with much interest the account of the experimental trip 
with H.M.S. Waterwitch, which appeared in the Times of the 
20th instant. 

Every one, I am sure, must wish Mr. Ruthven (the inventor 
of the method of propelling by the ejection of water) success in 
his long-continued exertions to bring the matter to bear against 
great and numerous difficulties, both physical as well as moral. 

The mode of propelling adopted by Mr. Ruthven may be 
examined under two chief aspects, namely, as to its relative 
economy compared with other methods of propelling, and as to 
the convenience and power of maneuvring which it affords to 
any ship. On the first head, that of economy, I am afraid it 
will not bear comparison with the ordinary screw propeller, 
whilst under the second head of facility in manceuvring | have 
no doubt the invention offers many advantages over existing 
methods. 

With respect to the economy of this application of power, I 
will first remark upon the comparison given in the article in the 
Times of the performance of the Waterwitch with that of 
H.M.S. Viper, a vessel said to be identical with the Waterwitch 
in tonnage, lines, engine power, and speed, but propelled with 
twin screws. 

Now the first thing that strikes me as singular is the enor- 
mous difference between the performance of the Viper, from the 
data offered, and that of a vessel of which we have all of us 
heard so frequently, namely, the ancient Rattler, contrasting in 
the following table her dimensions, power, and speed, extracted 
from the tables of steamship performance given by Mr. Murray 
in his Rudimentary Treatise on the Steam Engine, published by 
Weale in 1852, with those of the Viper, assumed from the 
Times to be the same as those of the Waterwitch. 
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We have seen the Rattler, with 100 tons more displacement 
84 in. greater width of beam, 1 ft. 6 in. greater draught of water, 
and with 428 indicated horse power, going 10 knots, whilst with 
750 indicated horse power, the Waterwitch and Viper only make 
9 knots. Now how isthis? The only apparent cause is in the 
extra length of the Rattler, and we also know that the Rattler 
was a coppered ship, whilst the other two are of iron. Let us 
examine a little how far these causes are sufficient to account 
for the difference, and see whether, in effect, the Viper does not 
consume an inordinate amount of power; because, if so, it is no 
compliment to the Waterwitch that she only equals the per- 
formance of the Viper. When the Rattler went at a speed of 
9.89 knots (see Murray, page 150), the pressure on the screw- 
shaft by the dynanometer was 3.61 tons. 

At page 138, the Rattler is said to have made 10.07 knots 
with a slip of screw of 10.72 per cent. Increasing the resist- 
ance as the square of the velocity, 10.07 knots would require a 
— of 3.7 tons, and 3.7 tons X 17 ft. per sec. X 4=252 

orse-power. Now the indicated horse power given in the table, 
is 428, being 1.7 times the above power of 252. 

Let us now endeavour to arrive at the actual poe required 
to propel the resistance proper of the Waterwitch at the speed 
of 9 knots, and contrast the result with the 750 horse power 
actually developed by the engines of the Waterwitch on her trial 
trip. 

i we assume, as well as we can from the data in the Times, 
the area of the immersed midship section of the Waterwitch at 
300 square feet, and area of wetted surface=5000 square feet, 
then, with the proportion given of breadth to length of 1 to 4, 
the equivalent area of square acting surface will be 

square feet. 


Skin resistance 5000 + 211 
Plus and minus 
resistance ... 300 — 25x2= 


Total oe 
Now 9 knots an hour = 15 ft. per second, at which speed 
one square foot has a resistance of 225 |b. ; 


hence 225 x 47 x 15 ft. per sec. = 290 horse power. 


55 

Now the whole power of 750 divided by 290 gives 2.6 times the 
net power, instead of 1.7 times only, as required for the Rattler. 
The above comparison appears to make out a very bad prima 
facie case for the economy of the Viper; for, if that vessel were 
We gy with the same proportion of surplus power as the 
Rattler, the gross power would only be 290 x 1.7=493, instead 
of 750 horse power as actually used. : 
Prior to giving a calculation of the power required for pro- 
pelling the Waterwitch on the above plan, it may be useful to 
describe generally what goes on in the process. Taking, then, 
a vessel whose resistance proper (that is, the resistance it would 
offer to a towing-rope drawing it through the water) is of any 
given amount, the process of propelling by water requires that 
a given weight of water should be taken into the ship in every 
second of time, and that it should acquire the same velocity as 
the vessel. This evidently increases the resistance of the vessel, 
and to make the propelling power equal the whole resistance, the 
water introduced into the interior of the vessel must be ejected 
at @ greatly increased speed to that at which it entered. The 





engine power on board must thus be such as will raise the whole 
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of the water received up toa level sufficiently high to force it 
out again at the required speed; but in estimating this altitude 
it must be borne in mind that the entering water would theoreti- 
cally be raised in the interior of the vessel to the height of the 
column due to the speed of entry, above the head of the water 
line. In my calculation, to be on the safe side, I only take one- 
half this altitude. We must also consider the height to the 
centre of the discharging nozzles above the water line. 

Now, the proximate cause of the loss of power of this method 
of propelling over other methods consists chiefly in the great 
velocity it requires for the ejection of the water, in consequence 
of the limitation to the sizes of the nozzle apertures which 

ractical conditions enforce. 

In the Waterwitch, for instance, the joint area of these aper- 
tures is 6 square feet, whereas, if propelled by paddle-wheels, 
the united area of all the paddles acting at one time upon the 
water would be above 100 ft. 

It is true that any amount of motion, necessary to be given 
to a certain weight of water, may be more economically given 
by raising such water and allowing it to flow out of an aperture 
rather than by acting upon it by a paddle moved with uniform 
velocity, but this simply mitigates the loss without doing away 
with it. 

I now offer a calculation of the net power which should be ex- 
pended by the Waterwitch, on the foregoing suppositions, viz., 
that the resistance proper of the vessel is 225 lb. x47 sq. ft. 
=10575 lb., or 4.27 tons; that the water is expelled without 
friction, that the speed of the vessel is 15 ft. per second, and 
that the water escapes from the nozzles at a speed somewhat 
exceeding the angular velocity of the periphery of the turbine 
wheel when making 414 revolutions per minute, namely, that 
the water escapes ata velocity of 373 ft. per second, or such as, 
with the joint area of both nozzles (viz., 6 square feet), will 
deliver 6} tons of water per second. 

Under these circumstances the resistance of the vessel will 


tons. 
Resistance proper ose ove eee ane oe 427 
Constant resistance due to taking in 64 tons of water 
per second at a speed of 15 ft. per second : 63 tons 2.9 
X15 ft. per sec. 32 ... ese 





Total resistance 7.17 


and the power to balance the resistance will be the issue of 
63. tons of water at a speed of 87.5ft. per second. This gives 
6}X 37.5--32=7.6 tons, or a little more than the resistance. 

To give the escaping water a speed of 37.5 ft. per second, 
supposes it to be raised to a height of 22 ft. above the centre of 
the outlet pipes, which is 1 ft. above the water line, therefore 
the water is raised 23 ft. ; but from this has to be deducted 2 ft., 
equal to half the height to which the water wouid rise within 
the vessel in virtue of the speed of 15 ft. per second, at which 
it enters, thus leaving the final height at 21 ft. Then the power 
is 6.25 tons X 21 ft.x 11=525 horse power. The total indicated 
horse power may, then, be thus divided: 


oo one eee 


H.P. 


Net power in propelling the vessel ... .. o 290 


Additional power attributable to working the water-jets,) 
on the supposition of the absence of loss from fric- } 235 
tion, Ge. see see cee cee cee 00 tee ove 

Loss attributable to friction of water, bands, &c., in 
the hydranlic part: of the apparatus, and to tet 225 
friction of the engines ... ... ss as 


Total ... 750 


With regard to the observations injthe Times, * that no one 
“can say whether it would be better or worse for the vessel if 
“the discharging nozzles were entirely submerged, and, as to 
“ diversity of opinion as to the precise point at which the 
“ propelling force is first brought to bear upon the vessel,” I 
am of opinion that submerging the nozzles would make it 
worse for the vessel, and for this reason, that although the force 
of reaction of the issuing water would be increased in some 
degree according to the depth of submergence, the resistance 
of the forward end of the nozzle would always increase in a 
greater degree, The extra reaction would, in fact, just equal 
the statical pressure of the water on the full area of the nozzle, 
leaving the resistance due to the speed of passage of the nozzle 
through the water entirely in excess. I am aware that it has 

proposed to diminish this resistance by covering either 
nozzle at pleasure (according to the direction in which the 
vessel moves) with a sloping cover of iron. ‘This would, of 
course, diminish the resistance, but it would, I fear, be difficult 
of application, and very apt to be injured. 

As regards the point where the propelling force acts upon the 
vessel, it appears pretty clear that this takes place at the curve 
formed by the nozzle-pipes with the pipe leading from the 
turbine wheel. All the forces developed within the case of the 
turbine wheel (with the exception of those above referred to) 

lance one another by acting in opposite directions. 

, ‘Having now examined, I trust not unfairly, the merits of the 
mvention, I will just add that the proper application of this 
Means of propelling appears to be in eases where, from the 
small draught of water of the vessel, a sufficient area of screw 
propeller cannot be obtained, or where, in confined and shallow 
channels, the water gets into such rapid motion past the vessel’s 
stern as to place the ordinary screw at a great disadvantage. 

The power of mancenvring is, no doubt, a great advantage. 
The only point whieh occurs to me at present, on this head, is 
i relation to the water-box forming the inlet to the turbine 
wheel, as to whether the apertures in the ship’s bottom can be 
80 shaped and so situated as to suit equally well whether the 
vessel goes ahead or astern. 

I am, Sir, your obedient Servaut, 


Gro. H. Purprrs. 
London, Oct. 24, 1866. 


_ P.S—It would be very desirable that all the particulars of 
imensions, power, immersed midship section, speed on the 
trial trip, &., of H.M.S. Viper should now be republished, as 
- further particulars of the Waterwitch, namely, the area and 
ak of her immersed midship section and area of total wetted 
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EXPRESS LOCOMOTIVES. 
To THe Eprror or ENGINEERING. 


Sir,—While thanking you for your article in last Friday’s 
impression relative to the express passenger engines which I am 
at present engaged in designing, allow me to rectify one or two 
clerical errors and to add a few words. 

1st. The effective heating surface of firebox, that above fire- 
bars, is 101.5 square feet, and not ‘‘ 94,” as stated. 

2nd. The external heating surface of the tubes (No. 86) is 
732 square feet, instead of “770,” making the total heating sur- 
surface 833.5 square feet. 

I have made the boiler as large as it is consistently possible, 
taking into account both the gauge (4 ft. 8} in.) and diameter 
of coupled wheels, the —— point being to ensure a good 
strong junction round the firebox casing, the difficulty being at 
the sides. Were the boiler barrel increased in diameter, it would 
entail a compression of the casing sides to obtain sufficient 
clearance, most objectionable, and which I have avoided by a 
4 ft. Lin. barrel, external diameter. 

The brick arch I have brought up within 2 ft. from the back 
of firebox, having found from various trials, and adopting dif- 
ferent lengths of arches, that this distance appears to give the 
best results as to the economical combustion of the fuel, the area 
of the firegrate being 22} square feet. 

With regard to the tubes I have adopted, my motives for 
doing so are that the engine will carry its water better and make 
more steam for the long distances which it will have to run, 
and at the same time the use of coal only has induced me to 
adopt a larger diameter of tube; for I have often observed that 
those now in general use, averaging from 14 in. to 1fin. internal 
diameter, are completely choked up after running long distances, 
thereby rendering the effective heating surface useless; and 
again the ferrules at each end tend in some slight degree to pro- 
mote an accumulation of cinder, &c. I find, taking the tubes 
adopted, 24 in. external diameter will, after deducting the thick- 
ness of tube and ferrule, have an effective draught opening nearly 
2 in. in diameter, while in those at present it does not average 
more than 1}in. to 1} inches, taking into account their long 
length—viz., 12 ft. Ihave no doubt that, with the slower rate 
of linear draught, their effective heating value will be found to 
give thoroughly satisfactory results. 

In adopting 18 in. inside cylinders, the maximum size for the 
narrow gauge without angling the valve spindles, I have, to 
ensure a good and clear exhaust, raised the centre line of ports 
1} in, above that of the cylinders, thereby obtaining sufficient 
area throughout the passage into blast pipe, which could not 
have been done had the centres been kept uniform. The valve 
spindles, however, remain in the original line of centres. 

The total weight of engine in working order is approximately 
calculated as follows :—Leading 11 tons 10 ewt., driving 13 tons, 
and trailing 10 tons, This places the horizontal centre of 

avity 65 in. in front of the driving axle, leaving no doubt as to 
its steady action at high speeds. 

The effective adhesive weight being assumed at 23 tons, the 
power under the most disadvantageous circumstances would be 
equivalent to its drawing a load of 100 tons gross up an incline 
of 1 in 100. 

The pressure of steam in the boiler being 1801b. per square 
inch will ensure a more economical working by a greater degree 
of expansion in the cylinders. Assuming it cut off at $ths of 
the stroke, it would give a tractive power on the rails of 
12,300 Ib., equivalent to a cut off at } stroke at a pressure of 
160 lb., the generally adopted pressure, é.¢., assuming the con- 
ditions to be the same. 

Although the working pressure is assumed at 180 1b., the 
parts are so arranged and strengthened that a pressure of 
200 1b. per square inch can be worked up to if required ; thereby 
a greater degree of expansion can be adopted. 

The total wheel base, 18 ft. 6 in., will allow this engine to work 
round an 8 chain curve far below the average of main line 
curves. 

I have taken the adhesive power as above under the most un- 
favourable circumstances, but, taking into account the ordinary 
working power of these engines, they will take thirty loaded 
carriages, averaging 8 tons each, at a speed of sixty miles per 
hour ona level. 

The foregoing embrace the principal features, so that you can 
make the necessary corrections. I do not send you this letter 
for absolute insertion, but there is no objection to mentioning 
my name as the designer of the engines. 

Faithfully, &c. 
T. W. RUMBLE. 
5, Westminster-chambers, Victoria-street, S.W. 
October 25, 1866. 

[We have thought that Mr. Rumble’s letter better conveys 
his views than we could have expressed them, and have there- 
fore printed it.—Ep. E.] 








Civi. AND MrcuanicaL Enoiveers Socrery.—A paper 
was read before this Society on Wednesday evening, ‘‘ On the 
Principles of Construction of the Paris Exhibition Building,” by 
Mr. C. Ormsby Burge, Assoc. I.C.E. The author pro- 
ceeded to give a general description of the main features and 
proposed arrangements of the building, entering into an investi- 
gation of the strains produced by the roof of the “ Grand Nef,” 
which is of somewhat peculiar construction, It was described as 
consisting of a series of wrought-iron arched ribs, supported by 
pairs of columns of the same material, which rise about 20 ft. 
above the springing of the arches, and connected together at the 
top by wrought-iron ties. These ties, as well as the fixture of 
the columns at the base, resist the horizontal thrust of the 
arch, and a girder-like strain is thus produced in the main 
columns. This paper was illustrated by several drawings and 
diagrams. 

Buiast Furnaces.—The Rosedale and Ferryhill Iron Com- 
pany, whose works are at Ferryhill, in Durham, are about 
Starting the two large new furnaces, of which the ironwork has 
been made by Messrs. W. H. and G. Dawes, of the Milton Iron- 
works. ‘The furnaces, of which drawings are in course of pre- 
paration for our columns, are 27 ft. in diarmeter in the boshes 
and 102 ft. high, and are thus the largest ever constructed. 





RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the present year, 1866, and the 
year should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery-lane. 

(No. 513, 1s.) Joshua Kidd, of Battersea-rise, 
London, patents a vaporiser for heating oil or other 
hydro-carbon from the upper surface, the resulting 
vapour being employed for carburetting air or gas for 
lighting or burning as fuel. 

No. 516, 8d.) Prince Smith, of Keighley, patents 
a double spring-hanger for weighting the top ‘rolls 
of spinning or doubling machines. Instead of a single 
spring on one side of the neck of the roll he employs a 
U-shaped hanger embracing both sides of the neck of 
the roll, and having a coiled spring and adjusting nut on 
each of the upper ends of this hanger, so as to equalise 
the pressure on the roll. 

(No. 520, 6d.) Thomas Kennedy, of Kilmarnock, 
in a patent for water-meters, repatents the rolling 
packing, and the form of piston employed with it, as 
patented several years ago by Mr. Woodcock, of Man- 
chester. 

(No. 521, 8d.) Alfred Moore, of Moore, Cheshire, 
patents working railway distant signals by means of 
pressure transmitted through liquid in a tele, instead 
of by wires. The poco. ot is to be moved by a 
piston pressed y omg by the liquid in a cylinder below 
the signal, and this liquid, which we will suppose to 
be water, is to be pressed by a corresponding piston 
moving in a cylinder at the working end. For short 
distances and great pressures water is an excellent 
medium for transmitting pressure, but for long dis- 
tances and small pressures the difficulties of leakage, 
freezing, internal rusting, and the varying expansion 
of the water itself, all form objections to the plan. 

(No. 524, 1s. 10d.) J. A. Warwick, of Derby, 
sey a mode of ascertaining whether distant signal 
amps on railways are burning or not. The heat of the 
lamp, in burning, is to act directly upon and expand 
any suitable metallic rod, and by this expansion to 
complete ap electric circuit. When the lamp goes out, 
the expanded rod contracts and breaks the circuit. 

(No. 530, 8d.) H. 8. Swift, of Peckham, proposes, 
as so many have done before him, to pump water out 
of the stern of a ship to drive it tied his forcing 
apparatus consists of two screw propellers working in 
chambers of water, instead of, where they ought to 
work, in the sea. In a further patent (No. 539, 6d.), 
Mr. Swift patents this forcing apparatus, which is very 
old, for pumping water dentille. 

(No. 533, 8d.) W. EK. Gedge, of 23, Southampton- 
buildings, Chancery-lane, patents, as a communication 
from a French inventor, a steam boiler, which, as he 
states, is “intended to reduce the power which pro- 
duces the calorie.” It is a cylindrical boiler, having 
water jambs, or walls, at the sides of the grate, these 
communicating by tubes with the barrel of the boiler. 
The invention is one of great antiquity. 

(No. 543, 8d.) N. R. Hall, of Rosherville, patents 
a letter balance, in which the counterweight to the 
the article weighed is constant, but rises in the 
quadrant of a circle, and acts according to its hori- 
zontal leverage, as in Woolf’s safety-valve lever, often 
repatented within the last fifty years. 

(No. 545, 1s.) J. D. Brunton, of 6, Leighton- 
crescent, Kentish-town, patents peat machinery, which 
could only be understood from a drawing, and which 
does not appear to possess any novelty of principle. 

(No. 546, 10d.) Robinsons and Smith, of Accring- 
ton, patent a mode of making weavers’ reeds. A con- 
tinuous wire is to be bent backwards and forwards to 
form the dents, and at the bends of this wire, top and 
bottom, they are to be threaded upon coiled springs 
extending for the length of the reed. Wires are 
furthermore to be run through these springs to hold 
the dents, and the ends of the dents with the springs 
and fastening wires are then to be sheathed or framed, 
top and bottom, by a metal tube having a slot along its 
under side. 

(No. 548, 10d.) John Walker, of Cowper-street, 
City-road, London, patents a mode of working guns in 
forts and on board ship. The gun is to be supported 
within a large tube, perhaps a foot larger in domcier 
than the gun, and of twice its length. This tube is 
supported, in turn, upon a stout vertical spindle, pass- 
ing down through the deck, the whole bemg made to 
revolve, as required, through a range up to a quarter 
of a circle, by means of gear like that for working the 
turrets of the monitors, Two, three, or more port- 
holes, side by side, are to be made in the side of the 
fort or ship, to suit different directions of fire. ‘This 
arrangement is a clumsy and disadvantageous applica- 
tion of the turret system. 
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UNDERSINKING WITH THE JHAM. 

In an article on the railway bridge over the Jumna 
at Allahabad, which appeared at page 172 of Enervzen- 
1NG, for 7th September last, reference was made to the 
use of a tool, called the jham, in excavating sand from 
the interior of the cylinders forming the foundations for 
the piers of that structure. Similar means were also 


form the support of the piers of the Solani aqueduct, 
by which the Ganges Canal is carried over the torrent- 


cupleyed in undersinking the masses of masonry which | 


round the barrel of which a chain was wound attached 


| to the outer end of the arm, the jham being thereb 
| tilted into position and brought up filled with sand. 
It required ten men at the windlass to move the jham 


| when bedded and coveyed with sand. It was then 
| drawn up to the top, apd, when emptied, the same 
| process was repeated until the wells had attained their 


required level. Fig. 2 is a sketch of this operation as 
carried out in sinking the foundations of the Allahabad 
railway bridge. 










































































bed of the Solani river, between Muhewur and 
Roorkee. 

The jham consists of a large shovel or, more properly 
speaking, a phaora, which is worked either by hand at 
moderate depths, or by divers at levels below the spring 
water. To this there is a rope attached, which, by the 
aid of a windlass, is pulled up, and the soil with which 
the jham is laden is thrown out or removed. The 
following description of how this instrument was used 
at the Solani aqueduct works is given in Sir Proby 
Cautley’s large work on the Ganges Canal, published 
in 1860. 

A wooden curb or frame was first placed in the 
position in which the block was to be sunk; a certain 
portion of the masonry was then built up, and permitted 
to stand over for induration. Each masonry cube was 
perforated by four square or octagon holes, over each 
of which a common tressel windlass was placed ; the 
soil was then simultaneously removed by means of the 
jham. Professional well-sinkers were not used in any 
awe of these works, as, in the first place, they could 

iardly have been collected in sufficient numbers ; and, 
secondly, it was found that the system adopted was 
somewhat original, and that it was as easy to instruct 
the common labourers of the country to work the 
jhams and to undersink the blocks, as it would have 
een to break through the prejudices of the professed 
well-sinkers. The trade does not recognise windlasses, 
but works the rope over a pulley fixed on a support 
altogether detached from the, block. By this arrange- 
ment the weight of both men and material, by no means 
an element to be lost sight of in aiding the depression 
of the masonry,.is sacrificed. The jham, too, that was 
used on the aqueduct works had a socket attached to 
the handle end of the blade, which received the end 
of a long pole, by the aid of which the machine was 
able to be worked to a depth of 20 ft. without the 
assistance of divers, or men actually in contact with 
the jham. Fig. 1 illustrates this operation as conducted 
on the Ganges Canal works. 

The jham used at the Allahabad bridge works was 
formed of wrought iron, with a scoop 2 ft. 2 in. wide 
and 2 ft. 4 in. long, made thin and sharp at the front 
edge, and supported by two stays fixed to the sides of 
the scoop, ro also made thin and sharp at their front 
edges for penetrating the ground readily. The whole 
weighed about } cwt. 

By means of a couple of ropes attached to the inner 
extremity of the projecting arm, the jham was lowered 
by hand to the bottom of the well, till the cutting edge 
of the scoop and outer end of the arm rested upon the 
sand. Then, with the weight of two or three men 
bearing on the top of the vertical pole attached to the 
inner end of the arm, the scoop was raised a short 
distance, and then permitted to fall with the weight of 
the men bearing upon it, and its cutting edge thus 
forced into the sand. By repeating these strokes the 
scoop was forced down sufficiently deep into the sand, 
and then, with the weight of the men still on the pole, 
the jham was hauled up by means of the windlass, 


THE LADOGA CANAL, RUSSIA. 


THe new Ladoga Canal.has recently been in- 
augurated. The first canal was commenced by Peter 
the Great, in order to develop the commerce of St. 
Petersburg, and was not opened till twelve years later, 
in the reign of the Empress Anne. The defective 
system of locks, the periodical lowering of the level of 
Lake Ladoga, but principally the want of water ren- 
dered this work inadequate to its purpose. ; 

In 1774 the canal was entirely dried up; in 1826 
the navigation was interrupted, and it was anticipated 
that the capital would be deprived of the means of 
supply. New locks were constructed of granite in 
the reign of Nicholas; but of late years the obstruc- 
tion of the canal has been more felt, and it became 
necessary to restrict the draught of water of ships. 
It was feared that navigation would soon be stopped, 
and the prospect was a continual source of alarm. 

To remedy this state of things, the project was con- 
ceived of constructing by the side of the old canal a new 
one, without locks, at the same level as the Lake 
Ladoga, and in such a manner that there should 
always be a sufficiency of water for navigation in it. 
Animperial ukase ofthe 28th February (old style), 1864, 
commanded the commencement of the works, the con- 
tract of which was let for the sum of 4,600,000 silver 
roubles, or 719,325. sterling, and was to be completed 
within the space of five years. The works are now 
completed, and the project of Peter the Great, who 
intended that the first canal should be constructed 
without locks, is now realised. 

St. Petersburg no longer has to fear, as formerly, 
the disaster occasioned by scarcity of water in the 
canal, and the navigation, shared by the old and new 
canals, will be rendered more easy and rapid. 

The canal was inaugurated by the Emperor and his 
ministers at Schlusselbourg. The boat of Peter the 
Great was placed on board a vessel, with two silver 
shovels, one having belonged to this prince and the 
other to the Empress Anne. After a Te Deum had 
been sung, the Emperor embarked and went over a 
certain distance of the new canal, which is called the 
Canal of Alexander I1., whilst the old one still bears 
the title of Canal of Peter the Great. 








Tue First SMoKING-CARRIAGE.—In an article, last week, 
upon smoking-carriages we should have mentioned that the first 
railway carriage expressly built for the accommodation of pas- 
sengers who indulge in the “ weed” was one which was con- 
structed at the Fairfield Works, Bow, in 1847, from the designs 
of Mr. W. Bridges Adams. This carriage was made for the 
Eastern Counties (now the Great Eastern) Railway, on which 
line we believe that it is still in use. It has a saloon compart- 
ment in the centre, with an open compartment or platform at 
each end, access to the saloon being obtained by end doors open- 
ing on to these platforms. The onloen compartment has seats 
down each side, with a table between them, and good ventilation 
is obtained by the windows in the end doors being made to open. 
It is supported upon six wheels, the extreme wheel base being 
20 ft., and the axle-boxes being without hornplates, and being 
fitted with Mr. Adams’s bow-springs, so that the wheels can 
move slightly laterally the carriage can pass easily and steadily 
round curves. 





CHILLED CASTINGS. 


A sTATEMENT has appeared in a contemporary pro- 
fessing to give the mixture of iron employed in casting 
Major Palliser’s chilled shot. No doubt the particular 
mixture therein mentioned has been tried, as have 
scores of others ; but it has been found that almost an 
iron will serve the purpose, and we may state, authori. 
tatively, that no specific brand or mixture is employed 
to the exclusion of others. The softest grey iron, 
although it will not chill when first run in iron moulds, 
will, on being then remelted, chill deeply ; and with the 
harder irons there is no difficulty in chilling the whole 
way through a 9 in. elongated shot, although a depth 
of chill of 2in. is sufficient. It is not the absolute 
strength of the iron, but its hardness or power of re- 
sisting (momentarily) great compression that gives 
the remarkable value to chilled shot. When cast with 
flat fronts, or “ punch-headed,” they break up almost 
into powder when fired against armour. But when 
pointed, the enormous strain upon the point, when it 
strikes, has not time for communication throughout the 
mass of the shot before it is into and then through the 

late, just as a candle may be fired through a deal 
ne | The hardness of chilling surpasses the hardness 
of ordinary steel, a fact sufficiently shown by the extra- 
ordinary wear of chilled railway wheels. What is the 
— action which takes place in the iron in chilling 
as never been explained. Dr. Percy considers that 
the uncombined or graphitic carbon becomes combined 
with the iron ; but even if this be so, it is only a result, 
and not an explanation. Major Palliser, we under- 
stand, finds the specific gravity of shot consider- 
bly increased by chill casting. The weight of a 
round Qin. cast-iron shot is given in the ord- 
nance text-books as 99}1b., but Major Palliser has 
found them to run as low as 96 lb. when not chilled, 
and as high as 105 lh. when chilled. We cannot 
suppose, however, that anything like this difference 
is really due to a difference of actual density, and we 
believe that it is to be explained to a great extent by 
the heating and consequent expansion of the chills. 
The shot are left in the chills for a quarter of an hour, 
and it is found that the second and subsequent chilled 
shot, in a day’s casting in a ~— chill, are larger and 
consequently heavier than the first cast.. It is to this 
fact of the expansion of the chills, more than to that 
of the difference in the rate of contraction of different 
irons in cooling, that the inequality of diameter in 
chilled wheel casting is to be attributed. The American 
wheel founders have to carefully “ mate” their wheels, 
so that those upon each axle shall be of the same 
diameter, and in casting chilled tyres (of which many 
are used) for six or eight coupled engines, as many as 
twenty tyres have been cast to get eight of the same 
size. The later practice is to cast a coil of steam pipe 
within the chill, and although a “hot chill” ma 
appear a contradiction of terms, the heat of the chill, 
up to 200°, or even more, in no way affects its harden- 
ing action. The steam-heated chill has been now used 
for five years in the States, and, besides its maintain- 
ing a nearly uniform diameter, it serves another excel- 
lent purpose in evaporating the moisture which other- 
wise often condenses in little drops upon the chill, 
before the first cast, and which thus causes roughness 
of the chilled surface. We believe that five American 
chilled railway wheels have arrived in London, and that 
they will be broken experimentally, and that further 
wheels of this kind will be sent over for trial under 
English rolling stock. We have samples of the iron 
from which these wheels are cast, and it is of magni- 
ficent quality. The fracture is a rich dark grey, 
medium-grained, and shows great toughness, the par- 
ticles appearing to have been irregularly torn, rather 
than broken short off. The specific gravity ranges 
from 7.25 to 7.3185, and the tensile strength from 
32,000 Ib. to 35,102 Ib., or say 144 to 16 tons per 
square inch. The iron is that known as the Salisbury 
cold-blast charcoal iron, and is worth about 10/. per 
ton in New York. 

WATER-PRESSURE MACHINERY.—Mr. R. H. 'Tweddeli, engi- 
neer, of Sunderland, is arranging to apply water pressure very ex- 
tensively in plate bending, angle iron bending, riveting, shearing, 
&c., in iron ship building. He has patented and made an 
excellent machine for “‘ joggling” angle iron, by which the bend 
is made in a few seconds where a smith would be a quarter of 
an hour or more over the work. This maehine has been pur- 
chased by the large shipbuilders, Messrs. C. Mitchell and Co., of 
Low Walker, on the Tyne. Mr. Tweddell has promised us an 
extended account of the improved system of machinery for the 


jous pur named. 
“Sream 4 Proasme FirE-ENGINE.—Messrs. Shand, Mason, 
and Co., of Blackfriars, are making a large steam floating fire- 
engine for Calcutta. Drawings of this vessel and her machinery, 
as also of one of the large double-cylinder land engines, are 10 
course of preparation for this paper. 
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UNDER CONSIDERATION. 


Ir is not at all improbable that one or two at least 
of our readers may at one time or another have 
interested themselves in the promotion of some com- 
pany, having for its object the construction of a line of 
railway, or an irrigation project, or docks, or other 

roject calculated to promote the welfare of the people 
in one part or other of our Indian empire. If so, they 
have doubtless at some period of their negotiations 
been favoured with a letter from the India Office, 
written somewhat in the following strain: “Sir,—I 
“am directed by the Secretary of State for India in 
«“ Council to acknowledge receipt of your letter of such 
«9 date, and, in reply, to inform you that the proposals 
“ eontained therein will be taken into immediate con- 
« sideration.” After the lapse of a few months, no 
further communication having been received from the 
India Office, a further letter on the subject may pro- 
bably have been addressed to the Secretary of State, 
to which some such reply as the following will have 
been received: “ Sir,—I am directed by the Secretary 
“of State for India in Council to acknowledge the re- 
“ceipt of your letter of such a date, relative to such 
“and such a scheme, and, in reply, to state that your 
“previous letter has been forwarded to the Govern- 
“ ment of India, from whom no reply has as yet been 
“ received.” 

On receipt of a reply from India, it will very likely 
be found that that Government approves of the scheme 
generally, but desires that certain alterations should 
be made in some of its details; then the Secretary of 
State thinks that the Government ought to have a 
share in the profits after the shareholders have received 
a certain percentage on their outlay from the receipts 
of the undertaking. An appeal against the right of 
Government to share in the profits follows, as a matter 
of course, since the promoters are naturally desirous 
to make the best possible bargain for their share- 
holders. This~leads, probably, to an animated ex- 
change of correspondence, the upshot of which will 
most probably be a further reference to the Government 
of India; further suggestions for alterations ; another 
animated correspondence; and then, should the pro- 
moters not be already worn out with hope deferred, 
and their patience utterly exhausted, the submission of 
a draft contract may at last be arrived at, and lucky 
may they consider themselves if a still further reference 
to the Government of India is not thought necessary 
again on this point. 

We are not desirous of being too severe, or of in 
any way departing from the strict letter of the truth 
in this matter, but we must say that the delays which 
too often precede the arrival at any decision on such 
matters as those we are now writing of tend to drive 
away much energy and capital which would otherwise 
be devoted to the development of the natural resources 
of India, one cause of which is the existence of a 
double: government—one in India, the other in Eng- 
land—neither of whom seems willing to take any de- 
cisive step without first consulting the other. This 
may doubtless possess many advantages, but it is also 
attended with numerous drawbacks.. A company 
may be started with a view to undertake certain works 
which have already received the approval of the Go- 
vernment in India; at the time there exists every con- 
venience for raising the required amount of capital. 
Tn consequence of the delays whilst the proposals of 
the company are under the consideration of Govern- 
ment, a change occurs in the money market in Eng- 
land; those who were in a position at the first to 
subscribe towards the capital of the company are now 
no longer able to do so; one by one those who were 
formerly willing and able to back up the enterprise 
fall away, and for some years to come the whole 
scheme remains in abeyance, or it becomes perhaps 
literally crushed out. ‘Ihese are not imaginary cases 
conjured up to serve the purposes of our article. Let 
those who first took part in the introduction of rail- 
ways in India call to mind their experiences on the 
matter. Who is there that does not now bear fresh 
in his memory the struggles for existence that marked 
the early days of the “ Madras Irrigation and Canal 
Soapeny ;” and, at a still more recent date, the linger- 
ing birth of the “ East India Irrigation and Canal 
Company”? How many years of untiring perse- 
verance of one or two Calcutta merchants were spent 
before the “ Port Canning Land Investment Reclama- 
tion and Dock Company” was permitted to see the 
light ? Where are now the “Calcutta Wet Dock and 
Warves Company,” “The Caleutta Victoria Docks 
Company,” “ The Bombay Dock Company,” and others 
of alike character which we might mention, all of 
Which have from time to time been started for the 





necessities, and with what has long been the crying 
want of the mercantile marine in Indian waters? 
They have all gone. The works which would ere this 
have been contributing to the general welfare and 
ower of India have been denied to that —— 
y its own Government ; the embryo companies whic 
would have undertaken their construction have gradu- 
ally dissolved and disappeared whilst “ the subject was 
still under consideration.” 








STEPHENS’S TRAIN SIGNALS. 


Tue foul murder of Mr. Briggs and several cases of 
assault which have subsequently taken place have ren- 
dered some means of communicating with the guard 
necessary to the comfort and safety of those who travel 
by railway. Among many inventions for forming a 
communication between passengers and guard, one has 
been produced by Mr. T. E. Stephens, of Liverpool, 
which has been tried on the Southport line of the 
Lancashire and Yorkshire, and is likely to be adopted 
by the company. There can be no doubt of its effi- 
ciency; but most people will probably consider it 
somewhat complex. The following may be taken as a 
brief description of it: In the centre of the partition 
which divides each carriage into compartments there 
is fitted a movable panel, about 30 in. lane by 20 in. in 
breadth, and, by opening either way, gives ample space 
to admit a person from one compartment into the 
other. Immediately over this panel there is placed 
conspicuously a small brass ornamental handle or lever 
enclosed in a transparent cover of tale, and which re- 
quires to be broken or torn away before the handle can 
be moved. A small metallic box, about the size of the 
lamp protectors, is fitted on the top of each carriage, 
containing two small rockets, in separate metallic tubes, 
which give off two reports on explosion loud enough to 
be heard by guard, engine-driver, and passengers, on a 
train going at the rate of 30 or 40 miles an hour. The 
shells or rockets contain coloured fire, and are shot up 
into the air to the distance of 80 ft. or 100 ft. before 
exploding, so that at night the alarm would be even 
more striking than during the day. Two small wire 
cords or chains act as motion conductors, and are led 
through small tubes within the partition containing the 
movable panel, and form a permanent connexion be- 
tween the panel and the rocket-box. In moving the 
panel, the motion is instantaneously conveyed into the 
rocket-box, and produces the visual and sound signals 
to which we have referred, by giving fire to the rockets 
by percussion caps, as hereafter described. The lid of 
the rocket-box is about 15 in. long by 9 in. broad, and 
is raised simultaneously with the pulling out of the 
handle in the movable panel, and, being painted or 
enamelled a bright red or other striking colour, at once 
indicates to both guard and driver the particular 
carriage from which the alarm proceeds. The follow- 
ing particulars will render this more intelligible to the 
reader. The wire cords or chains which convey the 
motion from the bolts which secure the panels are 
passed up through the roof of each carriage into the 
tocket-box, thence over a small brass leading wheel, 
the end being attached to one arm of a small crank. 
Attached to the other arm of this crank is a stout iron 
pin, upon which is suspended two iron _roeket-con- 
tainers, on the bottom of which nipples and percussion 
caps are fitted. When the iron pin is withdrawn by 
the motion of the panel, the containers fall a distance 
of 6 in. on to a steel plate at the bottom of the box, the 
blow causing the caps to explode and the rockets to go 
off. The rockets cannot by any possibility be made to 
explode except by the release of the panel caused by 
the pulling out of the handle or lever ; and as the com: 
pany adopting the invention would impose a penalty 
upon any one causing an alarm, unless: under the cir- 
cumstance of fire, violence, &c., the instrument would 
be left untouched even by the most mischievous. We 
think Mr. Stephens has hardly made it clear that his 
invention would suit first-class carriages, as at present 
fitted, and the public, we fear, are not prepared to 
sacrifice their comfortably cushioned carriages even for 
the protection offered by his patent communicator. 
We may add, however, that it has so far met with the 
approval of some of the principal officers of the Lanca- 
oe and Yorkshire Railway Company: the directors 
have not yet had an opportunity of expressing their 
opinion in regard to it. 


Tue Liwrrep Marn.—On Monday week the “limited night 
mail” from the north met with a remarkable accident on the 
Lancaster and Carlisle Railway. Two cart horses having 
strayed upon the line, the train ran literally into them. One of 
them was cut to pieces, and the other had its legs cut off by 
the train, which dashed along, without the driver or passengers 
being aware that any danger had been encountered, or any risk 


purpose of supplying Indian ports with their chief] run. 





Raitways In AustRALiA.—The Queensland Government, 
acting on the advice of Sir Charles Fox and’Sons, and availing 
itself of the services of Mr. A. Fitzgibbon, C.E., now chief 
engineer, determined only two years ago on constructing a 3 ft. 
6 in. gauge single line of railway, and already a line has been 
opened from Ipswich to Helidon, a distance of 50 miles, while 
another extension of 130 miles in a western direction towards 
Toorroomba is now under construction. From this the line 
runs off to Dably in one direction and to Warwick in the other, 
and the greater portion of these several lines will be opened 
about the autumn of next year. While this has been going on 
in the south, the northern district has also been moving in the 
same direction, Mr. Plews, resident engineer, having under con- 
struction a line having its terminus at Rockhampton, running 
also towards the west as far as Westwood. It is anticipated 
that this will be open in May next. Mr. Plews has completed 
the survey for a furtherextension of some 200 miles. As the gauge 
of the railway at first glance appears so disproportionately 
narrow to those who travel on their own lines, a few remarks 
as to the general character of the rolling stock will not be out 
of place. The carriages, which are of the very best descrip- 
tion, the framework being of iron and the bodies of wood, 
were built in this country, and are of the ordinary design 
They are 30 ft. long and 6 ft. 3 in. wide inside to enable them 
to pass round curves, of which there are many of small 
radii. They are fitted with Adam’s radial axle boxes, 
which permit of their passage round these curves with perfect 
ease and safety. ‘The engines are also built by the best English 
firms, and weigh only 15 tons each; but, notwithstanding their 
lightness, they are fully equal to the work required, taking, as 
they do, a load of 60 tons up gradients of 1 in 40 at the rate 
of 15 miles an hour, andon a levelat double that speed. ‘The 
stock being light admits of the permanent way being propor- 
tionately so, the rails used weighing but 40 lb. to the lineal yard. 
The way consists of a flat-bottomed rail laid on transverse 
sleepers secured by dog spikes, and at the joints by fish and fang 
bolts.. The country traversed by the railway from Ipswich to 
Toorroomba presents many obstacles to cheap railway construc- 
tion, as there are two ranges of hills to be surmounted of 
700 ft, and 1400 ft. respectively above the level of the country 
at their bases. Their sides are cut up by deep ravines, and their 
slopes are very steep. This. has rendered requisite many via- 
ducts, bridges, and culverts.. There are 11 tunnels, one of 
which is over three quarters of a mile in length. Nor was this 
the end of the difficulties, as the low lying country at the bases 
of these two mountain ranges is intersected by innumerable 
streams and watercourses, which in the wet seasons become 
heavy torrents, overflowing their banks, and thus necessitating 
an amount of bridging and waterways greater, perhaps, than 
what appears on any 78 miles of railway yet made in any 
country. With heavy and costly works, this part of the line 
has cost about 15,0007. per mile, while that section of the line, 
presenting but ordinary difficulties, is being made at a cost of 
about 6000/. per mile. The bridges, and also the stations and 
workshops, are chiefly of iron, and have been constructed under 
the superintendence of Sir Charles Fox and Son, the agents of 
the Government. The part of the line now opened is paying, 
above working expenses, at the rate of 8 per cent. per annum. 

Frencu Mecuanicau Inpustry.—A Paris house has re- 
ceived an order for twenty-four locomotives, with four cylinders 
for the Northern of France Railway. The foundries of Marguise 
and Maubeuge are now completing an important order for turn- 
tables for the same system ; the tables weigh 7} to 9} tons each, 
and their cost is 10/. per ton. The Creusot works have secured 
a contract for an iron bridge 300 ft. in length, and ten others ot 
less dimensions, for railways in the French possessions in 
Cochin China, 

Locomotive Cranxks.—In our notices of recent patents, we 
some time since refered to that of Mr. Dyer Williams, locomotive 
superintendent of the New York Central Railway, United States. 
He makes his cranks in nine separate pieces keyed together, like 
the paddle-shaft of a steamship. He writes us that 250 locomotive 
cranks of his make are now in use, and that one which has run 
100,000 miles, as well us a new one, will be exhibited at the 
Paris Exhibition. It appears that on the New York Central 
— the ordinary make of cranks break after 30,000 miles 
work, 

CuarcoaL FitrerwNG.—The East London water supplied 
to Miss Burdett Coutts’s model lodging houses in Columbia- 
square, Shoreditch, is filtered through animal charcoal. Pro- 
fessor Frankland _— that while its original solid matter is 
30.2 grains per gallon, its organic matter 1.25 grains, and its 
hardness 20.2, these are diminished to 21.76, 0.28, and 7.1 re 
spectively by filtration. 

A VETERAN CrANK.—A cast-iron three-throw crank had, 
until last week, worked in Messrs. Combe, Delafield and Co.’s 
brewery for nearly one hundred years, the father of the present 
manager having known it as “the old crank” early in the pre- 
sent century. It was 3in. in diameter in the necks, and 
worked three single-acting pumps of about 6 in. barrel and 2 ft. 
stroke. When the sluices have been accidentally closed, tle 
pumps have brought up the 35-horse engine on more than onc 
occasion. Last week, however, the old crank suddenly gave 
way in its ordinary work. The fractured parts are now at 
Messrs. Morland’s factory, St. Luke’s. Such cast iron is not 
often to be had now-a-days. 

Locomotive Work ror Russta.—Messrs. Maudslay, Sons 
and. Field are making thirty-eight sets of steel connecting-rods 
for locomotives to be built near St. Petersburg. 

A New Instrrution.—The “Institution of Hydronomical 
and Nautical Engineers” is, we think, anew body. It was lately 
announced that a “court of registered fellows” would “be 
holden” at 8, Bury-court, St. Mary-axe. The announcement 
was made by Mr. Alfred W. Adams, hon. mem, and deputy- 
registrar, 

Brer.—At Messrs. Combe, Delafield and Co.’s brewery. Long 
Acre, is a vast settling tank or “ back,” wherein two thousand 
barrels of beer may be temporarily stored under ground before 
being casked. ‘This back forms an apartment nearly 40 ft. 
square and 10 ft. high. Its floor and walls have been formed 
of white Dutch tiles, set in Roman cement. These are readily 
cleaned, and the beer cannot get behind them, every tile, after 
many months’ use of the back, remaining as tightly fixed in its 





place as when first laid. 
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COMMUNICATIONS IN INDIA. 
I. Roaps. 

Ir was not until the British power had become 
firmly established in the East that attention could be 
given to the promotion of measures calculated to aid 
in the development of the resources of the eountry. 
The continuous wars which preceded the supremacy of 
England in the East Indies permitted neither time, 
means, nor opportunity to the conquerors or con- 
quered for the prosecution of works of improvement in 
any parts of that country, so that whatever may have 
been the state of her communications during the time 
when India is supposed to have been the centre of 
civilisation, it cannot be said to have poss ssed one 
complete road of any length on which it would have 
answered to employ wheeled carriages. ‘Lhe only 
made roads—if they deserved the name—were the 
mountain passes, whicli, in the later wars, were op¢ ned 
for the passage of artillery; but they had generally 
been destroyed by the monsoon the 
country came into the possession of the East India 
Company. The only proof of ther 
great roads in the country consisted in the fine avenues 
of trees, which in some districts extended over several 
hundred miles in length; but the roadways, in most 
cases owing to imperfect construction in the first in- 
stance, and from re worn down by former traffic, 
and washed by the rains of the monsoon, had become 
the drain of all the country through which they passed ; 
consequently, not only were the lines rendered abso- 
lutely impracticable for traffic—at least during the 
monsoon months of the year—but they would have 
cost more to repair and reopen than the construction, 
ab initio, of entirely new and better aligned lines of 
road. 

With few exceptions, little use was ever made of the 
rivers, in former times, as means of communication, 
and nothing seems ever to have been done to improve 
their navigation. During the heavy freshes, ralts of 
timber and boats of wicker-work covered with leather 
were floated down some of the larger streams; but on 
very few of the rivers was any attempt ever made to 
take laden vessels up against the stream. Still less use 
was in this way ever made of the canals of irrigation, 
though many of them were well adapted for water 
earriage during six or eight months of the year. 


rains be fore 


e having once been 


We have said that some few mountain passes were 
opened in the later times of the native Governments 
for the passage of artillery and troops; but when mili- 
tary movements ended, and there was not consequently 
any further necessity for their use, these passes were 
no longer kept in order, and, falling into decay, they 
soon became so rugged that even cattle could hardly 
climb them. Nor does it appear that the Government 
of the East India Company in those times showed 
much more wisdom than the native Governments 
whom they succeeded, as to the treatment of the roads 
and passes of the country. Those which had been 
opened by our armies were neglected from the day that 
they were made, and the lines which were esseuttial to 
the security of conquered territories were only kept 
open by constant reconstruction. No effort seems to 
have been made to prevent their ruin, or by timely 
repair to lessen the cost of keeping them fit for use. 
The traffic of the country doubtless profited in some 
degree by these military lines, and there can even now 
be traced in the great trunk roads, as they are called, 
the lines formerly used for connecting the military 
arsenals and cantonments. New roads for similar pur- 
poses were opened in times of peace, and on some of 
the mountain passes a great amount of labour was ex- 
pended. Stil] nothing seems ever to have been done 
to keep up these roads when opened, and little inquiry 
was previously made as to how far the lines selected 
for improvement would beneficially affect the traffic of 


the country. The necessity for commercial roads, 


however, was evidently not altogether overlooked ; for, | 


as far back as the year 18)3, the Board of Revenue, in 
a letter addressed to the Government, thus referred to 
that subject: “The importance of an easy and secure 
“ communication by land, in a political point of view, 
“as well as to the commerce, the revenue, and the 
* general prosperity of the country, is suflicic utly obvi- 
‘ous; but to create and maintain good roads through- 
* out these territories would involve the disbursement 
* of a large portion of the revenue of Government, 
* and, considering the existing state of inland com- 
* merce, would perhaps be as unnecessary as it would 
“ prove expensive.” In these words may be traced a 
line of policy very similar to what is evidently acceptec 
and acted upon by the Indian Governments of the 
sag day ; for, unlike the Americans, whose principle 


vas evidently hitherto been to construct lines of com- | 
‘ 


munication im anticipation of a trallic, they have in- 


variably waited until the traffic had already been formed, 
and the ery for improved roads became too loud and 
too urgent to neglect. 

For a long time after the above remark on the 
—— of communications by the Board of Revenue, 
nothing effectual was done hy Government for the 
roads of the country; but a vast loss of labour and a 
continual waste of money was incurred, by the em- 
ployment of a corps of pioneers, without the aid of any 
engineering skill, to make the great military lines 
passable for traffic. Owing to the difficulties ex- 
perienced in the maintenanee of good roads in other 
places than in, the immediate vicinity of large towns, 
Government resolved, in 183], that no further attempt 
should be made to keep up the great lines throughout the 
country, but that the collectors should do what they 
could, each in his own district ; and under this system 
some additions were annually made to the extent of 
communications in India. In the year 1845 an 
additional stimulus was given to the construction of 
roads by the formation of a separate department for 
that purpose ; but it was not until the organization ofa 
Public Works Department, in the year 1854, that the 
country can be said to have had proper attention paid 
to its wants in this respect, and its communications to 
have been improved to an extent at all in keeping 
with its increasing requirements. 

Prior to the adoption of any measures for the forma- 
tion of a Public Works Department in India, commis- 
sions were appointed at each of the three presidencies, 
and their several reports have formed the subjects far 
three Parliamentary blue books. The report of the 
Madras commissioners is by far the most voluminous 
document, and it contains an amount of information at 
once instructive and interesting, 

From these reports we gather that, prior to the ap- 
ointment of the commissions, the roads throughout 
nda were under the control of different authori- 
ties in the several presidencies : thus, in Bengal they 
were a exclusively under the care of the Military 
Board ; in Bombay the main lines were under the Mili- 
tary Board of that presidency, whilst the minor roads 
were constructed and maintained by the Road and 
Tank Department, which also undertook the execution 
of all pebite works of a purely civil—that is, not mili- 
tary—character; and in Madras the communications 
were placed under the Military Board or the Board of 
Revenue, according as they were considered to be re- 
quired for military or civil purposes. Under such a 
mixed supervision it was found that several causes 
tended to prevent any useful extension of facilities for 
communication : firstly, owing to the total inadequacy 
of the executive staff, of which many members con- 
fessedly had but a very slight knowledge of engineer- 
ing science, and to such an extent was this deficiency 
felt, that in many instances grants of money made for 
the improvement of lines of road were actually in- 
operative from the want of officers to superintend their 
expenditure ; secondly, owing to the defective quali- 
figations of the subordinate agency, through whose in- 
strumentality the executive engineers were expected 
to construct the public works of the country; and 
thirdly, from the total absence of system in the allot- 
ment of funds for each year’s expenditure. 

Under these circumstances it is not surprising to 
learn that, where roads were intercepted by rivers, 
bridges were not often to be found, ferries being esta- 
blished to assist in the passage at such times when the 
rivers were in flood; and, for the purposes of traffic 
during the dry season, the embankments of rivers on 
either side were sloped off, so that carts might pass 
over the dry bed of the stream to the level of the road 
again on the opposite side of the channel. So general 
was the system of ferries, that the tolls charged for 
their use were formed into a “ferry fund,” the sur- 
lus proceeds from which were at one time ordered to 
ve devoted to expenditure on bridges, roads, and 
causeways; but, notwithstanding the isolated efforts 


even the surplus ferry funds were not applied to the 





purposes for which they had been granted. 

Next after the importance of main lines of com- 
| munication as military roads, was, perhaps, considered 
| the necessity of maintaining them for the postal ser- 
| vices; and for this reason, on many lines where the 


| road was intercepted by a river or stream, special pro- | 


} vision was made for crossing the mails over it, by 
means of a kind of flying bridge, of simple construe- 


| give an account. 


of the country, though hitherto apparently ignored by 
the ruling authorities, was not overlooked by the 
Public Works Commissioners, who very justly regarded 


of a few individual collectors, so completely did the | 
local Governments neglect this important subject, that | 





The value and importance of roads to the well-being | 


the formation of good roads as not less important, or 
less essential to the prosperity and advancement of the 
country, than the extension of irrigation. The two 
species of improvement they asserted to be inti. 
mately connected, and which should go hand in 
hand; for without the means of transport and of 
interchange the most valuable products become a 
drug, and production is ae ; thus roads give 
value to produce, and large production gives a use 
and a consequent value to roads. But, notwithstand- 
ing the undoubted correctness of such remarks, the 
Madras commissioners recorded in their report that, 
“as to the existing communications of the country, 
“they are ina condition worse than those of England 
“in the time of Charles the Second. If any one will 
“ attempt to imagine to himself what the social state 
of England would be if her magnificent railways, 
-anals, bridges, and roads were annihilated, and her 
communieations brought back to their condition two 
centuries ago, he will obtain some idea of the impedi- 
* ments now opposed to the prosperity and advance. 
“ ment of this country.” This observation, it must be 
remembered, was made only fifteen years ago; but 
although great is the change that has been made in 
this respect throughout India since the above words 
were written, the extension of communications has by 
no means kept pace with the progress and require- 
ments of the country. Such sums of money as were, 
from time to time, allotted for the construction of new 
and the maintenance of existing lines were, owing to 
the lamentable want of engineering skill at the service 
of Government, too often expended in a most unpro- 
ductive manner; thus, the roads, in some instances, 
from the absence of any previous survey, and @ther 
causes, were not well planned with respect to the line, 
so that a road on a new line became desirable, and even 
necessary for permanent traffic; they were also often 
constructed without due provision for their permanent 
maintenance, and the entire road soon went to decay, 
or one portion of it became unserviceable while an- 
other {portion was in progress of construction. The 
carts, also, generally in use by the natives of the 
country, being constructed on a principle calculated to 
destroy the roads, rendered large amounts necessary 
for their constant maintenance in a state of repair, and 
so but little out of the grants for expenditure on the 
communications of the country remained available for 
the construction of new lines of roads. 








From THe Far West.—An American paper states that the 
proposition made to send from California a section of the 
“Original Big Tree” to the World’s Fair at Paris is impracti- 


cable, for want of a saw long enough to cut it. The cutting 
would require a saw 40ft. long. A section of coal from the 
33 ft. vein of the Pictou mines of Nova Scotia is coming. 

Scnav’s Insectors.—Messrs. Scheffer and Budenberg, of 
Manchester, are making the simple form of Injector, illustrated 
and described in our last number. 

Borer ExpLosions.—The progressive list of boiler explo- 
sions in the United Kingdom, as kept by Mr. Fletcher, of the 
Manchester Boiler-Association, already numbers forty-five for 
the first eight months of the present year, or rather down to 
September 7. The Chatham explosion, upon which he has re- 
ported very fully, was, he says, caused by external corrosion, 
which might have been detected in time by competent im- 
spection 

Tramways IN Duptin.—It has been lately proposed by 
the Metropolitan Tramway Company, to construct two tram- 
we through Dublin, the one to extend from near the Southern 
and Western Railway terminus to Stephen’s Green, and the 
other from Ely-place to the Exhibition; and the advantages 
of the undertaking were investigated a few days ago 4 Mr. W. 
Forsyth, C.E. It is proposed that the gauge of rails should 
be 5ft. 3in., or similar to that upon the Irish railways, and 
that the omnibuses to be used upon the tramway should carry 
fifty-four passengers, and be drawn by two horses at the rate of 
six miles per hour, whilst they are also to be provided with 
powerful brakes. 

Tue Tyxz.—Up to the 1st of January last, 381,8704 had 
been expended upon the i works on the Tyne, and a further 
estimated sum of 350,000/. was required to complete them. The 
works are of the most important character, and the dredging 
operations connected with them are probably the most extensive 
that have ever been carried out. According to the report of 
Mr. Ure, the engineer to the works, 14,000,000 tons have alread 
been dredged, and the average cost of dredging below Newcastle 
has been, for labour and material (inclusive of repairs, but ex- 
clusive of depreciation), from 33d. to 4d. per ton. We hope 
shortly to give an account of the Tyne works. f . 

Tuk Mersey Docxs.—A further expenditure of considerably 
more than one million sterling is to be made in extending these 
vast works, . 

From THE ATLANTIC TO THE PactFic VIA NICARAGUA. 
—An influential meeting was held at the London Tavern, on 
Wednesday, to hear from Captain Bedford Pim an account of 
his proposed transit route from the Atlantic to the Pacifie wd 
Nicaragua, The Nicaragua route, which will save 700 miles of 


: - - : | distance to California vig Central America, was ouce held in 
| tion, and of which we may, on some future occasion, | 
| tions in favour of the proposed scheme of opening up t 


At the meeting, resolu- 
his route 
Thomas 


considerable favour by the Americans. 


for traffic were carried. Captain Maury and Mr. 
Hawksley, C.E., are warm supporters of this route. 

SEWAGE.—The sewage pumped at Crossness avera, 
one-half more in quantity than the water supply of the 
tricts from which it is collected. 
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THE METROPOLITAN DISTRICT 
RAILWAY. 


Tue present Metropolitan Railway, extending from 
Bishop’s-road to Moorgate-street, forms, as is very 
generally known, but the northern side of an irregular 
“circle” of underground railways which will surround 
that part of the metropolis lying between the existing line 
and the Thames. Of this “ inner circle,” as it is called, 
the Metropolitan District Railway will form the southern 
side, whilst the eastern and western portions will be 
formed by extensions of the Metropolitan Railway, 
Acts for the construction of these additional lines, of 
which Mr. John Fowler and Mr. T. Marr Johnson are 
the joint engineers, having been obtained in 1864. 

From the map given on page 327, in which the 

Metropolitan District and the Metropolitan Extension 
Railways are shown in dotted lines, it will be seen that, 
at the eastern end, the extension of the Metropolitan 
Railway is to be carried under Bishopsgate-street, near 
Houndsditch, and that it will then curve to the 
south, extending, under Aldgate High-street and the 
Minories, to Trinity-square. At Trinity-square the 
Metropolitan District Railway will commence, and 
from this point it will proceed nearly parallel 
to the river until it cuts the line of the new street 
which is to be constructed from Blackfriars-bridge to 
the Mansion House. Following the line of this street, 
the railway will reach the river at Blackfriars, and will 
then be carried along the embankment to within a 
short distance of Westminster-bridge. At this point 
the line will leave the river side, and, curving to the 
west, will proceed past Westminster Abbey, under 
Tothill-street and along the northern side of Victoria- 
street, to the Victoria Station. Beyond this station 
the railway will bend round to the south, and, after 
massing for a short distance between Ebury-street and 
Jelgrave-place, it will again turn to the west to Sloane- 
square. From Sloane-square the line will follow an 
almost straight course to Cromwell-road, where it will 
join the western extension of the Metropolitan Rail- 
way. From Cromwell-road the western extension of 
the Metropolitan line will curve to the north, and 
will proceed in a north-westerly direction to Ken- 
sington-terrace, Notting-hill, when it will curve to 
the east, and eventually join the existing line at Edge- 
ware-road, 

The Metropolitan District Railway includes, beside 
the line of which we have described the course, two 
branch lines connecting the “ inner circle” with the 
West London Railway. One of these branches will 
commence at Cromwell-road station, and, after proceed- 
ing side by side with the “ inner circle” line toa short 
distance beyond the Gloucester-road, will turn to the 
south-west through Earl’s-court to a junction with the 
West London line near Richmond-road. The other 
branch will leave the western side of the West Lon- 
don Railway, further north, and will then curve to 
the east, pass under the West London line, and run 
through Earl’s-court by the side of the branch first 
mentioned to a short distance past Redfield-lane, where 
it will bend to the north, and will be carried side by 
side with the inner circle line to Kensington station. 

The station accommodation which will be provided 
on the new lines will be as follows : On the eastern ex- 
tension of the Metropolitan line there will be a station 
at Bishopsgate-street, and another near Aldgate, whilst 
at Trinity-square there will be a joint station for the 
extension and the District railways, this station form- 
ing an exchange statiow with the London and Black- 
wall Railway. On the Metropolitan District Rail- 
way proper there will be stations at Mark-lane, King 
William-street, and at Queen-street (Cannon-street) ; 
and at Blackfriars there will be an exchange station 
with the London, Chatham, and Dover Railway. 
There will also be a station at Norfolk-street ; and at 
Charing-cross there will be an exchange station with 
the South-Eastern line. The next station will be 
at Westminster-bridge, and- then will come the St. 
James’s-park and Victoria stations, the former of 
which will be situated close to Queen’s-square-place, 
and the latter adjoining the present station of the 

same name, so that it will form an exchange sta- 
tion with the London, Chatham, and Dover, and 
London, Brighton, and South Coast Railways. The 
next stations in order will be those at Sloane- 
square and Cromwell-road, whilst there will also be 
stations, used jointly by the Metropolitan District and 
Metropolitan Railway proper, at Gloucester-road and 
Kensington; and another at Richmond-road, for the 
joinf use of the Metropolitan District and West Lon- 
don Railways. The Cromwell-road and Kensington 
stations will be exchange stations for the traffic to the 


western extension of the Metropolitan lind there will 
be, in addition to the two joint stations already men- 
tioned, other stations at Notting-hill, Bayswater, and 
Paddington. This last station will be situated oppo- 
site the Paddington Hotel, and will be connected with 
the Great Western station by underground passages ; it 
will be quite distinct from the existing Bishop’s-road 
station. 

The total length of the Metropolitan District Rail- 
way from Tower-hill to the Richmond-road is about 
six miles, and of this length one-half will be level. Of 
the remaining portion, about a quarter of a mile will be 
on a gradient of 1 in 300, more than half a mile will 
be 1 in 250, three-quarters of a mile 1 in 200, and 
about half a mile 1 in 100, whilst the rest will be made 
up of gradients rather less steep than 1 in 100. The 
greatest difference between the levels of the rails at 
any two points is 373 ft., and the three lowest points are 
under the Ranelagh, Fulham-road, and King’s Scholars 
Pond sewers respectively, the rail level at the latter 
point, which is the lowest of all, being 9 ft. 3 in. below 
Ordnance datum, or 21 ft. 9in. below Trinity high 
water. The sharpest curve is one of 10 chains radius 
near the Victoria Station; the remaining curves have 
radii of 15, 20, and 30 chains and upwards. 

Having given a general account of the course and 
extent of the Metropolitan District Railway, we shall 
now proceed to describe more in detail the principal 
works connected with it, so far as they are at present 
executed or in progress. Between Trinity-square and 
Westminster-bridge, the only portions which have been 
executed are two short lengths, one in front of the 
Cannon-street station of the South-Eastern Railway 
and the other under the London, Chatham and Dover 
Railway at Blackfriars. The piece at Cannon-street is 
225 ft. in length, and is covered by wrought-iron 
girders bent downwards at the ends, so that they have 
a shape resembling the outline of a Mansard roof. On 
these girders are erected brick walls, and between 
these are turned arches, upon which the superincum- 
bent earth and road-metalling is carried. The object 
of this mode of construction was to lessen the thickness 
of earth, &c., above the girders, and thus reduce, as 
far as possible, the load upon them. 

At Westminster, the first length of the works in 
hand commences close to New Palace-yard, and extends 
to the eastern end of Victoria-street. For this length, 
the line will be carried in girder-covered way, the roof- 
ing being formed of cast-iron girders with intermediate 
brick arches, as shown in Figs. 2, 3, and 4, page 330. 
Under Parliament-square gardens, the side walls are 
being constructed with 6 ft. bays, measured from centre 
to centre of the counterforts; and the girders are 6 ft. 
apart and 1 ft. 6 in. deep in the centre. Nearer Bridge- 
street, however, the walls are being made with 8 ft. 
bays, as shown in our illustration, the girders being 
2 ft. Gin. deep in the centre, and this is the ordinary 
construction of girder-covered way along the line. 
The girders have top flanges 7 in. x 1? in. and bottom 
flanges 20 in. by 24in., and the web is 1} in. thick at 
the top and 2in. at the bottom, whilst the distance 
between the walls or span of the girders is 25 ft. 
The curved form of the top of the girders is shown 
in Fig. 2, from which it will also be seen that the 
girders are furnished with cross flanges, projecting 
downwards 6in. from the underside, which bear 
against the inner sides of the side walls and thus 
strut them apart. The brick arches between the 
girders are three rings thick, and the spandrils 
are filled in with concrete, over which is a iow of 
asphalte, } in. thick, this being put on in two coats of 
# im. each. Upon the asphalte there is laid under the 
streets 1 ft. of road metalling. The clear height of the 
undersides of the girders above rail level is 13 ft. 6 in. 

The counterforts of the side walls are 5 ft. 6 in. deep 

horizontally for their whole height, being built with- 
out batter; whilst their thickness is three bricks in 
front of, and two bricks behind, the arched panels, as 
shown in the sectional plan, Fig. 4. The panels are 
formed of three rings of brickwork, and are built with 
a batter, as shown in Fig. 2. The walls are founded 
on concrete carried 5 ft. below rail level, and the 
yanels are also backed with concrete to the level of the 
vacks of the counterforts, each bay being provided 
with a4in. pipe packed around with gravel for the pur- 
poses of drainage. An 18in. barrel drain is also 
carried down the centre of the line at a variable dis- 
tance below the rail level, and from Blackfriars-bridge 
to Gloucester-road the excavation will be provided 
with a concrete invert 2 ft. 6 in. thick. 

The manner in which the construction of the covered 
way is carried out is as follows : Two trenches are ex- 
cavated at the proper distance apart to receive the side 


lowered to make room for the girder covering. The 
sides of the trenches are, of course, supported by the 
usual struts and poling boards, and, as the construc- 
tion of the side walls proceeds, these are removed and 
replaced by the concrete backing at the back of the 
walls and struts extending from the inner sides of 
the walls to the central “core” between the two 
trenches. These last mentioned struts are allowed to 
remain until the brickwork has thoroughly set; and 
when the covered way is completed, the central core 
is removed by excavation from the ends. By proceed- 
ing in this manner the only earth, &c., which has to 
be lifted is that which is taken out of the trenches for 
the side walls, and this is raised by the aid of steam 
cranes traversing on temporary rails laid by the side 
of the excavations. At.the portion of the line which 
we are now describing, the excavations are made almost 
entirely through sand and gravel (the clay being, how- 
ever, reached near the foundation level), and by carry- 
ing out the system of end excavation of the central core, 
the material can be readily conveyed by trollies, run- 
ning on temporary rails, to points on the line, where it 
can be screened, and that portion not required for 
making mortar or concrete sold at a remunerative 
price. If, on the other hand, the excavation was com- 
yleted at once, and the part forming the core raised 
before the covered way was finished, great expense 
would be incurred on account of there being but in few 
cases available storage room for the excavated materia!, 
and all that portion which could not be immediat 
disposed of would have to be carted away. 

Where the excavation has to be carried under tly 
line of a street, a very simple way of constructin: 
a temporary bridge is in most cases adopted, the 
bridge being formed for half the width of the road 
at one time, so as to interrupt the traffic as littk 
as possible. Longitudinal trenches, about 2 ft. 6 in. 
deep, are first cut in the roadway, 4 ft. apart, 
these trenches being sufficiently long to receive 
timber balks which will span the intended ex- 
cavation. The surface of the ground between the 
trenches is then lowered, and cross planking placed 
upon the balks, and upon this planking is laid about 
1 ft. of road metalling. After the whole of the tem- 
porary bridge has been constructed in this manner, the 
ground is excavated beneath, and the construction of 
the works proceeded with as at other parts of the line. 
When gas or water pi yes are met with, which will even- 
tually be supported by the roof of the covered way, 
they are sustained by slinging them from balks over- 
head, and also by struts extending to the ground below, 
these struts being replaced by longer.ones as the ex- 
cavation goes on. Brick sewers which cross the line 
of the railway are also supported in a similar manner 
until removed and replaced by iron structures. Near 
Parliament-square-gardens, the present Victoria-street 
sewer thus crosses the line of the works. In this case 
the sewer is to be diverted, and a length of the present 
brick sewer replaced by a new sewer carried along 
the southern side of the railway, at the back of the side 
wall, to the Low-level sewer at the Thames Embank- 
ment. Another similer sewer will also be formed along 
the northern side of the line for some distance, so as to 
intercept the sewers which now extend from that side 
to the Victoria-street sewer, this new sewer eventually 
joining the existing Victoria-street sewer at the point 
where it leaves the northern side of the railway. 

Near the end of Victoria-street, the centre line of the 
railway passes about 95 ft. from one of the corners of 
Westminster Abbey, and, for a length of 300 ft. near 
this point, a retaining wall of extra strength is being 
built along the southern side of the line, which here 
runs nearly east and west. This wall, instead of being 
built in bays, is 5 ft. 6in. thick throughout, and is 
backed with peat for a thickness of 7 ft., this thicknes: 
of peat being, however, reduced at the bottom, where 
the sewer already mentioned is situated, the sewer being 
formed for this length of 300 ft. of an iron pipe 4 ft. 6 in. 
in diameter. This system of peat backing has been 
adopted at the recommendation of Mr. G. P. Bidder, 
acting as engineer to the Dean and Chapter of West 
minster, in order to prevent any vibration being trans- 
mitted from the railway to the Abbey. We may mention 
here that it has been sometimes stated that the Abbe) 
was founded on a running sand, but in the excavation 
which have been made for the Metropolitan Distri 
Railway only good sound gravel has been met with. 

Owing to possession not yet having been obtaint 
of the intervening property, nothing has yet been don 
towards the construction of the line between Parlia- 
ment-square-gardens aud Buckingham-row, with the 
exception ot some slight excavations in the neighbour- 
hood of the St. James’s-park station, This station 
will, as we have already stated, be situated close to 








West London Raihway and its connexions. On the 


walls, aud the space between them is, where necessary, 
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Queen’s-square-place, and it will be provided with 
siding accommodation. Between the St. James’s-park 
station and Buckingham-row the line will be carried 
partly through girder-covered way and partly through 
covered way roofed with brick arches. At Bucking- 
ham-row another long length of the works in progress 
commences, there beg first a short length of brick- 
work-covered way, and then about 160 yards of open 
cutting succeeded by works which we shall describe 
presently. . 

The construction of the brickwork covered way is 
shown by the section, Fig. 1, and we may remark 
here that the difference between it and a tunnel is 
chiefly that, in making the latter, the excavation is 
driven from the ends, whereas in constructing the 
brickwork-covered way the ground is opened up to 
the surface and then filled in again upon the top of the 
arches. In the case of the Metropolitan District Railway 
there is no tunnel properly so called at any part. In 
the ordinary brickwork-covered way the arches are com- 
posed of five rings of brickwork, and have a span of 25ft., 
the clear height under the crown of the arch being 15 ft. 
Yin. above rail level. The curve of the crown of the arch 
is struck with a radius of 15 ft. 9 in., and the haunches 
with radii of 9 ft. 6in., as shown in Fig. 1, whilst the 
side walls have a curved batter on the face, struck 
with a radius of 25 ft. from a centre situated 5 ft. 6 in. 
above rail level. The side walls are three bricks thick 
at the springing of the arch, and the back is carried 
down perpendicularly to the foundations. At intervals 
of 50 ft. there are formed in the side walls arched re- 
cesses or manholes, 4ft. wide, 1 ft. 6in. deep in the 
centre, and 7 ft. high, the back of each recess being 
formed of a horizontal arch composed of three rings of 
brickwork, and having a versed sine of 9in. The 
haunches of the arched covering are filled in with con- 
erete, as shown in Fig. 1, the upper surface being 
sloped off towards each side, as shown, and coated 
with asphalte ? in. thick laid on in two layers. At the 
back of the side walls drain-pipes are led down to near 
the footings, and are then carried through the walls, as 
shown in the figure ; and, in fact, their arrangement, as 
well as that of the central 18 in. barrel drain is the 
same as in the case of the girder-covered way. 

The side walls of the brickwork-covered way are put 
in in the same manner as those for the girder-covered 
way already described, their curved inner faces being 
built to properly supported wooden templates, having 
each course marked on them, and each furnished with 
a plumb-line for setting it upright. These templates ex- 
tend higher than the side wall proper, and the upper part 
of each of them is recessed to receive lagging-boards, 
upon which that part of the arched covering near the 
springing can be built. To allow of the remainder of the 
arch being built, the core left. between the side walls is 
rounded off at the top, and is spanned by centreing 
formed of light plate-iron ribs carrying the usual lag- 
ging-boards. The ends of the ribs are supported by 
timbers extending from the footings of the side walls 
and furnished with the usual striking wedges ; and each 
rib is jointed at the centre, and is supported at that 
point by means of foot-boards and wedges resting upon 
the top of the central core. This plan enables the 
greater part of the core to be left in its place until the 
completion of the covering as in the case of the 
girder-covered way, so that it can be removed after- 
wards by end excavation. 

We have said that the short length of brickwork- 
covered way near Buckingham-row is succeeded by 
about 160 yards of open cutting, the railway being for 
this distance carried between retaining walls. Vertical 
and horizontal sections, showing the construction of the 
retaining walls employed, are given in Figs. 5 and 6, and 
from these it, will be seen that the walls are constructed 
in bays, each bay being formed of an arched panel 
abutting against counterforts, as in the case of the 
side walls of the girder-covered way. At the back of 
the walls the counterforts are two and a half bricks 
thick, whilst in front of the panels the thickness is 
creased to four bricks. The depth of the counterforts, 
measured from the face to the back, varies according to 
the depth of the excavation, and the rule which has 
been followed is, to make the depth of the counterforts 
at the rail level=}rd the height of the retaining wall 
+18in. The height here taken is the height above 
the level of the rails of that portion of the wall which 
is built in bays, and the top of which is generally about 
18 in. below the ground level. Above the retaining 


wall there is a parapet-wall, as will be seen from Fig. 5. 
The backs of the counterforts are carried up_per- 
ener g and their front faces have an uniform 
atter of 1 in 8, so that the rule above given deter- 
mines their depth from back to front at the top as well 
as at rail level. 

The counterforts are 11 ft. apart from centre to 








centre, and the arched panels between them are one 
brick thick for a depth of 10 ft. from the top of the 
retaining wall, and one and a-half bricks thick below 
that depth. The versed sine of the horizontally arched 
panels is 1 ft., and at their springing they are set back 
lft. 6in. from the faces of the counterforts. The 
spaces behind the panels are filled in with lime con- 
crete level with the backs of the counterforts, the same 
arrangements being made for drainage as in the case 
of the side walls of the girder-covered way. The dis- 
tance between the faces of the counterforts of the 
opposite walls, at rail level, is 25 ft., the distance be- 
tween the walls at the top, of course, varying accord- 
ing to the depth of the excavation. The footings of 
the walls rest upon cement concrete carried down 
about 5 ft. below the rail level, as in the case of the 
side walls of the covered way. The parapet walls are 
6 ft. high above the ground level, and are panelled, the 
panels being one brick and other parts of the wall, ex- 
cept at the string course and capping, one and a half 
bricks thick. The retaining walls, like the side walls 
of the covered way, are constructed in trenches of 
sufficient width, the ground between these trenches 
being left for removal by end excavation. ‘These re- 
taining walls, and indeed all the details of the works 
are admirably proportioned to the duty they have to 
perform, and by their construction very great resisting 
power is obtained with a comparatively small expendi- 
ture of material. The excellence of the design is also 
well matched by the quality of the workmanship, the 
whole of the Pench which has so far been carried 
out in connexion with the works of the Metropolitan 
District Railway, having been executed in a manner 
which reflects the greatest credit upon the contractors. 
(To be continued. 








WATERFALL CONDENSERS. 
To rue Eprror or ENGINEERING. 

Smr,—Referring to the article in your number of 19th inst. 
relative to “‘ waterfall condensers,” we beg to state that a little 
engine on this principle was designed and erected about eighteen 
years ago by the late senior partner of our firm, Mr. John 
Hastie. It has been in operation ever since, in the attics of 
“the Roxburgh-street Sugar Refining Company’s” premises here, 
hoisting ‘ moulds.” 

When the hoist was first required in this situation, the only 
steam available was that used for heating the “* house,” and only 
of about 41b. mean pressure on the square inch; in these cir- 
cumstances it was intended to havea condensing engine with the 
usual air-pump, when, on referring the matter to Mr. Hastie, he 
thought it possible to dispense with the latter and obtain a 
vacuum by utilising water from a a store on the roof of 
the building, the engine being placed fully 40 ft. above the 
reservoir into which the water flowed. The experiment was 
quite successful, and though provision was made for an air- 
pump in case of any difficulty, it never was required. The 
cylinder is 8 in, diameter by 12 in. stroke, and on testing it this 
week we found that the mean vacuum is 20 in. 

We may also add that, since the same idea has been put in 
practice in the sugar refineries here, an “atmospheric pipe” 
being attached to the condensers of all the vacuum pans, thus 
easing the vacuum pump of all water, making it in fact nothing 
more than an air-pump, the vacuum of 20 in. or 22 in. produced 
by the “ waterfall condenser” not being sufficient for sugar- 
boiling purposes, as the best possible vacuum is required, so 
that the syrups may boil at the lowest attainable temperature. 

We are, yours truly, 
Joun Hastiz AND Co. 

Deer Park Engine Works, Greenock, 

October 26, 1866. 
THE ENERGY IN IMPELLED SHOT AND IN 
RECOILING GUNS. 
To tHe Eprror or ENGINEERING. 

Sir,—It is easy to understand why there should be so much 
more energy imparted to a projected cannon-ball than to the 
cannon from which it is fired. If the weight of the gun be one 
hundred times the weight of the ball, and if an equal amount of 
energy be imparted to each, then it is plain that this energy 
would raise the gun through ;3sth part of the height through 
which it would raise the ball. But if the circumstances of the 
recoil be such that in the time consumed by the ball in travers- 
ing the length of the gun, which we may suppose to be 10 ft., 
the gun recedes backward only 1 in., then there will be only 
120th a of the energy imparted to the gun that is imparted 
to the ball, since the energy is measureable not by the pressure 
alone, but by the pressure multiplied by the space through 
which the pressure acts. Instead, therefore, of the gun being 
raised through ;3sth of the height to which the ball would be 
raised, it would, on this supposition, be only raised through 
Thoth of that diminished height, or through ys3ssth the height 
through which the ball would be raised by the energy imparted 
to it. The whole energy, it is plain, that is generated by the 
powder goes to move the ball in one direction and the gun in the 
opposite direction, and the more effectually the recoil is pre- 
vented, whether by the great weight of the gun or otherwise, 
the less energy will be consumed by the recoil, and the more 
will be left for the propulsion of the shot. 





, &e., 

Berkeley Villa, Regent’s-park-road. Joun Bourne. 

[The energy imparted to the gun in a single discharge can 
never be equal to that imparted to the shot, even where both are 
perfectly free to move, so long as the gun is heavier than the 
shot; but the whole energy of the gun is expended in recoil, 
and is the product of the distance of recoil multiplied by the 
mean frictional or other resistance overcome.—Ep, oi 


THE PIACENZA AND PAVIA RAILWAY 
BRIDGES. 


Tue construction of railways, and especially the 
more general use of iron in bridge building, has of late 
years effected a great revolution in the methods em- 
sloyed for putting in bridge foundations. The late Dr. 
Poits was the first to introduce the method of sinking 
hollow piles by the exhaustion of the air, and a system 
for sinking caissons or large piles, precisely the oppo- 
site to that of Dr. Potts, is now in somewhat general use 
for the foundations of large works in deep water. This 
system was first made use of by a French engineer, 
M. Triger, and afterwardsin England by Mr. Hughes 
for the foundations of Rochester bridge; and it is on 
this principle that the foundations of the bridge over 
the Po, at Piacenza, on the Milan and Piacenza Rail- 
way, and of the bridge over the same river at Mezzana- 
Corti, on the Pavia and Voghera line, have been 
constructed. The designs both for the decorative 
part of the masonry and for the iron superstructure 
were entirely made by Italian engineers. 

The bridge lately opened at Piacenza is 577 metres 
in length, and consists of eight openings or spans, sup- 
ported by seven piers and two abutments in masonry ; 
it is constructed for asingle line, and has been designed 
for a maximum load of 40,000 kilogrammes, or about 
4 tons per metre forward. 

The Mezzana-Corti bridge is without doubt a much 
more important work, being 828 metres in length, con- 
sisting of ten spans, supported on nine piers and two 
abutments in masonry. It is constructed for a double 
line, and the upper part of the iron girders payee a 
carriage way 9 metres in width. It is calculated to 
support a load of 11,600 kilogrammes, or about 
11} tons per metre run, besides its own weight. 

The difficulties to be overcome in putting in the 
foundations were greater at Mezzana-Corti than at 
Piacenza. For the first it was necessary to sink as 
deep as 21 metres through the gravel, and even more 
below the level of the lowest water, whilst at Piacenza 
a solid foundation was met with at about 18 metres, 
and even at 16 metres in the middle of the river bed. 

The construction of the Piacenza bridge was in- 
trusted in 1861 to the well-known Belgian contractors, 
Messrs. Parent, Schaken, Caillet and Co., and was only 
completed last year; whilst the bridge at Mezzana-Corti, 
rr to the activity displayed by the Southern Rail- 
way Company and their energetic contractors, Messrs. 
E. Gouin, of Paris, though commenced much later, 
was opened early this year. It may be added, how- 
ever, that the contractors for the construction of the 
bridge at Piacenza were considerably delayed in the exe- 
cution of their work by the flood of the 18th October, 
1863, which carriedawaymore than 170 metres in length 
of the temporary bridge, and washed into the river a 
girder and half, together with a quantity of tools and 
implements. ‘Thus it became necessary to reconstruct, 
and this was done with praiseworthy activity. An 
idea of the difficulties to be overcome in the sinking of 
the iron caissons may be formed when it is stated that 
those employed for the foundation of a pier are 
11 metres in length by 5 in width, the ends being 
terminated by half-cireles forming cutwaters. The 
caissons used at Mezzana-Corti are of the same 
external form as those previously described, but are 
of larger dimensions, being 14.90 m. in length by 
5.50 m. in breadth. ‘The height of the working 
chambers is in both cases about 2.70 m., and the 
thickness of the plates of which they are constructed 
is 12 millimetres, or nearly 3 in. 

The working chambers of the bridge at Piacenza 
were provided on their upper sides with a central 
service-pipe or tube 2 metres in diameter,‘and two 
other side tubes 80 centimetres in diameter, for the 
supply of compressed air as well as for the descent 
of the workmen. The masonry was built above the 
working chamber, and the grouid was excavated 
below, the earth being lifted to the surface by 
means of vertical dredgers established in the cettral 
tube. These dredgers were worked by a steam en- 
gine, and, in order to permit their being worked 
without the compressed air in the working chambers 
escaping, the central tube was carrie down to 2 little 
below the bottom edge of the caisson, so that a pres- 
sure of air might be established in the working chamber, 
but not in the interior of the tube, which thus re- 
mained entirely filled with water. The men at work 
in the working chamber had nothing to do but to push 
the débris of the excavation into the buckets pf the 
dredger. When a solid foundation was obtained, the. 


working chamber was filled with hydraulic cement 
concrete, and the three tubes were then withdrawn, 
and their places likewise filled in with concrete.- 

At Mezzana-Corti the method of working was almost 
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identical, the only difference being that to each 
caisson there were four tubes instead of three, and 
dredgers were not used, but four larger skips or 
buckets with moveable bottoms instead, these rising 
and falling alternately in the four tubes. The work- 
men filled the skips with the débris of the excavation, 
and they were then raised to the surface by means ofa 
very ingenious lift worked by water power. There 
was an equilibrium chamber to each pair of tubes, and 
whilst one skip ascended, the other descended, and 
whilst one was being filled in the working chamber, 
the other in the equilibrium chamber was being emptied 
into a small wagon to be carried away. In this man- 
ner there was no interruption te the work, and 594 
cubic metres were, on the average, dredged per day. 

Not taking into account the metal used in the 
foundations, the weight of iron employed for the iron 
superstructure at Piacenza is about 2,900,000 kilo- 
grammes, or about 2900 tous; and that employed at 
Mezzana-Corti, 5,706,064 kilogrammes, or about 
5706 tons. ‘The Southern Kailway Company have 
decided on constructing the foundations of several 
other bridges on the principle above described. 


H.M. TROOP SHIP EUPHRATES. 

Messrs. Lainp Brotuers, of Birkenhead, recently 
completed an iron-plated steamship, called the Prins 
Hendrick, for the Dutch Government, which, it is ex- 
pected, will prove one of the most effective ships of 
the kind afloat. And they have now in their largest 
dock, and rapidly approaching completion, a large and 
— steamship, called the Euphrates, for the 
ndian Government. The Euphrates is one of five 
ships designed by the Admiralty for the Indian Relief 
Troop Service, by way of Alexandria and Suez. These 
transport ships are similar in every respect, and are 
being built by Messrs. Laird Brothers and other emi- 
nent builders. The dimensions of the Euphrates are : 
length over all, 365 ft.; breadth, 49 ft. ; tonnage, 4263 
tons. The engines are of 700 horse power nominal, 
but are capable of working up to 4200 horse power. 
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SCALE 10 FEET = | INCH 

The cylinders have a diameter of 94 in., and a stroke 
of 4ft. Gin. The entire machinery has been con- 
structed at the Birkenhead Lronworks, and the engines 
are the largest the Messrs. Laird have ever turned out 
of their establishment. They have been constructed 
with the greatest care, and are fitted with surface con- 
densers and all other necessary appliances for econo- 
mising fuel. The speed of the Euphrates is intended 
to exceed 14 knots an hour, and she will at the same 
time carry fuel for sixteen or seventeen days’ con- 
sumption. The ’tween decks are high, and unusually 
well ventilated, and the fittings are being so carried 
out as to give the greatest possible space, and the best 
sanitary arrangements, for the troops and ship’s officers. 
But the forecastle, although an improvement on most 
of those we have seen, might, we think, have been 
made more commodious for the crew. Every precau- 
tion, however, has been taken, by good ventilation, to 
prevent fever or any other pestilence from breaking 
out amongst the troops—of whom the Euphrates is in- 
tended to carry 1250, Cesides 200ship’s officers and crew. 
The Euphrates has been built in one of Messrs. Laird’s 
covered docks, over which there is a roof, in three 
spans, of corrugated iron. The work has thus been 
entirely protected from the effects of the weather, 
so that, notwithstanding the continuous rain and storm 
which prevailed throughout the summer, every part of 
the ship is as dry as when it left the workshop. The 
importance of this is so obvious, that other baidders 
are now more generally adopting Messrs. Laird’s 
system of building under cover. These five transports 
are to have a draft of water not exceeding 21 ft. Two 
of them are to be placed on the station between Eng- 
land and Alexandria; two between Suez and the 
Indian ports; and the fifth is to be held in reserve for 
any —— use connected with the troop service 
— may arise, or as Captain Mends, R.N., may 

irect. 








Scuavu’s Insecror.—Messrs. Schaeffer and Budenberg, of 
Manchester, request us to state that Schau’s Injectors are made 
_—— firm, not at Manchester, but at Buckau, near Magde- 

g: 





THE OPENING OF A GRAVING DOCK 
AT SUEZ. 

THE inauguration of a graving dock at Suez took 
place on the 1]th October. 

His Excellency Chetif ; Pasha, the Minister of the 
Interior, appointed by the Viceroy, presided at this 
ceremony, accompanied by Latif Pasha, the Minister 
of Marine ; the French, English, and Italian consuls ; 
M. Dussaud, the contractor for the works; M. 
Mouchelet-Bey, engineer to the undertaking ; M. Leva- 
vasseur, the chief agent to the Compagnie des Mes- 
sageries Impériales; the numerous local authorities; 
and the greater part of the European colony at Suez. 

The dimensions of the dock are sufficient to contain 
ships of the largest tonnage, its length being 492 ft., 
its breadth 95 ft., and depth 32.8 ft. It is approached 
from the town by an embankment and railway, and it 
is connected with the sea by a channel about one mile 
in length, 200 ft. in breadth, and 18 ft. in depth below 
low-water mark. The total cost of this work amounted 
to nine millions of francs (360,000/. sterling). 

At a given signal the water was admitted by means 
of four sluices, and the dock was ——, filled in 
two hours. The caisson that closes the entrance of 
the dock was then floated and hauled alongside the 
inner wall, to allow the entrance of the Taka, a steam 
vessel belonging to the Viceroy. The caisson then 
being hauled back into place, the water was pumped 
out of the dock, leaving it perfectly dry, an operation 
that occupied six hours. 

In this manner the new graving dock has been com- 
pletely tested, both By being filled and emptied, with- 
out finding out any imperfection in the working of the 
machines, or any defect in its construction. 

Messrs. Dussaud and Mouchelet-Bey have both 
received the insignia of “Officer of the Order of 
Medjidie,” and the title of Bey has besides been 
awarded to M. Dussaud. 

Of all the large works undertaken by the present 
Viceroy of Egypt, this is perhaps one of the most 
useful, and is certain to obtain for him the gratitude of 
the commercial world. 





Nov. 2, 1866.] 


ENGINEERING. 





331 








FRENCH LOCOMOTIVES. 


TuereE is no doubt but that the French railway engineers 
indulge in much bolder departures from ordinary locomotive 
tice than those of our i country, and this is well illus- 
trated by the engravings of some nger and S engines 
for the Ghemin A Fer du Nord, which we give yd oretohh 
page and page 334. These engines were eg by M. Petiet, 
the engineer in chief to the Chemin de Fer du Nord, and were 
constructed by MM. Gouin et Cie, of Paris, the object aimed 
at in their construction being to obtain engines of great tractive 
wer, which, although necessarily of t weight, would not 
injuriously affect the permanent way. This end M. Petiet has 
attained by dividing the load amongst a number of wheels, and 
also, in the case of the goods engines, by giving the end pairs of 
wheels lateral play, so as to enable the engines to pass readily 
round eurves. In order, also, to avoid coupling a number of 
wheels together, each engine is furnished with four cylinders, 
and they are each provided with large boilers fitted with 
superheaters, whilst the chimneys are disposed horizontally for 
the greater part of their length, as was also the case in one of 
the French engines shown at the International Exhibition of 
1862. 

The passenger engines, which are represented by Figs. 1, 2, 
5, and 6, are carried on five pairs of wheels, the two end pairs, 
which are 5 ft. 3 in. in diameter, being the driving wheels, and 
being situated at a distance of 16 ft. 11% in. apart from centre 
to centre. The intermediate or carrying wheels are 3 ft. 6 in. in 
diameter. The cylinders are each 14,,in. in diameter, their 
combined area being thus equal to that of a single pair 20); in. 
in diameter, whilst their stroke is only 13ysin. The boiler is 
carried very high above the rails, so that the firebox can be ex- 
tended laterally over the small carrying wheels, as shown in 
Fig. 6, the greater width thus obtained allowing the area of the 
firegrate to be increased for the purpose of burning slack coal. 
In the passenger engines which we are now describing, the fire- 
grate measures 4 ft. 10 in. in length by 5 ft. 97 in. in width, and 
its area is thus 28.2 square feet. The firebox has a heating 
surface of 109 square feet, and the crown of the inside box is 
parallel to that of the firebox casing, the two plates being tied 
together by screwed stay bolts in the same manner as the sides 
of locomotive fireboxes generally. 

Each of the passenger engines has 356 tubes, each 11 ft. 53 in. 
long and 137 in. in diameter, these giving a heating surface of 
about 1620 ere feet; and as the tubes take up a considerable 
proportion of the space in the boiler, the room available for 
steam is supplemented by the “dryer” or superheater already 
mentioned. ‘This “dryer” is shown in section in Fig. 2, and 
consists of a cylindrical casing containing a number of iron tubes 
84 in. in diameter, through which, as well as around the casing, 
the waste gases pass on their way tothe chimney. The “ dryer” 
exposes about 129 square feet of heating surface. The great 
height of the boiler of these engines, and the application of the 
“ dryer ” above described, rendered it impossible to fit them with 
vertical chimneys of sufficient length to be of much use, and ac- 
cordingly, when these engines were designed, a number of ex- 

riments were conducted on the action of the blast in chimneys 
in a horizontal position. These experiments were conducted 
under the direction of M. Petiet, by M. Nozo, the superintendent 
of the workshops of the Chemin de Fer du Nord, at La Chapelle, 
and M. Geoffroy, and an account of the manner in which they 
were carried out was given at page 122 of our last volume. 
The principal results obtained from these experiments, briefly 
stated, were: That the best height or length of a chimney varied 
according to its diameter, and was quite independent of the size 
of the blast nozzle, or the pressure of the exhaust steam; that 
the ‘‘ flare ” or bell mouth sometimes given at the bottom of the 
chimney was of no advantage in improving the draught; that 
the best distance for the blast nozzle below the bottom of the 
chimney did not depend upon the pressure of the exhanst 
steam ; and that so long as this best distance is maintained, it does 
not make any sensible difference in the draught if the chim- 
ney is made to descend for some distance into the smokebox, or 
at all events to the ievel of the top row of tubes. 


We have mentioned that the diameter of the driving wheels is 
5 ft. 3in., and we should state that this comparatively small 
size for a quick-running engine was preferred by M. Petiet on 
the score of its necessitating a less amount of dead weight on 
the wheels themselves, whilst the short stroke adopted for the 
a enables the sanie relative speed of wheels and pistons to 

é maintained as in the ordinary large-wheeled passenger en- 
gines, with pistons making strokes of the usual dimensions. M. 
Petiet also considered that for a high-speed engine, in which 
such an amount of adhesional weight was required that it was 
necessary to distribute it upon two pairs of wheels, it was pre- 
ferable to employ four cylinders than to couple the wheels by side- 

ods in the usual manner, and hence, in some measure, the adop- 
tion of the arrangement which we are describing. As will be seen 
from the illustrations, the engines have their valve-motion outside, 
the eccentric-rods being coupled to pins formed on overhung 
cranks—a plan not at all uncommon on the Continent. The two 
sets of valve-gear for the front and back pairs of cylinders are 
controlled by one reversing lever, so that they can be moved 
simultaneously ; but each pair of cylinders is furnished with an 
independent regulator. ‘The frame-plates have the horn-plates 
made in one _ with them, and they are placed inside the 
Springs, as will be seen by Figs. 2 and 6. All the wheels are of 
Wrought iron, and the driving wheels have the balance-weights 
forged on them. 

The supply of water is carried in a tank placed beneath the 
boiler, and having the shape in transverse section shown in 
Fig. 2. This tank holds about 1550 gullons of water, and at 
the back of the footplate is a coal bunker capable of containing 
about 2 tons of coal. The platform for the accommodation of 
the driver and fireman is 5 ft. 7 in. long, and is furnished with 
a light roof to protect the men from any water, &c., thrown out 
of the Reo fe and as the width and height of the platform 
Tender it unsafe for the men to pass round the outside of the 
handrail plates to get at the front part of the engine, the hand- 
rail plates are furnished with doors at their front ends to permit 
the ssage of the men. The barrel of the boiler is 4ft. 
2, in. in diameter inside, and the whole boiler is fixed to the 
frames at the two extremities only. The boiler is fed by a pair 
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of Giffard’s injectors. With 6 tons 18 ewt. of water in the tank, 
and 2 tons of coal in the bunker, the weight of these engines 
is about 47 tons, and of this weight about 21 tons rest upon the 
driving wheels. 

The goods engines, represented by Figs. 3, 4, 7, and 8, are 
very similar in their general arrangement to the engines which 
we have described, save that they carried upon six pairs of 
wheels instead of five, and that these wheels are all of equal 
diameter, and are coupled up into two groups of three pairs 
each. ‘The principal denenaiens of the goods engines are as 
follows: The four cylinders are each 17} in. in diameter, and 
the stroke of the pistons isalso 17} in. The wheels are 3 ft. 6 in. 
in diameter, and the extreme wheel base is 19 ft. 8} in., whilst 
the driving wheels (which are the second pair from each end) 
are 12 ft. 2} in. apart from centre to centre. One of the ten 
goods engines made by MM. Gouin et Cie, on this plan, was fitted, 
subsequently to its construction, with beams on Balwin’s or 
Beugniot’s system. These beams connected the first and third 
axle of each group of three, each beam bearing against a 
—— box placed beneath the corresponding driving axle, and 
the ends being forked, so that they embraced the first and third 
axles near the middle of their length, these axles being furnished 
with collars to receive the lateral pressure. Under this arrange- 
ment the two end axles of each group had a lateral traverse 
upon the rails of 133 in., and, notwithstanding the length of the 
wheel base, the engine traversed with ease curves of 262} ft., or 
less than four chainsradius. In the other engines the end axles only 
have a lateral movement, the amount of play allowed being % in. 

The boiler of the goods engines is 4 ft. 925 in. in diameter 
inside, and contains 464 tubes, each 11 ft. 5% in. long and 142 in. 
in diameter. The external tube surface is thus about 2220 

uare feet. The firegrate is 6ft. 0fin. long by 5 ft. 10} in. 
wide, and thus has the very large area of 35.84 square feet, and 
the firebox, the crown of which is 3 ft. 95 in. high above the 
grate at the back end and 4ft. 4in. at the front end, has 
a heating surface of 108 square feet. In addition to the 
heating surface already mentioned, there is also that of the 
“dryer,” which is of the same construction as that of the 
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passenger engine, but has the increased heating surface of 154 
square feet. With 7 tons 174 cwt. of water in the tanks and 
2 tons 7 cwt. of coal in the bunker, the total weight of one of 
these goods engines is 59 tons, or rather less than 10 tons on 
each pair of wheels, the load being very equally distributed. 
The boiler pressure of both the passenger and goods engines is 
118 1b. per square inch, and one of the latter engines is reported 
by M. Briill to have drawn a train of twenty-one loaded wagons, 
weighing 263 tons, up a gradient rising 1 in 554 for 24 miles, at 
a@ mean 8 of nearly 10 miles per hour. They also draw 
trains of forty-five wagons, averaging loaded 13} tons each, 
up gradients of 1 in 200, at a mean speed of 123 miles per hour, 
and their average speed over the whole line is 15 miles per hour. 
M. Brill, also reports that on the Northern Railway, when em- 
ployed in {the service just mentioned, the consumption of slack 
coal by these engines is 573 lb. per mile. 





A “Pottywoe” Boatr.—A correspondent from the banks 
of the Riviere du Loup, Canada (who informs us that he con- 
siders ENGINEERING to be ‘ the biggest paper out’) describes 
one of his steamboats, built at Hunterstown, for navigating the 
St. Lawrence and also through the locks to Burlington, Vermont. 
It is 93 ft. long, and the deck is shaped like the sole of a boot, the 

dle-wheels occupying the indentations at the sides. The 
width over the dies, and also of the hull in front and be- 
hind the paddles, is 21 ft. 6in., the waist between the paddles 
being 13 ft. 6 in.. The vessel is driven by a pair of high-pressure 
engines, 12in. cylinders, 3ft. 2in. stroke, worked with 90 lb. 
steam at 34 revolutions per minute, when towing, and 45 when 
running by itself. The paddle-wheels are 11 ft. 4 in. in diameter ; 
they are made of iron, and have eight feathering buckets each. 
The draught is not given, but our correspondent mentions that 
the usual engine for such a boat is a condensing engine, with 
82 in. cylinder, 8 ft. stroke, working at from 301b. to 60 Ib. 
steam. The vessel tows three barges loaded with timber, &c., 
and occupies six days on a double journey of about 300 miles. 
It is what is called a “ pollywog” boat in Canada, pollywog 
being an elegant synonym of tadpole. 





[Nov. 2, 1866. 
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RATIONALE OF WATER-PROPELLING. 

To rune Eprror or ENGINEERING. 

Sir,—I was a believer in the Waterwitch, upon principle, till 
I examined the drawings of her pumping apparatus, which 
appears to be arranged with a view to get the minimum result 
out of her steam power by choked and throttled waterways, like 
a steam cylinder with disproportionately small ports. When 
steam has done its work on a cylinder, the easiest possible exit 
should be provided for it, or it will become a resisting medium ; 
and so with the water, both entrance and exit should be as 
nearly as possible in a straight line, and the latter with an ex- 
cess of area over the former, 

The first experimentor on record in water propulsion by means 
of a pump was Benjamin Franklin. When a boy, bathing in a 
millpond at Boston, he got astride of a ship’s pump — the 
genuine old wooden article—which was floating in the pond. 
Working the handle, he found that the mp began to move, 
and so carried him across the pond. Instead of the pump draw- 
ing the water, the water drew the pump. It was, in fact, haul- 
ing on a water rope, though with a considerable amount of im- 
pedimental friction, and so much wasted muscular power to 
Benjamin Franklin. 

This notion of propelling by foreing jets of water against the 
general mass _ is, | think, a wasteful fallacy. In propulsion by 
paddles, each blade in succession lays hold of the water in front, 
at a sufficient rate of speed to prevent it from escaping before it 
has done its work of serving as a gripe to the blade, and yet not 


THE 


so fast as to disintegrate it into foam. And it is in the fact of 


the free column of water existing in front of the paddles that 
gives them the advantage over the screw, which has no column 
of water in front of it, and can only act by the resistance of the 
water behind it. The paddle acts by traction, the screw by 
propulsion. And if a screw were placed in front of the vessel, 
though it would have the advantage of the water column in front 
to haul by, there would be no efficient means of passing aft the 
tail of the water rope, which advantage the paddle has. 

Now, it is quite clear that, to get a firm hold of water, it is 
essential to enclose it, which is done effectually in a pump- 
barrel, but with the disadvantage of great friction, great even in 
a straight barrel, but enormous in a congeries of twisted pass- 
ages, as illustrated in the Waterwitch. 

Well, even in her case the advantages in a war vessel of 

getting all the means of propulsion under water is an important 
consideration, and it will ultimately lead to better construction. 
The screw is a pump just as much as the turbine of the Water- 
witch, and will probably be found ultimately to be the best pro 
peller, or rather hauler, if rightly used, but the arrangement 
must form a much larger proportion of the whole vessel than is 
at present the case. 
‘ fi the year 1819 a vessel, called the Rising Star, was built in 
London for the Republican Chilean Government, under the 
supervision of Lord Cochrane, who, albeit one of the shrewdest 
of naval commanders in the art of surprise, was very far from 
shrewd, though equally surprising, in the mechanical art. So 
he determined to have the paddles in the bottom of the vessel’s 
hull, instead of at each side. Two water-tight compartments 
were therefore made in the bottom, and the paddles snugly 
lodged in them flush with the bottom, The result was that the 
revolutions filled the boxes with water, but did not propel the 
vessel, inasmuch as there was no mill-race to get the water 
away. His lordship incubated over it for a week, and then 
went to Mr. Galloway, the engineer, with a new cut-and-dry 
plan. This was to inject air by the pump into the paddle-boxes 
to keep down the water level. ‘The result of this was that the 
paddles thoroughly mixed the air and water, and produced an 
enormous mass of froth, but still no propulsion, and both that 
and the Cochranean smoke-consuming apparatus ended, not 
quite in smoke, but in a loss of eighty thousand pounds to the 
Chilean Government by the experiment. It was neither water- 
traction nor water-propulsion, but simply water-pounding. 

To get the most efficient result from a screw, it will be neces- 
sary to make a water-alley of annular form right through the 
vessel from stem to stern, an alley of large size, and with the 
stern of the alley of considerably larger diameter than the stem. 
In this the screw will be enabled to haul an efficient water rope 
and dispose of the tail without skin friction on the alley, the 
water rope b ing ol consider ibly less diameter than the alley. 
How to put the screw to work in this under water-alley is a 
problem, but not an insurmountable one. ‘There will be a loss 
of displacement, no doubt, but the result to be obtained is to 
get the maximum of speed in a small vessel serving as a stock 
to two guns fore and aft of enormous size and range, with com- 
fortable accommodation for officers and crew—a vessel, in short, 
built upon a conical tube serving for a screw to the mill-wheel 
that gripes the water rope, Not « merchant craft, certainly, for 
her hold would be largely taken up with her propelling power, 
but probably a passenger vessel, for there would be no vibration 
from the serew. I may return to this subject after it has been 
duly criticised and demonstrated to be wrong. 

Your constant Reader, G. A. H 

[ The initials are not those of our cor respondent, who is a well- 

known engineer, but are derived from “ Go a-head.”—ED. E. ] 


THE WATERWITCH. 
To tue Eprror or ENGINEERING. 

Sin,—The Viper and the Vixen bave the very worst forms for 
speed in the service, because they are tremendously burdened on 
a very light draught of water; and are mere rectangular boxes, 
shaped off a bit at the bow and cut awfy at the stern to make 
places for two screws in two dead-woocs, the double dead-wood 
giving you more displacement than one, ceteris paribus, although 
Captain Symonds has publicly asserted the contrary. The 
Waterwitch is a somewhat better form, because she has a foot 
more immersion than they at one end, and so Mr. E. J. Reed 
was enabled to fine the ends. 

The essential inferiority of the jet plan is to be found in this, 
that with the jet propeller under the best circumstances—cer- 
tainly not affecped by draught of water—it has done barely as 
well as screws at their very worst, namely, in a very light 
draught ship with avery bad run. If the jet vessel is inferior 
to the worst screw vessels we have, how can the jet be a suc- 
cessful propeller ? 


Westminster, Oct 27, 1866. A NavAL ARcHITEcT. 








To THE Eprror or ENGINEERING. 

Srr,—In extension of my remarks on H.M.S. Waterwitch, 
which you were good enough to publish last week, } should be 
obliged if you will now allow me to add that since then I have 
had an opportunity of examining the hull of the Vixen, which 
is, I believe, the sister ship, and exactly similar to the hull of 
the Viper. Now, although the Viper may be a vessel (to use 
the words of the Times) “ precisely similar to the Waterwitch in 
tonnage, displacement, &c., and in ratio of horse power of 
engines to tennage,” I contend that no sort of comparison can 
properly be instituted between the performances of the two 
vessels, 

In the trials of different vessels when the object in view is 
either to compare the merits of the propelling machinery or of 
the hulls, it is imperatively necessary that in the first case the 
hulls should be precisely similar in all respects, and in the latter 
case, that with variation of the hulls the propelling machinery 
in each vessel should be exactly similar, as without these condi- 
tions it is impossible to apportion properly to the hull and to the 
machinery the proper share of the results. 

Now, the hull of the Viper is as different as possible from that 
of the Waterwitch. In the former vessel the stern is double, 
like a swallow’s tail, the two portions gradually approaching 
each other as you advance towards the midship section, and 
ultimately merging into one. Then the space between the two 
tails is covered over beneath the water level. 

It appears to me that such a form must carry a large 
of dead water along with the vessel, approximating the stern, in 
effect, to a square end, and so by increasing the resistance of the | 
vessel, by adding largely to the minus resistance, necessitating | 
a large percentage of slip of the screws, which amounts (as | | 





amount | 


am informed) to no less than 27 per cent. 

In such a case the screw propeller acts at a very great disad- 
vantage, for not only is the foo very great directly through the 
slip, but (as I have several times stated elsewhere) the resistance 
of the ship is increased in consequence of the abstraction of water 
from the stern by the screw, which acts as a pump. 

Therefore I am led to the conclusion that, although it may | 
have taken 750 indicated horse power to drive the Viper at a 
speed of nine knots, there is no sort of reason for the Waterwitch 
requiring an equal power to give the same speed, if she were 
propelled by similar machinery to that in the Viper. 

1 am, Sir, your obedient Servant, 

Westminster, Oct. 30, 1866. Gro. H. Purers. 


To Tne Eprror or ENGINEERING. 

Str,—The comparison of the performance of the Waterwitch 
on her recent trial trip with that of other vessels of similar form 
and dimensions places beyond doubt the fact that, as carried 
out in that vessel, the system of water-jet propulsion gives re- 
sults decidedly inferior to the methods in ordinary use. There 
appears to me, however, to be no theoretical reason (though 
there doubtless are practical ones) why as great economy should 
not be obtained in the use of this system as of any other, since 
the principles underlying them all are the same. The action 
of any propeller may be resolved into two components, viz., an 
expenditure of power in propelling the vessel, and an expenditnre 
of power in setting in motion a certain amount of water ina 
direction contrary to that in which the vessel moves. Economy, 
of course, merely consists in reducing this latter element to a 
minimum. Now in the Waterwitch it is very evident that the 
larger proportion of her engine power is expended in the latter 
manner, since the velocity of the column of water discharged 
from the nozzles is much greater than the velocity of the vessel 
moving away from the jet. : 

Keeping the effective pressure tending to drive the vessel 
ahead the same, it is easy to show that the proportion of engine 
power required to obtain this pressure can be varied, as in other 
means of propulsion, by altering the area of the jets. 

Suppose, for example, that the vessel were moving 
the rate of 16 ft. per second, and that, in addition to this, the 
engime were throwing a jet of water astern with an absolate | 
velocity, with reference to external objects algo, of 16 ft. per | 
second. The velocity of the water through the pipes would be 
32 ft. per second, and it is evident that just one-half the power 
of the engine would be utilised to propel the vessel. Now, keep- 
ing the propelling force the same, if we suppose the area 
of the nozzles to be increased fourfold, the pressure per | 
square inch required will be one-quarter of what it was | 
before, which will correspond to an absolute velocity of 8 ft. per 
second for the issuing jet, or 24 ft. per second through the pipes, 
and theengine, therefore, will be moving 4x 4 times the volume 
of water against 4th the pressure in the same tine, working there- 
fore at §rds the power that it previously developed. By continuing | 
indefinitely to increase the diameter of the jets, we should finally | 
bring the speed of the water through the pipes necessary to | 
maintain the assumed propelling force down to that of the vessel | 
througa the water, in which case the whole of the engine power | 
would be utilised for propelling the vessel, and this would cor- 
respond to a vessel having paddle-wheel floats of infinite size | 
and no slip. Of course, this theoretical limit is unattainable, 
and in practice any near approximation to it even would be im- 
practicable on account of the great mass of water to be taken 
into the vessel increasing its displacement. 

In regard to the question whether the jets should discharge 
above or beneath the surface of the water, it seems to me to 
depend entirely on the relative velocity of the vessel forward, 
and the jet backward. Thus, if the water issued from the jet 
with ne motion of its own backward, that is, with the same 
velocity as the vessel moved ahead (were that possible) it would, | 
of course, only add to the resistance of the vessel to let the | 
nozzles plough through the water, as the issuing stream would | 
merely fall into the furrow and receive no resistance from the 
water. But if the issuing jet have a velocity of its own back- | 
wards three or four times as great as that of the vessel forward, | 
the resistance of the surrounding mass of water would have | 
greater effect in checking the velocity of the jets than in opposing 
the motion of the vessel. } 

Iam, &c., } 
Frep. J. SLADE. | 
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London, Oct. 30, 1866. 
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To THe Epiror or ENGINEERING. 


Sim,—I quite concur in what has been said by yourself and 
Mr. Phipps as to the waste of power in the Waterwitch. Some 
of the waste is no doubt imputable to imperfection in the details, 
and may be obviated in future vessels. But a large part of it is 
inseparable from the plan of propulsion that has been adopted, 
The fan or turbine, as it is called, appears to me to be too large 
in diameter for the size of the nozzles, and radial blades are 
clearly incorrect, both of which facts are, I think, demonstrable 
by a reference to the experiments made with Appold’s pump, 
which owes part of its success to its small diameter, and part 
to the use of curved blades instead of radial ones. After these 
defects have been corrected, however, there will still remain the 
friction of the water in the fan and channels, which will be 
much greater than the friction encountered in a screw vessel, 
and which will consume a considerable amount of the engine 
power. In the Waterwitch the propulsion is effected by the 
engine laying hold of a rope of water, the inertia of which 
answers to the cohesion of an ordinary rope, and in order that 
the power may not be uselessly expended in chawing up the rope 
instead of in propelling the vessel, the dimensions of the effluent 
jet-must be cash as to give the necessary inertia. In no case 
will the vessel move so fast as the jet. But the more nearly 
she does so, the less will be the loss by slip or penetration. With 
the increased size of the pipes, however, the friction will in- 
crease, and there will be a certain diameter of pipe which it will 
not be useful to exceed, as there would be a greater loss from 
increased friction than the gain from diminished penetration. 

It does not follow, however, though there is an inevitable loss 
in the use of water-jet propulsion, that it will be inadvisable, in 
any case, to adopt that system. On the contrary, I think that 
in ships of war it has such compensating advantages, from the 
whole of the mechanism being placed within the vessel, and 
therefore not liable to injury from hostile shot, that it is very 
proper to give it a fair trial, with a view at least to its partial 
adoption. That better results than have been obtained in the 
Waterwitch will be obtained in subsequent vessels may fairly be 
expected, and that result, as it stands, cannot be considered 
unfavourable or discouraging. But the large pretensions which 
have been put forth of an equality in performance to that of the 
screw cannot be admitted, and are calculated to damage the 
system in public estimation by provoking opposition to claims 
which should never have been preferred. 

Joun Bourne. 

Berkeley Villa, Regent’s-park, Oct. 29, 1866. 

——————— 
THE WATER-JET PROPELLER. 
To tHe Eprror or ENGINEERING. 

Srr,—Many years since I was much engaged in endeavouring 
to carry out an invention for this purpose for a gentlemen high 
in the Navy, and came to the conclusion that there was only one 
obstacle to this otherwise excellent mode of propulsion, the ob- 
stinate vis inertie of water in motion when compelled to change 
its direction occasioning an enormous loss of power. That is to 
say, if water could be introduced at the forward mouth of a 
uniform trunk, and expelled at the stern without any change 
whatever in its direction, the moving power would be in that 
case economically employed. I have but slender hopes, how- 
ever, that any means may be devised for the accomplishment of 
this desirable object. 

As an illustration, by placing a chain pump horizontally, with 
its lower trunk of uniform diameter reaching from stem to stern 
below the water line, the objection would be removed, but any- 
thing like speed by such means would be obviously impossible. 

In regard to the Waterwitch, I think the application of the 
turbine wheel is not a happy idea, on account of the complica- 
tions in the direction of the course of the water, which must 
necessarily absorb a considerable portion of the mbving power 
without any corresponding advantage. 

I would suggest in preference Gwynne’s centrifugal pump, so 
placed that the exhaust and delivery trunks be in perfect line 
extending from stem to stern, andof uniform diameter through- 
out, as the contraction of the spouting nozzle is quite an ima- 
ginary benefit. 

Centrifugal pumps are simple and effective for raising water to 
low altitudes in confined . situations ; but where there is ample 
space, as in draining the Haarlem or the Zuyder Sea, open chain 
pumps would be far superior in economising moving power, as 
they are necessarily worked at slow speeds, and can be made to 
raise any amount of water to an altitude amply sufficient in 
most cases of simple drainage. 

Faithfully yours, 
Henry W. REVELEY. 

Reading, October 30th, 1866. 


THE METROPOLITAN MAIN DRAINAGE. 

A FORTNIGHT ago we gave in this journal a general 
description of the metropolitan main drainage works 
on the north side of the Thames, and we now propose 
giving a similar account of those on the south side of 
On the south, as on the north side, there 
are three lines of main sewers, the High-level sewer 
on the south side having a southern branch which 


| corresponds to the Middle-level sewer on the north 


side, and there being, as on the north side, a Low-level 
sewer for draining the low-lying districts near the 
river. . . 
The main line of the High-level sewer commences at 
Clapham and the branch at Dulwich, and together 
they drain an area of about 20 square miles, embracing 
Tooting, Streatham,: Clapham, Brixton, Dulwich, 
Cainberwell, Peckham, Norwood, Sydenham, and part 
of Greenwich. The main line varies in size from 
4 ft. Gin. by 3ft. at its upper end to 10 ft. 61m. by 
LO ft. 6 in. at its lower end, and has a circular crown 
with segmental sides and invert, whilst its falls are, 
at the upper end, 53 ft., 26 ft., and 9ft. per mile to 
24 ft. per 











Nov. 2, 1866.] 


ENGINEERING. 





333 





=> 








mile from thence to the outlet. The thickness of the 
brickwork of the sewer varies from 9 in. to 224 in., the 
lower half being laid in Portland cement, and the 
upper half in blue lias mortar ; and the whole line has 
been completed and in use since January, 1863. ; 

The branch has a length of 44 miles, and its size 
varies from 7 ft. in diameter to 10ft. 6in. by 10ft. 6in., 
its section, when of the latter size, being the same as 
that of the main line sewer. About 1000 ft. of the 
branch were executed in tunnel at depths varying from 
30ft. to 50ft., and the soil through which it was 
carried consisted principally of sand and clay, contain- 
ing a large quantity of shells. This branch has itself 
two subsidiary branches connected with it at Dulwich, 
the one extending to the Crystal Palace and the other 
to Crown Hill, Norwood; whilst the old Effra sewer 
has also been diverted into it. 

In the New Cross road, near the New Cross Station 
of the Brighton Railway, the main and branch lines 
meet, and are carried side by side along the road to 
Deptford. At Church-street, Deptford, the double 
line of sewer occupies the whole width of the street ; 
and the inverts of the sewers having-to be carried under 
the foundations of the houses, the latter were under- 
pinned, and the spaces between them and the sewer 
filled in with concrete. ‘The subsoil through which the 
sewer had to be carried at this place consisted of loamy 
sand and conerete charged with large quantities of 
water, and the difficulty of the work was increased by 
its being necessary to divert the waters of the old 
Ravensbourne sewer, which passes through the centre 
of the street. At the New Cross Station the main 
line is 10 ft. below the branch line of sewer, but they 
are brought to the same level at Deptford Broadway, 
the branch sewer being constructed with a more rapid 
fall than the other. Both the lines have sufficient 
capacity to enable them to carry off the flood waters 
from their districts, so that they may be prevented 
from flowing down to the low-level district. At Dept- 
ford Creek there is a discharge for the storm waters, 
whilst four iron pipes, each 3 ft. 6in. in diameter, laid 
under the creek, carry the sewage and any moderate 
amount of rainfall to the outfall sewer. The distri- 
bution of the storm waters is effected as follows: At 
their outlets the main and branch sewers are each fitted 
with a pair of hinged flaps placed one above the other, 
the lower ones, which serve as a dam to force the 
sewage and water through the iron pipes already men- 
tioned, being generally kept closed. The upper flap 
of each sewer hangs free, and it serves, when the 
sewage or water rises too high within the sewer, to 
allow of its discharge into the creek at certain states 
of the tide. The lower flaps can also be opened in the 
case of heavy floods, so as to relieve the sewers, by 
giving a direct discharge into the creek. The iron 
pipes, which we have already mentioned as being laid 
under the creek, are furnished with penstocks, and 
communicate with the sewers by means of troughs or 
sumps formed a short distance within the outlet flaps. 

The districts of Putney, Battersea, Nine Elms, 
Lambeth, Newington, Southwark, Bermondsey, 
Rotherhithe, and Deptford, which altogether comprise 
an area of about 20 square miles, are drained by the 
Low-level sewer, which is about 10 miles in length, 
and has an important branch about two miles in 
length, which joins it at High-street, Deptford. The 
Low-level sewer varies in size from a single culvert 4 ft. 
in diameter to a pair of culverts each 7 ft. high and 
7 ft. wide, and of the shape shown in the section, Fig. 
1. It has a fall of from 4 ft. to 2ft. per mile, and at 
its outlet the sewage has to be lifted 18 ft. into the out- 
fall sewer, most of the district drained by the Low-level 
sewer being below the level of high water. In fact, 

fore the construction of the Low-level sewer the dis- 
tricts through which it passes were frequently flooded 
after a period of heavy rainfall, and were conse- 
quently very unhealthy, whereas they are now as dry 
as other parts of the metropolis. ‘The branch sewer 
which we have mentioned as joining the main line of 
Low-level sewer at High-street, Deptford, intersects the 
Earl, the Duffield, and the Battle-bridge main sewers, 
and relieves a large and populous district. It varies in 
size from 5 ft. to 5 ft. 6 in. in diameter, and has a fall 
of 4 ft. 6 in. per mile, its depth below the surface being 
from 15 ft. to 40 ft. 

Che district through which the Low-level sewer 
passes was formerly covered by the Thames, and the 
sewer itself is constructed through a layer of sand and 

gravel copiously charged with water and overlying the 
clay, as is frequently the ease in river beds. In many 
Parts the execution of the works presented consider- 
able difficulty, which were, however, all successfully 
met and overcome. In the execution of a few of the 
early works connected with the main drainage system 
Some rather disastrous restilts were occasioned by the 
Withdrawal of ‘ 





the sand from quicksands when the! drives two single-acting pumps, with plungers 7 ft. in 


water was being pumped out, this withdrawal causing 
settlement to take place and injuring the foundations | 
of surrounding houses. In carrying out the works onthe | 
south side of the Thames, however, a mode of pump- 

ing out the water from the ground was adopted, | 
which prevented the withdrawal of the sand, this mode | 
of proceeding being as follows:—In a convenient | 
position near the intended works, a brick well was | 
sunk to a depth of 5 ft. or 6 ft. below the lowest part | 
of the proposed excavation, and in some cases, where 
the depth was great, an iron tube was sunk below the 
brickwork. The bottom and sides of the well were 
lined with shingle, which exposed a large filtering 
surface to the water passing through it ; and from the 
well-pipes were laid to below the invert of the in- 
tended sewer, these pipes terminating in small pits, 
which received and detained any deposits. 

This arrangement was adopted in the construction of 
the Low-level sewer near the gasworks at Deptford, in 
which case the drainage of the excavation for the 
sewer was effected by a 15 in. iron pipe leading to the 
lower end of an iron cylinder, 10 ft. in diameter, placed 
as shown in Fig. 1. The iron cylinder was per- 























forated at the bottom, and was filled for a height of 
about 7 ft. with iron slag. In carrying the sewer 
under the Grand Surrey Canal, the excavation was 
drained by means of a series of small sumps 40 ft. 
apart. communicating by means of a 12in. pipe with 
the bottom of a sump sunk in the Old Kent-road, in 
the neighbourhood of the canal. This arrangement is 
shown in Fig. 2. The distance between the top of 
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the sewer and the water ini the canal was only 8 ft., 
and when the sewer was again carried under: the 
canal, in the Deptford Lower-road, it was only 6 ft. 
4in., the whole of the intermediate soil being sand and 
gravel, with the exception of 1 ft. of puddle at the 
bottom of the canal. A line of tunnel, about 1000 ft. 
in length, was also executed through similar ground 
from Kennington Church to the Old Kent-road. From 
this length the water was pumped out-at the rate of 
8000 gallons per minute, whilst the tunnel, which was 
about 10 ft. in diameter, was carried close under the 
basements of a large number of houses, the top‘ of 
the tunnel being only from 10 ft. to 12 ft. below the 
surface. In carrying the tunnel under Deptford 
Creek, the water was removed from the works by sink- 
ing two iron cylinders, each 10 ft. in diameter, through 
the sand, to a depth of 45 ft., and pumping the water 
from them at the rate of from 5000 to 7000 gallons 
per minute. In order that the navigation of the Creek 
might be kept open, a cofferdam was constructed into 
the middle of the Creek, from each side consecutively, 
half the work being performed at one time. 

At Deptford, by the side of the Creek, is a pumping 
station where the sewage from the Low-level sewer is 
lifted a height of 18 ft. into the outfall sewer. At this 
station there are four condensing, rotative, beam 
engines, each of 125 horse power. Each engine has a 
cylinder 48 in. in diameter, with a stroke of 9 {t., and 





diameter and 4ft. 6in. stroke, one pump-rod bein 
coupled to the beam midway between the piston-ro 
and main centres, and the other midway between the 
main and connecting-rod centres. The pumps have 
leather-faced hanging valves, and they discharge the 
sewage into a wrought-iron culvert connected with the 
outfall sewer by a brick culvert, which also receives 
the sewage from the High-level sewer, this last-men- 
tioned sewage having previously been conveyed under 
the Creek through the four 3 ft. 6 in. cast-iron pipes 
already mentioned. The air, feed, and cold-water 
pumps of the Deptford engines are worked from a 
separate beam, as in the case of the Crossness engines, 
which we described at page 149 of our last volume. 
The four engines are capable, together, of lifting 
10,000 cubic feet of sewage per minute to a height of 
18 ft., and they are supplied with steam by ten single- 
flued Cornish boilers, each 30 ft. long by 6 ft. in dia- 
meter. The chimney-shaft is 150 ft. high by 7 ft. 6 in. 
in diameter at the base and 6 ft. at the summit, and 
the furnaces draw air from the sewers and engine-well, 
so as to assist in the ventilation of the works. 

The Southern Outfall sewer extends from the Dept- 
ford pumping-station, through Greenwich and Wool- 
wich, to Crossness Point on the Erith Marshes, a 
distance of 73 miles. It is 11 ft. 6in. in diameter, 
and is, unlike that on the northern side of the river, 
constructed wholly below the ground level. This sewer 
has a fall of 2 ft. per mile, and the brickwork of which 
it is formed is generally 1 ft. 6in. in thickness. The 
soil through which it passes is principally sand and 
_ and the sewer is generally constructed about 

6 ft. below the surface. At Woolwich, however, where 
it is constructed at a depth of from 45 ft. to 75 ft., the 
tunnel passes partly through the chalk. At the outlet, 
the bottom of the sewer is 9 ft. below the level of low 
water, so that in case of necessity it would be possible 
to discharge the sewage direct into the river at or near 
the period of low water. Ordinarily, however, the 
sewage is raised by engine power, and stored in reser- 
voirs until near the time of high water, when it is dis- 
charged. The engines at Crossness are four in number, 
and each of them has a cylinder 4 ft. in diameter and 
9 ft. stroke. Each engine works a pair of pumps with 
four plungers each, two of the plungers of each pump 
having a stroke of 4 ft. 6 in., and the other two a stroke 
of 2ft. 3in. The plungers are each 4 ft. 6in. in 
diameter. We'gave a full description of the Cross- 
ness engines at page 149, of the boilers at page 198, 
and of the reservoirs, &c., at the Crossness pumping- 
station at page 437 of the last volume of EnGinrER- 
NG, so that it will be unnecessary for us to enter into 
further details here. The amount of sewage discharged 
on the south side of the Thames is 4,000,000 cubic 
feet per day, but in the construction of the sewers 
provision has been made for an increase in this amount 
up to 5,750,000 cubic feet | day, as well as for a 
rainfall of 17,250,000 cubic feet per day. 

The bricks used in the metropolitan drainage works 
havebeen principally ickedstock and Gault clay bricks, 
whilst some Staffordshire blue bricks have in some cases 
beer? employed for facing the inverts. From one-half 
to two-thirds of the upper circumference of the sewers 
has been laid in blue lias lime mortar, composed of 
2 parts of sand to 1 of lime, whilst the remaining por- 
tion of the sewers has been laid in a mixture of equal 
parts of Portland cement and sand. The cement 
used was ground very fine, and was specified to weigh 
not less than 1101b. to the bushel; and samples of it 
moulded in an iron mould into bars 14 in. square had to 
sustain a weight of 500 Ib. after having been immersed 
in water for seven days. The main drainage works 
were executed under the immediate superintendence 
of Mr. Bazalgette’s assistant engineers, Messrs. 
Lovick, Grant, and Cooper, and the principal contrac- 
tors were Messrs. Brassey, Ogilvie, and Harrison; Mr. 
Webster; Mr. Furness; Messrs. Aird and Sons; Mr. 
Moxon ;, Messrs. James Watt and Co.; Messrs. 
Slaughter; and Messrs. Rothwell and Co. When quite 
completed, the total cost of the works will have an 
about 4,100,000/., and the necessary sum has been 
raised by loan, and is being paid off by a 3d. rate on 
the metropolis. In Mr. Bazalgette’s paper on the 
main drainage system, to which we referred in our 
former notice, the rateable value of the metropolis is 
given as 14,421,0112, at which value the rate above 
mentioned produces 180,262/. per annum, a sum which 
will enable the principal and interest of the loan to be 

aid off in about forty years. Altogether there are now 
in London about 1300 miles of sewers. and 82 miles 
of main intercepting sewers, and the pumping power 
amounts to 2380 horse power nominal, whilst the 
execution of the main drainage works has involved 
the excavation of 3,500,000 cubic yards of earth and 
the consumption of, 880,000 cubié yards of concrete 
and 318,000,000 of bricks. 
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THE WATERWITCH. 


WE presume there is no doubt, among engineers at 
least, of the enormous waste of power by the jets of 
the Waterwitch on her trial a fortnight ago. Although 
we cannot calculate with certainty, and beforehand, 
what amount of useful work a given jet will, by its re- 
action, perform in propelling a ship, we can determine 
very closely the amount of power required to maintain 
a given jet, and when the jet-propelled ship has once 
been tried we can as closely determine how much of 
this power has been wasted. For the velocity with 
which the water will be driven out depends upon the 
pressure within the pipe leading to the jet ; and what- 
ever this pressure may be, it is precisely the force with 
which the ship is driven ahead. As for the power ex- 
pended in maintaining the jet, there are two modes of 
calculating it, and which give identical results, the 
friction of the water in the jet-pipe being disregarded 
in these calculations, although it, of course, absorbs a 
further share of the total power exerted. One mode 
of calculating the amount of power expended by a 
water-jct is to multiply the weight of water, prea in 
a given time, by the height to which its velocity of 
issue would theoretically carry it iz vacuo. ‘The other 
mode is to multiply the pressure generating the jet 
(or rather the pressure of a column of water of 
the same area as the jet, and of a_height 
which would theoretically generate the velocity of the 
jet) by the linear rate of flow in the same given time. 

is, we may even say beautiful, mode of double calcu- 
lation was employed in our last impression in calcula- 
ting the power expended by a steam jet of 1 square 
inch section, and issuing under a pressure of 100 lb. at 
a velocity of 1875 ft. per second. Now, until the 
onward motion of a jet-propelled vessel through the 
water becomes equal to the issuing velocity of the jet, 
or, in other words, until the whole motion of the jet is 
taken out of it in propulsion, and its particles drop 
vertically, ‘into the sea, from their positions at the 
instant of ejection, there will be more or less “slip,” 
as the term is commonly understood. Each particle of 
water, as it issues from the jet, should thus form a 
firm, although but momentary, abutment for those im- 
mediately following it, the pa. cr of water being thus 
‘built upon or lengthened at the rate at which the vessel 
moves. And when we speak of the issuing velocity, it 
is clearly apparent that this is the velocity of the jet 
with reference to the nozzle from which it issues, or, 
in other words, with reference to the ship. It is this 
velocity only, and not the motion of the jet with 
reference to external objects, that is to be considered 
in the question of propulsion ; for we can conceive a 
ship going 15 ft. per second, and assisted by sails or by 
external power, while the jets are issuing only at 12 ft., 
each particle of the jet being thus’ carried bodily 
forward, with reference to external objects, at the rate 
of 3 ft. ts second. This case would be analogous to a 
Screw ship dragging her screw at a speed greater than 

that due to its own propulsion. 


_ The great and hopeless inferiority of jet-propulsion 
es partly in the inevitable losses from friction, and in 
pumping efficiency, in the machinery producing the 
jets, and, next, in the almost necessarily small sectional 
area of the jets as compared with the propelling area of 
paddles or the screw. We can, of course, conceive of 
cases in which, with very large jets, their whole force 
of reaction is utilised in senile the ship. Let us 
for a moment suppose that, whatever the horse-power 





represented by the jets of the Waterwitch, one-half 
that horse-power had been exerted upon jets of four- 
fold greater area. In our calculation, last week, we 
took the actual velocity of the jets as 32 ft. per second. 
One-half the horse-power, then, would have forced out 
fourfold larger jets at half the speed, or, in other words, 
twice the weight of water per minute at a velocity 
due to one-fourth the “head.” The pressure within 
the jet-pipe would then have been one-fourth as 
great per square inch ; but the area of forward pressure 
being fourfold greater, the total pressure causing 
propulsion would have been the same. The ship 
actually went 15.19 ft. per second under this pressure. 
Yet, with the large jets now considered, they would 
issue at the rate of but 16 ft. per second, and thus the 
loss would apparently be little. Whether, by greatl 
enlarging the jets, so near an approach to their full 
theoretical efficiency could be attained is doubtful ; 
and if it could be attained, it would be only with 
machinery of great bulk and consequent weight, and 
by constantly carrying within the hydraulic machinery 
a very large quantity of water, adding so much to the 
displacement of the vessel. The trials of the Water- 
witch, and the analyses to which they been subjected 
by ourselves and our several correspondents, will do 
much to place the real nature of jet action in a clear 
light; and whatever may be the deficiencies of the 
water-jet system, there can be no doubt, we think, that 
mingled jets of steam and water are of immeasurably less 
promise. The latter, we are glad to learn, is not 
Mr. James Parker’s system, referred to in our last 
number. 








THE NICARAGUAN TRANSIT ROUTE. 


Tue great isthmus which unites in one vast con- 
tinent Northern and Southern America, and which 
extends about one thousand three hundred and fifty 
miles from end to end, is intersected by several necks 
of land which narrow the distance from ocean to ocean, 
and, at first sight, seem well adapted for transit ; never- 
theless, all the plans for crossing at these points, 
whether by railway or canal, have been abandoned, ex- 
cepting at Panama and Nicaragua. At the former a 
railway has been constructed, in spite of every difli- 
culty, of a total length of 47 miles 3020 ft., and at a 
cost of rather more than 1,500,000/., or nearly 32,0007. 
we mile; at the latter, a transit has been effected by 
ight-draught steamers on the river San Juan and Lake 
Nicaragua, but which, after having been the favourite 
route for years, is now brought to a comparative stand- 
still by the silting up of the river and port. Both 
these enterprises have enjoyed a very large share of 
public favour, at one time dividing the traffic, in. spite 
of the delays and hardships incidental to an exception- 
ally difficult river navigation. 
presenting themselves to the use of the Central Ameri- 
can Transit Company’s route, coupled with the yearl 
increasing trade across the Isthmus, and whic will 
now be entirely dependent on the Panama Railway— 
already overtaxed b its existing traflic—render it im- 

ortait that some additional means of transport should 

e opened between the Atlantic and Pacific Oceans. 
In order to furnish this pressing requirement of com- 
merce, a meeting was recently held at the London 
Tavern, with the view of promoting the formation of 
“the International Atlantic and Pacific Junction Rail- 
way and Land Company.” 


This company proposes to avail itself of a conces- 
sion granted by the Nicaraguan Government to Cap- 
tain Bedford Pim, R.N., whereby they will be enabled 
to avail themselves of the two best ports on the coast 
—viz., Pim’s Bay, or Monkey Point, on the Atlantic, 
and Realejo, on the Pacific. For the purpose of 
opening a through communication between the two 
oceans with the utmost despatch, it is proposed to 
construct, in the first instance, the portion of the rail- 
way from the Atlantic to the Lake of Nicaragua ; pas- 
sengers would then be carried in commodious steamers 
across the lake to Granada, and thence conveyed to 
Realejo, the Pacific terminus. Pending the construc- 
tion of the latter portion of the railway, it is not im- 
probable that an arrangement might be made with the 
Central American Transit Company, of New York, as 
suggested in the address of the chairman of that com- 
pany to the shareholders at their general meeting in 

ptember 1865, in which case a transit might be 
opened in about twelve months from the commence- 
ment of the works. 

Two surveys have already been made of the country 
between San Miguelito and Pim’s Bay, a distance of 
eighty miles, and which forms the first section of the 
company’s project ; the one was undertaken in March 
1863, under the personal direction of Captain Pim and 


will 


The obstacles now: 





Mr. John Collinson, the company’s engineer, and again 
at the beginning of 1865. On both occasions a road 
was cut through the dense primeval forests, which 
fully confirmed the entire practicability of the route. 
The country to be traversed by the proposed line is 
nearly level; the streams to be crossed are nearl 

very narrow, and will be spanned by timber bridges, 
with the exception of the Rama river, which will re- 
quire an iron girder bridge of 100 ft. span. On the 
approach towards the Lake of Nicaragua there occurs 
a range of hills, through a,gorge,in which. ‘the railway 
» taken, following the course of the ‘Tule river, 
until it branches upwards to Minato. _ The country 
between Granada and Port Realejo,-on the other side 
of ‘the lake, is almost level, with ‘scarcely a stream in- 
tersecting it. 

Pim’s Bay, the terminus of the. railway on the At- 
lantic, coast, has an inside area of 5000 acres, and for 
the ‘greater portion of this the soundings range from 
20 to 24 ft. at low water. The rise and fall of the tide 
is only 2ft., and the bottom consists of soft mud free 
from rocks. ‘This bay opens to the south, and, even at 
present, offers perfect immunity from the dangers of 
the “northers,” and with a breakwater 1100 yards in 
length, which it is proposed to construct from Monkey 
Point to the outlying islands of Palmetto and Little 
Cay, for the construction of which good stone abounds 
in the immediate vicinity, the harbour will be perfectly 
protected. The port of Realejo, which will ultimately 
form the Pacific terminus of the complete line, presents 
also equal facilities for shipping. 

For the greater part of its length the line traverses 
a dense virgin forest, where material of the very best 
quality, in the shape of sleepers and ballast, is every- 
where available. There is also abundance of labour to 
be obtained, and the population is altogether friendly 
to the undertaking. 

In cutting the track through the forest for the rail- 
way, it is proposed to have the trees felled across the 
road, trimmed off, and rolled together, so as to form a 
corduroy road. On this will be laid down, in the first 
place, a single line of light rails (48 lb. per yard), with 
a 5 ft. Gin, gauge; they will be dogged to every alter- 
nate tree, and their joints secured by fish-plates, thus 
forming, in the cheapest and easiest manner, a 
thoroughly firm road, at an estimated cost of 30507. 
per mile. 

The proposed line from Monkey Point to the mouth 
of the Rama river, thirteen miles in length, will be 
laid along the hard level beach, making a long sweep 
in its course round the coast-line ; thence, for a dis- 
tance of twelve miles, it will run along the northern 
bank of the Rama to the point selected for crossing 
that river; but as the Rama is navigable up to that 
point, this section need not be touched at first, but 
steamers can be used, both to carry up material and 
also passengers, when the next seetion to the Lake of 
Nicaragua is completed. ‘To avoid breaking bulk, 
rails might be fixed on the decks of the steamers, and 
the: cars transported up and; down the river. The 
zirder bridge, for spanning the river, could also easily 

e taken up by water, ‘and the line would then be con- 
tinued to a point a little south of Sun Miguelito, a 
further distance of fifty-five miles. 

The justice of the principle of constructing, in the 
first instance, a cheap line of railway, has been fully 
borne out by the success, in a commercial point of 
view, of similar lines in the’,United States, of which 
the following may he instanced : 

The Maine Central line, of 1094 miles in length, 
which cost 2306/, per mile, returns a net profit of 134 
per cent. 

The Macon and Western, 1024 miles in nee cost 
32377. per mile, and returns a net profit of 124 per 
cent.; and 

The Madison and Indianapolis, 132 miles long, 
which cost 2331/. per mile, and gives a net return 
equal to 8} per cent. 

As a proof of the extreme lucrativeness of transit 
routes across the Isthmus, the Panama Railway may 
be instanced, which though costing, owing to the ex- 
treme difficulties of its construction, at least three 
times as much as the total estimate for the proposed 
line, yet yielded, last year, a dividend of 24 per cent., 
and a bonus of 40 per cent. additional to the share- 
holders. 

At the meeting to which we have above referred, 
Mr. Thomas Hawksley, the engineer-in-chief to the 
new line, stated that the result of his inquiries had been 
extremely favourable indeed to the project, and he was 
satisfied that a railway might, under the control of a 

entleman like Mr. Collinson, be constructed. He 
had also looked into the question of income and ex- 
penditure, and he saw no reason to doubt that the 
anticipated results would be realised. 
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THE ATLANTIC TELEGRAPH. 

Iw all instruments hitherto employed for transmitting 
messages through long submarine cables, the ordinary 
Morse printing-instrument has been employed, actuated 
by delicate relays, and worked by reversals or a 
succession of positive and negative currents. The 
only difference between working overland and sub- 
marine circuits is that generally on the Continent, 
where the Morse instrument is almost universal, single 
currents of positive electricity are used for over- 
ground wires, while a reverse negative current is 
employed in submarine wires to neutralise the positive 
change left in the cable by the previous current, and 
thus leave the wire free for a second signal. It was 
contemplated originally to work the Atlantic Cable upon 
this principle, though modified as detailed in our 
wrevious article ; but all our previous experience has 
oe laid aside, and a totally new system has been 
introduced. ‘The Atlantic cable is not used as an 
ordinary conductor at all—there is practically no 
circuit through it; it is simply a portion of an 
enormous Leyden jar kept permanently charged by a 
constant electro-motive force at one end to a certain 
tension, which is varied at intervals by the partial 
withdrawal of this charge, producing minute differences 
of tensions, which are rendered evident and readable 
by the reaction of a condenser on Thomson’s reflecting 
galvanometer. It is, in fact, an extension of Mr. 
Willoughby Smith’s beautiful system of continuous 
testing, which, by-the-by, is another wonder called into 
existence by this wonder-working wire, and which 
being destined to supplant all other systems of cable 
testing during the process of submerging, and being 
the actual precursor of the present mode of working, 
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deserves a short description. 
Its general principle is shown in the annexed diagram 
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(Fig. 1). On board the Great Eastern there was a battery 
B, whose tension could be increased or diminished by 
the movements of an ordinary key, K. One pole was in 
connexion with the sea, the other with one side of 
a Thomson’s marine galvanometer, G, the other side 
of which was permanently connected to the cable. So 
that if the cable were disconnected at the shore it would 
remain constantly charged to the tension of the 
battery, B, and the only deflection observable upon the 
galvanometer, G, after the first charge would be that 
due to the conductivity of the insulating medium, 
which, we have already seen, is very minute indeed. 
Any leakage or fault in the cable would, however, at 
once show itself by the sudden disappearance of the 
spot of light from the field of view. this so far is the 
ordinary mode of testing for insulation, and affords no 
means of communication between the shore and the 
ship or observation from the shore. But a second and 
similar galvanometer, G', is placed at the shore-end 
station, one side of which is placed to earth, while the 
other side is connected through an enormous resist- 
ance (100,000,000 ohms) to the cable, thus allowing a 
slight but perceptible current to flow through both 
galvanometers, giving a definite deflection, which would 
indicate by its variation to both ship and shore the 
occurrence of any fault—to the ship by increasing, 
and to the shore by diminishing or destroying, this 
deflection. If the shore require to speak to the ship, 
contact is made at K, without disturbing the other 
connexions, through a less but definite resistance, so 
that any fault would still be shown on board. If the 
ship w ish to communicate with the shore, it has but to 
increase or diminish the tensio. of its battery by means 
of the key, K, producing similar readable deflection on 
Gi. The cable remains constantly charged to full 
tension, because the battery can supply it with 
electricity infinitely more raj idly than the false leakage 
can discharge it, and any disturbance of the charge 
from any cause—loss of insulation or want of continuity 
—is at once rendered evident to both places by the dis- 
turbance of the galvanometers, and the nature of the 
disturbance immediately shows each observer whether 
he is required to communicate or to test. It worked 


most perfectly during the laying of the 1866 cable, 


conception of Mr. Willoughby Smith, in whose hands 
and under whose charge it has been brought to such 
perfection. Efforts have been made to associate 
Prof. Thomson and Mr. Varley’s names with its in- 
troduction, but the former gentleman has emphatically 
and honourably given the entire palm of its conception 
to its worthy inventor, Willoughby Smith. 
Communication was freely maintained between the 
ship and the shore during the entire operation of sub- 
mersion ; but the speed of signalling was not very great, 
the announcement of the conclusion of peace between 
Austria and Prussia, which was mat on board the 
Great Eastern when she was over 1000 miles from the 
Irish coast, being sent at the rate of 14 words per 
minute. Nor is this to be wondered at when the 
enormous resistance at the shore end is considered, 
to produce the normal deflection required. The 
laws of the transmission of currents through in- 
ductive currents show that the addition of resistance 
to either end of a cable must reduce the number of 
signals or words transmitted per minute in a certain 
definite ratio. But, according to Sir William Thom- 
son, Mr. Varley added “a peculiarly ingenious appli- 
“cation of the condenser, which allowed telegraphic 
“ word-signalling to be carried on through the cable 
“ during its laying with a degree of ease and rapidity 
“ which far exceeded our expectations, and not only 
proved very useful for the work, but very pleasing 
“to those engaged in it.” 
A condenser is a novel and compact form of Leyden 
jar, exposing a large surface to inductive action, and is 
usually constructed of a succession of alternate layers 
of tinfoil, and thin plates of mica, gutta-percha, or, 
best of all, parafline, arranged like the leaves of an 
interleaved book, the metal plates being the printed 
leaves, the parafline being the blank paper, one series 
of metal plates — the outside coating — being con- 
nected with the earth, and the other—the inside coat- 
ing—with the object to be tested. By varying 
the size and number of the plates, and by knowing 
the inductive resistance of the dielectric employed, 
condensers can be made of any dimensions. Mr. 
Varley, at his private residence in Beckenham, con- 
structed, for experimental purposes, a series of con- 
densers representing, in inductive capacity, the whole 
length of the Atlantic cable. They have hitherto, 
however, been principally used for testing the induc- 
tive capacities of different wires, and most electricians 
are now provided with a standard condenser represent- 
ing either the capacity of one knot of the particular 
cable under their charge or some arbitrary magnitude. 
The committee of the British Association upon Electrical 
Standards have promised a unit condenser based upon 
the absolute system of measurement, and it is hoped 
that they will soon fulfil their promise ; for condensers 
have now become an integral part of every electrician’s 
working apparatus, and they all, if possible, should 
work from the same unit of measurement. A condenser 
was used as a portion of Mr. Willoughby Smith’s 
testing apparatus, to examine periodically the con- 
tinuity of the cable. We have not shown it, as we 
have contented ourselves with describing the general 
principle of the system, the details of which may be 
seen in Mr. Smith’s clear and able specification. 
The successful and beautiful system of working by 
means of these condensers is shown in the following 
diagram (Fig. 3), and if there be anything more striking 
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it is its extreme simplicity. 
tion only is shown. 
repetition. 
to send. 


(K), 


the testing arrangement. 


discharge it. 


plates—the inner coating—of a condenser (C). 


or more wonderful in its application than its success, 
The working in one direc- 
The reverse process is simply a 

One cable is, used to receive, and the other 
The sending apparatus consists of a battery 
(B), of small tension, which is permanently connected 
with the cable by means of an ordinary sending key 
The cable is therefore constantly charged, as in 
The key is used to place the 
cable temporarily to earth, so as to partially or wholly 
The receiving apparatus consists of a 
reflecting galvanometer (G), one side of which is 
attached to the cable and the other to one series of 


R is 


constant leakage between the cable and the earth. 
Under these conditions, illustrated in the diagram, 
which shows the cable prepared for the receipt of a 
message, the cable is charged to a tension equal to 
that of the battery, and the condenser to a tension 
equal to that of the tension of the point O. Owing, 
however, to the practically almost infinite resistance of 
R, these two tensions are almost equal. Supposing 
the cable to be discharged and the condenser free, the 
galvanometer, G, remains at zero, and the whole 
apparatus is in a quiescent state; but if contact be 
made with the battery at K, a rush of electricity enters 
the cable, and a quantity equal to the capacity of the 
condenser passes through the galvanometer, deflecting 
its beam of light until it is fully charged to the tension 
of the point, O, when the beam of light returns to zero, 
It is therefore evident that any variation in the tension 
of the point, O, will at once cause the charge of the 
condenser, C, to be disturbed, and to give indications 
upon the galvanometer by the portions of electricity 
that pass in or out acting upon the delicate magnet 
This is done by depressing the key, K, for short or 
long intervals, in the usual manner demanded by the 
Morse alphabet, which puts the cable to earth and with- 
draws a portion of the charge, and lowers, by so doing, 
for a corresponding interval the tension of the point O. 
The lowering the tension of the point O below that of 
the condenser at once allows a current to pass 
through G, and therefore gives an indication corre- 
sponding with the depression of the key, K. The 
movements are not isochronous. The depression of 
the point of tension must travel as a wave; but they 
are very nearly equal in duration, and prove that, con- 
trary to expectation, the dreaded effects of prolonga- 
tion are not irremediable. These deflections can be made 
to follow each other with wonderful rapidity, and the 
result is that communication is maintained with greater 
speed through the Atlantic cable than through any 
equal length of land line on the continent of Europe. 
Attempts have been made to draw a comparison 
between the action of electricity through submarine 
wires and the flow of fluids through pipes, and, though 
a certain analogy can be traced between induction and 
friction, the general behaviour of the two forces is 
very different. Under this conception the action of 
the condenser has been assumed to be similar to that 
of the air-chamber of a force-pump, and a closer 
analogy can scarcely be discovered; but it is almost 
impossible to follow the actions of the imponderable 
upon the same principles as those which govern the 
ponderable agents, without falling into error or mis- 
conception. It may be a striking illustration for a 
popular lecture or a general article, where analogy is 
often more effective than a deep theoretical discussion ; 
but for scientific readers or thoughtful students, it is best 
to adhere to theory and its mathematical expression. 
It is difficult, with our present knowledge, to express 
this action of the condenser algebraically ; but it can 
be graphically, though roughly, shown by the accom- 
panying geometrical illustration, Fig. 4. 








FIG.4 
If A @ represents the resistance of the conductor of 
the cables; @ R, that of the inserted resistance, R, Fig. 3; 
A B', the tension of the battery, B; a O, the tension of 
the point, O; @ d, the capacity of the condenser : then 
the shaded area, A BO a, will represent the charge of 


the cable, and Oa4d' that of the condenser. If now, 
for a certain interval of time (¢), the cable be put to 
earth, the tension of the point O will fall from O to ¢, 
and a quantity of electricity represented by the darkly 
shaded area, 0 ¢¢' 6’, will pass through the galvano- 
meter to maintain the equilibrium. It will thus 
readily be seen that, by a proper adjustment of the 
capacity of the conductor and the resistance of the gal- 
vanometer (which is not represented in the diagram be- 
cause it is infinitely small in comparison with the other 
resistances introduced), the minutest interval of time to 
produce a sufficient difference of tension to become 
evident on the galvanometer can be easily ascertained. 

One great advantage of this mode of working, and 
one indeed nearly equal to its great rapidity, is that it 
has quite obviated the ill effects of earth-currents, 
which at first promised to be very troublesome, and in 
one instance Interrupted all communication through 
the 1866 cable for eight hours. It is evident that, there 
being no open circuit and the working being indepen- 
dent of the tension of the earth, earth-currents cannot 
enter, and are therefore innocuous. 








and it has this especial merit that it was solely the 





a coil or conductor of very great resistance, forming a 
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ENGINEERING IN AUSTRIA. 


Tne Austrians have been called the Chinese of 
Europe, and it is necessary to come within the 
walls which surround this empire to understand the 
meaning of this expression. The frontier wall of 
Austria is formed by a protective tariff, a paper 
currency without, or nearly without, any control ; 
a population given to idleness and gambling; a con- 
sequent scarcity of capital for the purposes of agri- 
culture, arts, and manufactures; imperfect means of 
communication by land and by water; and all this 
in a vast country possessing natural advantages of 
every description, and evidently destined, by its po- 
sition and nature, to become, at some future period 
of time, one of the most prosperous, wealthy, and 
powerful nations in Europe. At present, however, 
Austria must be characterised as a country of bound- 
less natural wealth and of boundless personal 
poverty. | ; re , 

The engineering profession in a country half 
civilised, half barbarous, like Austria, has a position 
yeculiar to itself. The engineering works and pro- 
s caliet of this country, and the details of practice, 
yresent an aspect totally different from that afforded 
br the profession in other countries. The idea of a 
civil engineer, in the sense in which it exists in 
Great George-street, is utterly unknown in Austria. 
A professional man, to be of any standing in this 
nation of servants, must be in the employment and 
pay of the Government, or of some private company 
with a concession from the Government. He must 
have a title of considerable length, and a fixed salary of 
from 1002. to 10007. a year. Independent professional 
civil engineers, as a rule, are held in great contempt, 
and are considered as outsiders who cannot find a 
titled position by personal merit or by the influence 
of friends and relations. The whole profession is 
thereby kept in a state of servile dependence upon the 
Government and upon the few great moneyed aristo- 
tocrats who trade in railway concessions, charters, 
banking establishments, and monopolies of other kinds. 
It is graduated into classes of officers, and forms in 
itself one of the most bureaucratic bodies in the whole 
world. It is one of the most jealous and conserva- 
tive corporations, slow in progress, opposed to all 
foreign competition, greedy for monopoly, unwilling 
toadmit the stranger, yet immediately ready to serve 
him if he succeeds in getting a contract or concession 
from the Government. 

The few main lines of railway in Austria, with the 
exception only of the Northern Railway connecting 
Vienna with Brinn, Olmiitz, and Cracow, have been 
constructed either by Government or under a Govern- 
ment guarantee. The Government lines at a later 
eriod have been so!d to companies mostly formed in 
fan and their dividends see been guaranteed as 
well. The result is not very satisfactory. To the 
titled and salaried railway engineer, economy of con- 
struction is a matter of indifference. He desires monu- 
ments, he prefers tunnelling and bridge-building to a 
plain method of passing round natural obstacles, he 
will bronze the iron work of his bridge and ornament 
the piers with sculptures ; but he will not lay down a 
steel rail instead of iron, on account of its greater ex- 
pense. The reason is obvious. The construction of 
the line and the maintenance of the permanent way 
belong to two different “bureaux.” The engineer 
who lays down the first rail does not care for the 
notions of the engineer who will afterwards have to 
keep the road in repair, and he will choose the cheapest 
in order to have all the more money to spend on that 
kind of work for which he has a special predi- 
lection. 

The bureau for the maintenance devotes the same 
amount of attention to the economy of manufacture 
required in the “ bureau” for construction of .locomo- 
tives and carriages, and that office again only cares to 
see the engine safely passed over the prescribed num- 
ber of miles run; alter that the sooner it breaks down 
the better, for the shop will make the repairs, and that 
bureau will show a better balance-sheet. ‘The sum- 
total of all these profitable balance-sheets is a net re- 
turn some 2 or 3 per cent. below the minimum 
guaranteed by the Government, and at the close of 
each half-year the shareholders are told that the divi- 
dend will be paid according to custom, the treasury 
having duly made up the shortcomings. Railway 
building in Austria has thus come into disrepute, 
and new concessions are hawked about in all the 
money-markets in Europe without finding the required 
capital. ‘The gasworks of the larger towns in Austria 
are generally in the hands of English companies, and 


are somewhat differently managed. They pay well, as 





a rule, and work satisfactorily. Canals and water- 
works are for the future in most parts of Austria, and 
particularly in Vienna. The municipality of Vienna have 
employed an enormous staff of engineers for studying 
these important questions, and the most complete re- 
searches have been made, and reports of great interest 
aud merit printed, published, and discussed through a 
period of above five years; but not a stone has been 
laid, nor a spade moved towards carrying any of the 
schemes into practice. The waterworks commission, 
however, seems at last to have come .to a definite 
conclusion, viz., to borrow money ; and as there is no 
doubt that they will get the funds for the Vienna 
Waterworks, which are expected to cost about two 
million pounds sterling, a work of great importance 
will shortly be in the market for the competition of 
contractors. The details of the great scheme for the 
Vienna Waterworks will be given at a future time; 
at present it is sufficient to say that it is proposed to 
collect the spring water from several sources at a con- 
siderable distance from Vienna, and to convey the 
water thence by an aqueduct, the natural fall bemg 
sufficient to supply the highest parts of the city with- 
out the aid of pumping machinery. Another work of 
the future is being planned by the Government civil 
and military engineers, viz., the regulation of the 
Danube, the formation of a river harbour near Vienna, 
utilisation of extensive pieces of waste land, which 
at present lie within the limits of periodical inunda- 
tions, and the erection of two enormous railway 
bridges over the Danube. These are important and 
very promising enterprises, and worthy of the attention 
of Bnolish engineers and capitalists. ‘ 

The mineral wealth of Austria is almost unparallelled 
by that of any country in the world. In Styria and Carin- 
thia mountains of pure spathic iron ore afford an almost 
unlimited supply for iron manufacture ; similar facilities 
exist in Northern Hungary, in Transylvania, and in 
the Banat. Yet the iron manufacture of Austria 
only promises future greatness, while its present 
state 1s utter helpnessness and poverty. ‘The main 
want is railway communication, and this is to be snp- 
plied by several proposed new railways. A consider- 
able portion of all mining property is in the hands 
of the Government, and, like every Government 
property in the market, for sale at proportionately 
low figures. It would be of great advantage, 
both to the country and to the Government, if 
these iron mines and works could be placed in 
private hands; and with the future extension of railway 
communication in Styria, the purchasers of the Styrian 
mining property cannot fail to become the most 
powerful and influential ironmasters on the Continent. 
At present the Styrian spathic ore is smelted exclu- 
sively with charcoal; in future, through railway com- 
munication with the Danube and with the coal districts 
of Bohemia, raw and calcined Styrian ore will be 
carried to the Bohemian blast furnaces, with a return 
freight of Bohemian coke to Styria. Charcoal iron 
will be produced according to the demand, and find its 
way northward, down the rivers Moldau and Elbe, to 
Hamburg, and will be accessible to the English steel- 
manufacturers ; while at present the transport towards 
the south, vid Trieste, is so difficult and expen- 
sive, that anything like a regular supply to England 
is entirely out of the question. The mechanical en- 
gineering branch stands better perhaps than the others ; 
there are some factories of great repute for good work- 
manship and clever designs. The firms of M. Sigl, in 
Vienna, and of Ruston and Co., Prague, and others, 
are well known in England and elsewhere, and their 
productions are exported to a considerable extent. 
Locomotives and machine tools have been exported to 
Russia, and considerable orders are now in hand. This, 
however, is not a normal state of affairs, as it is prin- 
cipally due to the low price at which these machines 
are paid for in sterling coin as compared with the de- 
preciated Austrian paper currency. It is the labourer 
who receives about 13s. in the pound for his labour, 
and by this bankrupt transaction makes up the profit 
of the exporting manufacturer. At a time when the 
paper money rises in value this kind of export becomes 
impossible, many factories come to a standstill, or the 
firms break down and only works like the locomotive 
shops belonging to the State Railway, and managed by 
Mr. Haswell, in Vienna, can continue to work as usual 
with a balance on the wrong side of their books, which 
is carried to the general accounts of the railway com- 
pany, without much objection. Engineering in Austria 
is more a matter of the future than of the present. It 
is promising to the enterprise of English engineers and 
capitalists, and the opportunities offered by the present 
transition state in this country deserve the utmost 
attention. 








ROBERT'S DIFFUSION PROCESS. 


Ay important invention has been recently introduced 
into the manufacture of sugar by M. Robert, of 
Selowitz, in Austria, the proprietor of one of the 
greatest beetroot sugar manufactories in Europe. 
The new process has been patented in all countries, 
and successfully worked for some time in Germany, 
Russia, and France. It consists in a peculiar mode of 
extracting the sugar from the vegetable matter contain- 
ing it, i.e., the beetroot or cane, without the appli- 
cation of mechanical power, as hitherto generally prac- 
tised. The scientific principle upon which the process 
is based is the well-known endosmosis and exosmosis 
of organic bodies, or the capability of vegetable and 
animal membranes to exchange the liquid substances 
contained within their cells with other liquid matter 
outside. Ifa beetroot is cut into thin slices and 
covered with water for some time, an exchange of the 
liquid contents of the beetroot and the surrounding 
water will take place. The water outside will contain 
some sugar, and the juice of the plant will become 
proportionately poorer in saccharine matter. After a 
sufficient length of time the result will be an exact 
division, viz., the water will contain the same per- 
centage of dissolved sugar as the beetroot itself. Sup- 
pose, for illustrating this with figures, that the beet- 
root juice contains 5 per cent. of sugar in solution, 
and is treated with an equal quantity of distilled water, 
the result, after some time, will be that the water will 
contain 24 per cent. of sugar in solution, and the 
beetroot juice will be reduced to the same percentage, 
24. If, now, this water is brought into contact with 
a fresh equal quantity of beetroot, the exchange will 
take place so as to give to the water 3} per cent. of 
sugar, and reduce the 5 per cent. of the juice to the 
equal degree of 33, being the arithmetic mean between 
5 per cent. and 24 per cent. If, on the other hand, 
fresh pure water is brought in contact with the ex- 
tracted beetroot of 24 per cent., a further quantity of 
sugar, amounting to 1} per cent., will be gained. By 
repeating the extraction, the total available percentage 
of sugar will be $ per cent., and so on unit the beet- 
root is so poor that it will not pay to extract one- 
half of the remaining sugar left in its cells. The practi- 
cal mode of applying this principle to the extraction of 
sugar from beetroot or cane is very simple and efficient. 
A series of large vessels connected with each other 
by pipes, which allow of being opened or closed at 
will by suitable cocks, forms what is called a battery 
of diffusion vessels. The beetroot, or cane, is cut 
into thin slices with clean sharp cutters driven by 
machinery, great care being taken to avoid every 
squeezing or crushing action, which would destroy 
the cellular structure of the organic membranes and 
thereby permit the albumen and other impurities 
to enter to the solution. The preservation of the 
vegetable fibre keeps all those substances within it, 
and; only allows the passage of the sugar in solution. 
Each vessel, in succession, is filled with these slices, 
and a proportionate quantity of water brought into 
it through one of the feed pipes. 

The water is kept at a constant temperature, and 
allowed to rest upon the sugar plant for several hours, 
after which the liquid contents of the first vessel are 
allowed to pass into the second, where a more con- 
centrated solution is formed. This stronger solution 
afterwards passes into the third, and so on to the sixth, 
or eighth vessel, according to the extent of the battery, 
from which it is at last drawn off in a state of concen- 
tration very nearly approaching the natural juice of 
the plant itself. At the same time the first vessel is 
refilled with pure water, and so by degrees gets 
poorer and poorer in sugar, until at last it must be 
refilled with fresh slices of cane or beetroot. When 
the process is fairly in operation, it is continuous, each 
vessel in rotation obtaining the fresh supply and pro- 
ducing the most concentrated solution. The neigh- 
bouring vessel is the one filled with pure water, and 
containing the poorest root ; and, from this to the first, 
the circle is closed by all intervening degrees or stages 
of extraction. 

The practical advantages of this ingenious process are 
very considerable. In the first instance, the necessity 
for heavy and expensive machinery required for squeez- 
ing the juice out of the plant by mechanical means is en- 
tirely dispensed with. A consideration of the dimen- 
sions, weights, and prices of modern sugar-mills, as 
manufactured in En od and annually shipped to the 
colonies in considerable numbers, will prominently show 
the value of this point. The plants maintain their 
soft and fresh appearance after the process, and the ex- 
tracted beetroot is therefore perfectly adapted for feed- 
ing cattle, which is not the case with compressed roots. 
Sugar-cane is not used for any similar purpose, and in 
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this instance there is a slight drawback through the 
impossibility of using the extracted cane as fuel with- 
out its being previously dried. One of the most im- 
portant advantages, however, is the greater yield of 
sugar from the same plants and its improved quality. 
This chemical and scientific mode of extraction allows 
of a better utilisation of the sugar in the plant than 
the comparatively rude mechanical process. The sugar 
is extracted from the plant without being mixed with 
all the other vegetable substances contained in the 
cells, and squeezed out into the juice by all mechani- 
call modes of extraction. The solution obtained by 
diffusion is particularly free from all nitrogeneous com- 
pounds which induce fermentation, and from all 
colouring and insoluable matters which give to the 
raw sugar its unpleasant peculiarities, and must be re- 
moved by refining. With the diffusion process, the 
first product obtained is of a very superior quality, 
approaching refined sugar in its appearance. In the 
manufacture of beetroot sugar, M. Robert’s process has 
now been in successful operation on a very large scale 
in several places for upwards of three years ; its appli- 
cation to sugar-cane has been recently tried by Mr. F. 
T. W. Minchin, of the Aska Company, in Madras, who 
is at present in Europe. In consequence of the ex- 
cellent results obtained by Mr. Minchin, the Aska 
Company have commenced to work the process on a 
large scale, and have become the proprietors of the 
patents for England and the colonies. It is expected 
that the whole process as applied to beetroot and to 
sugar-cane will be practically illustrated at the Paris 
Exhibition, together with the quantitative results of 
working both in Europe and in India. 

The process is obviously one of the utmost impor- 
tance, and is likely to revolutionise the whole present 
system of sugar manufacture. The quantities of water 
required for extraction are scarcely greater than those 
required to produce the steam for the sugar-mill, and 
the saving in labour, both manual and mechanical, is 
very important. At Messrs. Robert and Co’s works 
in Selowitz, 200 tons of beetroot are extracted every 
twenty-four hours, with the aid of only fifteen men, and 
the same number would suffice for double or treble 
the above production. 


STEAMERS FOR THE GODAVERY 
RIVER. 


We have, in previous articles, given an account of 
what has already been done towards rendering the 
Goda very River navigable throughout its course, by 
works undertaken at the three rocky barriers that at 
present offer impassable obstructions during the greater 
portion of the year. However successful these opera- 
tions may ultimately prove, the use of light-draught 
vessels will always be necessary for the navigation of 
certain parts, except during the monsoon months of 
the year. For this purpose Messrs. Randolph, Elder 
and Co., of Glasgow, have received orders for the con- 








struction of three steamers and six barges, which have 
been designed especially to suit the peculiarities of the 
Godavery navigation ; and the accompanying illustra- 
tions show the plan of the steamers, in addition to 
which the following particulars will serve fully to ex- 
plain the principles of their construction. 

In order to suit the peculiarities of the Godavery 
river, it was necessary that these vessels should not 
exceed 130 ft. in length, 25 ft. in breadth, and that 
their working draught should not exceed 12in. They 
have accordingly been designed of the above-mentioned 
dimensions. The depth of water-tight sides is 3 ft. 6 in., 
and the depth over girders about 10 ft. The inclina- 
tion of the bow and stern below water is 1 in 6, and 
the displacement below the 12 in. water-line, 76 tons. 


All the framework of the vessels is of steel bars, 
connected together by steel plates, as shown in the 
accompanying illustration. The roof is composed of 
corrugated galvanised tinned iron, varying from jy in. 
to ys in. in thickness ; the plating below the water-line 
is of brass, 4 in. thick, and the upper part of galvanised 
tinned steel of the same thickness. Each vessel is 








furnished with two rudders, 8 ft. long and 2 ft. deep, 
framed and plated with steel. ’ 

The engines, to be non-condensing, will consist of 
two cylinders 14 in. in diameter and 5 ft. stroke, with a 
steam jacket around each, and are fitted with expansion 
valves. When at regular work the steam to be cut off 
at about one-fifth of the stroke. The paddle-wheels 
are situated at the stern of the vessels, as shown ; they 
are 10 ft. in diameter, and fitted with feathering 
paddles. As far as possible, the use of steel will 
introduced into the machinery, so as to ensure as muc 
lightness as possible. The boiler is to be of $m. 
steel plates, double rivetted; it will have about 20 
square ft. area of firegrate and 800 square feet of 
heating surface, with a deep firebox for burning wood. 
The furnace is to be fitted with a blower, so as to In- 
crease the draught when additional steam pressure may 
be required. The maximum speed expected to, be 
obtained from these vessels when alone is 11.25 miles 
per hour. . f 

We hope to be able to give further particulars 0 
these vessels, with an account of their performance, 
some future time. 
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. THIS new system of removing excretz from cities, and apply- 
ing them to agriculture, is now about to be introduced at the 
Hague, the residence of the King of the Netherlands, and a town 
of about 80,000 inhabitants. 
Its chief characteristics are as follows: : 
1. Privies are cleaned solely by a sort of pneumatic scouring 
Process, and without the use of water, so that the arrangement 
es Kot require waterworks, and can thus be applied to towns 
the only water supply of which is from wells or springs. : 
2. No cesspools of masonry are used, so that neither the air 
can be poisoned through the gases which are always evolved 
m them, nor the soil and well-water through overflow ard filtra- 
tion of the fluids, 
me The privy basins are perfectly open below, and have no 
ves or similar machinery, so that the disgusting sight is pre- 
Vented of a mass of excrements and soiled paper, which so often 
sccurs in water-closets when the water fails or the valve gear is 
a 
he cleaning occurs daily, without any person entering 
i cellings and annoying the andten. 7 
» +2 transportation and utilisation of the excrete being 
» the usual fermentation is prevented, which in mixed fzeces 
urine —— sets in on the third or fourth day, and - 
Generates volatile gases. Transport becomes thus practicable 
without offence or danger. " 
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6. The excretse are kept in their original condition and pro- 
portions, and are not diluted by water, earth, lime, ashes, or 
other substances which diminish their value and increase the cost 
of transport. 

7. The utilisation, as manure, upon arable land is done by 
direct subsoil application, by means of ploughs, which, after 
depositing it in the furrows, immediately cover the same up 
again with loose earth; and, in the case uf grass land, by means 
of an apparatus which places it under the sods without injuring 
them. Mis arrangement prevents the escape of gases which are 
dangerous to animal, but useful and necessary to vegetable life. 

8. The manure is so applied that it does not come into direct 
contact with the seed or the roots of the plants, but is given to the 
soil, which, through the oxygen and other constituents it can- 
tains, converts the excrets into forms which the plants can take 
up by their natural capacity of election. ' 

A critical examination of the above eight leading features of the 
plan will show that they are the essentials of what all engi 
who have made the sewe of towns their study, and of what 
all farmers acquainted with agricultural chemistry, have pro- 
nounced to be most needed. Combined, they form the realisation 
of one single design, namely, that of rendering human excre- 
ments useful instead of dangerous. An effective plan of cit; 
sewerage must include also an effective utilisation of the materi: 
thereby collected ; for nothing is accomplished by their removal 
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out of towns, when, by being cast into rivers or harbours, or — 
fields, they again contaminate the air with noxious gases, thus 
making it a sort of circulating medium for pestilence and death. 

Now it is well known (and dearly we had to pay for the know- 
ledge) that the mode of removing sewage from towns by “ water 
carriage” through subterranean drains is by no means effective 
in the above sense of the word, for the reason that the gases 
evolved by the natural process of distillation going on in these 
retorts do not flow down their gradients, but ascend them; that 
theinclined planes convert the sewers really into chimneys of which 
the housepipes and privies form the outlets, conducting the 
aériform portion of the excretse, which alone is offensive, directly 
back into the dwellings, instead of away from them, as was ex- 
pected. Hence the presence of typhus malignant fevers and 
cholera, &c., generally in the high parts of well-sewered towns, 
and hence the reason why this system is found to be a failure in 
that respect. Besides, it is well known that no masonry can 
long resist the action of the acids and salts contained inexcre- 
ments, but that it becomes porous, and allows the liquids to pass 
through it. The poisoning of the soil resulting therefrom was 
one of the chief causes which led to the condemnation of cess- 
pools. But the masonry of sewers is equally liable to this action 
and thus the evil, which by cesspools was confined to isolated 
spots, has by the sewer system, which has its arteries extended 
in every direction, become distributed throughout the length and 
breadth of the town site. 

When the high cost of such works is considered, the “ sewer- 
age by water system” becomes still more objectionable. The 
necessity of conforming to certain gradients, easy curves, and 
straight lines to ensure an even flow of sewage, without danger 
of -~ or sediments, compels in most cases cuttings to 
great depths, and often tunnelling, above all in towns standing 
upon undulating sites; and the difficulties resulting therefrom, 
through interference with pre-existing structures, through long 
interruption of street traffic, through the necessity for heavy 
masonry with strong foundations, &c., form items in the bill of 
costs which cause it to foot up to enormous sums, hardly sanc- 
tioned by the more than doubtful beneficial results obtained. 

Nor can the mode of utilisation, which ‘‘ sewerage by water” 
makes compulsory, be considered a success, except under cir- 
cumstances rarely met with. Large and nearly level fields are 

uired of a particular composition of soil; the comparative 
height of the outfall must be such that the sewage liquid can be 
discharged through open carriers by gravitation alone, as expe- 
rience has proved that the liquid has not value enough to sanc- 
tion the expense of lifting and distributing machinery; and the 
only crop which can be grown npon it is Italian rye- a 
plant which under this treatment proves more abundant than 
excellent, so far as its nutritive qualities are considered. ‘Thus, 
alone in exceptional cases, such as are found at Croydon, Edin- 
burgh, &c., can this mode of utilisation be found remunerative. 

By far the most towns have no grounds so situated, or offer 
these advantages, and most soils in this climate require rather 


ey my oe 
In fact, the dilution of valuable agricultural ingredients of 
human excrete with such copious masses of water is not in- 
aptly com by Professor Way to “converting atoms of gold 
into large lumps of gold quartz,” and it seems all efforts of 
extracting the gold again either by mechanical or chemical means 
have failed. 
Professor hyd 


Poin B says in his committee report of 1862, 45, 
wi 9 


ere is no doubt that if you could obtain the urine 
“* and the faces er without the water (used by ‘ water car- 
m*. riage’) = = id have a most ——- manure.” And Mr. 

iwes, under whose management the experiments at Rugby were 
— made, says in the Agri ¢ Journ ag woe 
part 1: “No one doubts, if the sanitary requirements of the 
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* nation could be obtained by any system which would preserve 
“the excrements of the population free from admixture with 
“ water, and present them for use at once, undiminished in value 
“ by decomposition and in a portable and innoxious condition, 
“ the land of the country devoted to the growth of human food 
“ might be greatly increased in its productiveness. The question 
“ of the sanitary arrangements of our houses was taken up by 
“ our engineers before agricultural chemistry was much studied 
S. « . «3 but it must be admitted that no feasible scheme 
“has yet been proposed, by which this can be accomplished 
“ without the use of water. Such is certainly a great desidera- 
‘tum, but perhaps a consummation more wished for than ex- 
* pected.” 

either of these undoubted authorities upon the subject 
before us seems to have dreamed that what their profound know- 
ledge told them was the real thing wanted, and what they con- 
sidered so great a desideratum, should after all be within such 
easy reach; for, unless we have mistaken, the new plan now 
proposed actually provides for agriculture the very advantages 
these gentlemen so emphatically call for, namely : 

1. B lrine and faeces united ; 

2. Without admizture of water ; 

3. Undiminished in value by decomposition ; 

4. In a portable and innocuous condition. 

But we will shortly describe the arrangement as being carried 
out at the Hague. The accompanying illustrations are copied 
from drawings kindly furnished us by the inventor, Captain Lier- 
nur, Member of the Royal Institute of Engineers of the Nether- 
lands, who, conjointly with Mr. Pietersen, the city engineer, is 
charged with the execution of the works. 

Fig. 1 shows part of a town. At the crossings of the prin- 
cipal streets, reservoirs are placed under the pavement; these 
are from 3 ft. to 4 ft. diameter, according to the number of sur- 
rounding houses, made of boiler-plate, and of the form shown in 
section and plan, at Figs.2 and 3. In this reservoir empty the 
surrounding privies by means of 5 in. cast-iron pipes, mains and 
branches being the same size. The pipes are provided with 
valves (shown in Figs. 4 and 5), which can be worked from the 
side walks so that the communication between the reservoir and 
the privies can be established at will. The whole system of 
pipes, &c., is made air-tight. Every night, a locomobile air- 
pump, driven by steam, is placed over the reservoir, connected 
therewith by means of a flexible hose, and the air pumped from 
it and allthe pipes up to the foot-path valves, which are then, 
of course, kept shut. When the pressure within has been 
reduced to about #ths atmosphere, the apparatus is ready for the 
cleansing and emptying performance, which consists simply in 
opening these valves one after the other, and shutting them 
immediately again, during which time the steam-engine, how- 
ever, continues its exhausting process, so as to maintain the 
vacuum at its proper gauge. 

The result is that the contents of the privies, including the 
gases, will be discharged violently into the reservoir by the force 
of atmospheric pressure, equal in its mechanical effect to that of 
a water-column of about 24 ft. high. The urinal discharges, 
being about 9 parts to 1 of solids, afford moisture abundant to 
prevent the drying and caking of the excrements, and to keep 
tkem in a sufficiently liquid state for easy removal, so that the 
privies will be left every night totally clean and supplied with 
fresh air. The paper used is here a useful and important in- 
gredient for sweeping and cleaning, as it gives the mass a 
tenacity and compactness it otherwise would not have. Cloths, 
old rags, and all such material, often thrown into privies also 
assist the pneumatic scouring, instead of causing stoppages, and 
trials have shown old shoes and brickbats to yield to the forcible 
operation with equal facility, and to find their way speedily and 
regularly into the reservoir. 

The privies are of a very simple construction. A sort of 
funnel-shaped basin, made of strongly glazed white stone-ware 
(see Figs. 6 and 7), leads into a vertical housepipe, and has, in 
case of several privies standing above each other, drooping lips 
conducting the faces to the middle of the standing pipe, so that 
the interior face of the latter cannot be touched by the excre- 
ments in falling down. In case of there being but one 
privy and none above it, the basin is not inclined, as shown in 
the drawing, but simply a short pipe, having somewhat the 
appearance of a chamber-pot without bottom. In no case is 
there any valve retaining the matter, but it falls straight down 
and collects in the curved portion of the cast-iron pipe below, 
where it acts as a sort of prop or piston upon which the at- 
mosphere presses when the street valve is opened. The vertical 
pipe is carried up to the roof of the dwelling like a chimney, so 
that whatever effluvia may arise from the excrements below is 
carried off by the current of air which always sets in through 
the privy seat-opening whenever the lid is removed. Through 
the upper outlet of this pipe the air enters, which effects the 
pneumatic scouring. ‘Trials have shown how thorough this is; 
in fact, it cannot be otherwise, considering it is the work of what 
we may cull a concentrated hurricane. 

When all street valves have been opened and shut again, the 
main valve connecting the hose with the upright pipe of the 
reservoir is opened, and its contents thus thrown by air pres- 
sure into a tender-carriage attached to the steam-engine. 
The whole moveable apparatus is then uncoupled and brought 
to the next reservoir, and thus the process is continued until the 
tender is filled. As the place where this will happen is of 
course known beforehand, an empty tender drawn by two 
horses meets the engine there, ind changes places with the full 
one, which by the same team is sarried at once out of town. 

For 10,000 inhabitants there is required one steam-engine of 
from 10 to 12 horse-power and three tenders, each of about 
90 cubic feet capacity. The latter ean, by going back and 
forwards, remove the fecal matters, due to that number of 
people, in from seven to eight hours, depending upon the length of 

aul. The tenders, when filled, are brought to depdts called de- 
canting stations, situated on the edge of the town, where their 
contents are at once transferred to barrels: These are therefore 
purposely constructed, can be hermetically closed with an iron 
cap on the side, and are strongly made so as to bear rough 
handling. Their capacity is just 5 cubic feet, and they can, 
when filled, be shipped or transported like any other article of 
trade, without giving offence. 





The quantity of excrements produced by an average in- 
dividual of all ages and both sexes has been, by repeated 
measurements, determined as follows: 





Per annuum in 


Per day in pounds. pt - my ed 





1.40 
8.60 


Feces 
Urine 51 


0.24 
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1.75 








Total... 10.00 





The principal useful ingredients contained therein are: 
Ingredients. Feces. Urine. 





Ib. Ib. 
1.49 
2.00 
0.25 

10.51 


__ 14.25 


Ammonia... ase ae 
Phosphate of lime és. 
7 ee eee 
Organic substances... 


1.33 
33.00 

















50.00 





The least agricultural market value of these manuring ele- 
ments being 10s. ; the barrels, holding 5 cubic feet, contain thus 
5s. worth of fertiliser. 

The decanting stations are placed as near as possible to a 
railway depét, steamboat landing, «4: al, or other means of 
transport, by which the barrels art duily to be removed with 
the regularity of mail service to the grounds where the mate- 
rial is to be utilised. 

These grounds belong to the sewerage works, and all manure 
is used on them which is not purchased and hauled away by 
private farmers. Upon their arrival, the barrels are placed 
upon ploughs constructed, in case of arable land, as shown in 
Fig. 8. They are laid with the bunghole up, the cap is then 
screwed off, and a pipe fastened over it by means of a stout 
leather breeching poll ya broad straps. They are then turned 
around so that the pipe can discharge the manure in the furrow 
immediately after the ploughshare. ‘Two scrapers level again 
the ridges of the cast-up earth, thus closing the furrow. The 
pipe has a small valve, which stops or regulates the discharge. 

When put in motion, the operation is as follows:—The 
— turns the earth which was first under to the sur- 

ace, and brings the top soil, which contains abundance of 
oxygen, under; at that moment the manure is poured in, 
mixing thus with this broken-up top soil, the scrapers, follow- 
ing behind, throw the ridges of cast-up earth down again 
without turning it, thus filling up and closing the furrow, and 
thereby preventing the escape of highly valuable gases, princi- 
pally ammonia, which is one of the chief nourishing elements of 
vegetable life. 

To enable this process of manuring to take place daily, the 
land is laid off in beds of about 4 ft. wide, separated by paths of 
about 2 ft. wide. Upon the beds the plants or crops are grown, 
and the paths serve for storage of manure; they are also eon- 
venient for weeding. The following season, the beds and paths 
change places, that is, the one is made to occupy the ground of 
the other: thus the plants always draw their food from soil 
which has been manured the previous season, and there has 
thus been ample time to convert the raw material into proper 
combinations. Experience has shown the system of planting in 
rows to be more remunerative than the broadcast plan, a given 
strip of land producing more pounds of grain, &c. 

The oxidation or decomposition of the organic remnants of 
excrements, which farmers well know must occur before they 
obtain the form into which plants can absorb them, now takes 
place under the ground instead of above it, as formerly, and 
thus is not only much valuable fertilising element saved, which 
otherwise would be lost by evaporation, but also the contamina- 
tion of the air is prevented. 

All soils upon which human food grows, whether cereals, 
legumens, roots, or bulbs, are capable of being treated in this 
manner with human manure, for the reason that they contain 
the same minerals. These inorganic substances are taken from 
the soil in gathering the harvests, and must be returned to it, 
after having done their office of holding and carrying the organic 
elements which form the nutritive parts; otherwise, the soil 
becomes exhausted, and refuses to give new crops. Our bodies 
reject the former, and take up the latter. Also all soils capable 
of being ploughed at all, no matter how undulating or sloping, 
are — of this mode of applying sewage. An almost un- 
limited range is thus given for its utilisation, compared to the 
one afforded by the “ sewerage by water” plan. 

When the grounds are meadows, an apparatus is employed as 
shown in Figs. 9,10, and 11. Instead Hi a ploughshare, a sort 
of knife is used, which makes a running incision in the sods. It 
stands upon a broad hollow foot, which passes under the sods. 
A hole about 2 in. diameter passes through both, and conducts 
the manure from the barrel to the cavity made temporarily 
below. This cavity is only about 1 in. high, and is closed again 
after the passage of the knife through the falling down of the 
sods, which they do immediately afterwards, partly through their 
weight and partly through elasticity, somewhat as lips which 
have for a moment been parted by the passage of a pipe-stem. 

The depth of deposit of manure depends, of course, upon the 
length of the grass-roots or thickness of sods ; generally it should 
be about double that amount, making a depth of 8 in. for 4 in. 
sods. The intervening layer of earth will then take up the raw 
material and convert it slowly into nutriment for the grass- 
plants. As the city of the Hague is nearly exclusively sur- 
rounded by meadows, this mode of utilisation will of course be 
‘een py followed. In the winter, when the ground is so 

rozen or covered with snow that a ploughshare cannot enter it, 

the manure barrels are to be kept in sheds therefore constructed, 
as nearly as possible at freezing point, thus preventing fermen- 
tation to a great extent. 

There are many details yet, forming important parts of this 
system, but for which we have no space, We advise those of our 
readers who are interested in it to call at Captain Liernur’s 
office, 34, Regent-square, Grays-inn-road, where, we believe, any 
desired information may be obtained. 





RECENT PATENTS. 

(No. 476, 1s. 6d.) E. T. Hughes, of 123, Chancery. 
lane, patents a ship’s windlass, in which two pawls are 
moved alternately i two eccentrics, these being turned 
in the usual manner by handspikes. 

(No. 518, 2s. 2d.) E. M.du Boys, of Paris, pa- 
tents an apparatus for measuring water, which deserves 
amore extended notice than we can give it in this 
column. It is intended for continuous measurement 
from mains. 

(No. 554, 10d.) C. J. Caumon, of Toulouse and 
New York, patents a numerous series of operations for 
making iron iz vacuo, as he expresses it, the real 
action, however, being that of generating currents of 
air over or through the iron by rarefaction, and the 
consequent creation of a partial vacuum. He repa- 
tents Mr. Bessemer’s well-known process, drawing the 
air through by suction instead of forcing it; but here 
Mr. Bessemer has also anticipated him. Mr. Caumon 
proposes to employ steam jets to produce his vacuum. 

(No. 562, 10d.) James Dodge, of Manchester, 
patents a form of cast-iron blocks, which, being heated 
from within, are to be employed for tempering saws, the 
saw being forced tightly by cams between the flat sur- 
faces of the blocks. 

(No. 566, 10d.) Peter Kerr, of the United States, 
has been refused a patent for a valve-gear, certainly 
from no want of novelty or ingenuity, if the latter were 
patentable. We suppose the refusal was grounded 
upon some clerical detect in the specification. 

(No. 575, 8d.) George Heseltine, of 8, Southamp- 
ton-buildings, patents an often pane form of per- 
manent way, in which the rails bear upon corrugated 
plate sleepers. 

(No. 579, 1s. 4d.) Messrs. Winby Brothers, of 
Cardiff, patent the hydraulic rolling-mill described on 
page 342. 

(No. 591, 8d.) J. H. Johnson, of 47, Lincoln’s 
Inn-fields, patents improvements in roads and high- 
ways. The base is to be of limestone, with concrete 
above, and then asphalte. Upon this bed are to be 
laid a series of wrought-iron ribs, on edge, with silicious 
road-metalling packed between them. 

(No. 595, 10d.) Le Keux and Wishart, of 32, 
Seymour-strect, New Town, Deptford, patent railway 
train signals, in which the passenger may let off signal 
rockets by applying a chemically prepared portion of 
his railway ticket to a corresponding part of the appa- 
ratus, the contact causing detonation. Various signals 
can thus be given, and the person giving them can be 
always identified. ; 

(No. 598, 10d.) H. Wilson patents the sawing 
machinery illustrated and described on page 342. 

(No. 609, 8d.) Mr. John Hick, the well-known 

engineer, of Bolton, patents improvements in billiard 
cues. 
(No. 613, 10d.) John Norman and Mr. Copeland, of 
Glasgow, patent improvements in A. C. Kirk’s 
apparatus for freezing by brine at a temperature below 
32°. 

(No. 614, 1s. 2d.) J. B. Booth, of Preston, patents 
an improved mode of making flyers for spmmuing- 
frames. 

(No. 618, 8d.) George Cowdery, of Cranley 
Surrey, patents ‘a brick machine, in which the moulds 
are formed around the surface of a revolving cylinder. 
The moulds take the clay from a hopper at the top, and 
the brick is delivered at the side, the pressure being 
apparently but slight. 

(No. 621, 8d.) J. D. Dow, of Liverpool, patents 
water-grates for boilers, and the maintenance of a jown 
draught through them. Both are very old, separately 
if not in combination. 

(No. 624, 10d.) Edward Cottam, of Battersea, 
patents a hydraulic press with a quick-speed and slow- 
speed ram working the one after the other, the improve- 
ment being in details of construction, which would re- 
quire a drawing to explain them. a 
(No. 625, 10d.) | it Young, of Limefield, N.B. 
yatents the application of a central forcing screw to 
bis inclined revolving retort, noticed by us last week. 


(No. 626, 8d.) James Skinner, of Hebburn, Gates- 


head-on-Tyne, patents a steering gear embodying the 


screw-nut sliding in a straight line, 
and carrying a quadrant slot. A block ina short = 
on the rudder-head moves in this slot, and the -— 
slot is so placed with reference to the rudder-head, t ‘ 
the force is greatly increased when the rudder is pu 
over either way. : 

(No. 631, 8d.) W. R. Lake, of 8, Southampton 
buildings, patents as a communication a form of - 2 

ay aks: which is split for about one-half its lenge 
and the ends so formed by being bevelled in oppo” 


application of a 
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directions, that they diverge on the spike being driven 
and acquire @ very strong hold. 

No. 638, 1s. 4d.) William Clark, of Chancery-lane, 
patents a steam vessel intended to roll over the water, 
after the manner of the “ Novello craft,” proposed by 
the well-known music publisher, in 1859, if it has not 
indeed been often proposed. 

(No. 639, 8d.) E. W. Otway, of Reading, patents 
the serrated or sickle edge of chaff-cutting knives, as 
exhibited by him at the Salisbury show last summer. 

(No. 646, 10d.) Prentice and Inglis patent anneal- 
ing furnaces, for thin plate iron. The furnaces are of 
brick, whereas cast-iron boxes have been heretofore 
used. It is said that the patentees are saving 1000/. 
yearly on each of their furnaces at work for anentng 
sheet iron, by the simple employment of brick anneal- 
ing chambers. 








THE WATERWORKS OF LONDON. 


No. VI.—Tue Granp Junction WATERWORKS 
Company. 

Tue chief works of the Grand Junction Waterworks 
Company are situated at Kew, and prior to 1852 the 
company drew its supply of water from the Thames at 
that place. About the date mentioned, however, the 
Grand Junction, like the other Thames water com- 
panies, moved its source of supply higher up the river, 
and it now obtains its water from Hampton, where it 
has works close to those of the Southwark and Vaux- 
hall and West Middlesex Companies. At Hampton 
the company has two subsiding reservoirs, each cover- 
ing an area of 45,000 square feet, and from these the 
water is pumped by two direct-acting Cornish engines 
of 110 horse power each, through 13,500 yards of 
33in. main to the Kew works. The engines just men- 
tioned have each a cylinder 60in. in diameter, with 
10 ft. stroke, and a pump-pole 42 in. in diameter, the 
stroke being of course the same as that of the steam 
cylinder. The main into which the engines pump is 
provided with a stand pipe 90 ft. high, 

At Kew there are two subsiding reservoirs and three 
filter-beds, and into one of the former the water is de- 
livered by the main from Hampton. The two subsi- 
ding reservoirs, together, cover an area of 245,000 
square feet. The three filter-beds, which adjoin this 
subsiding reservoirs, have a combined area of 225,000 
square feet, and, except for a few weeks in the busiest 
part of the year, two of them only are in use at one 
time. The water is conducted into each bed by an 
open culvert which extends transversely from the side 
of each bed to the centre, where it joins a similar cul- 
vert running longitudinally for the greater part of the 
length of the bed, the two culverts together thus form- 
inga Tinplan. ‘The open culverts are constructed of 
brickwork, and beneath them there are other culverts 
through which the water is withdrawn from the beds, 
and, in fact, the arrangement is very similar to that 
adopted at the West Middlesex works, of which we 
gave a description and illustrations in this journal four 
weeks ago. ‘The filtering material of the Kew beds 
consists of a lower stratum of 1 ft. of coarse gravel, 
upon which are laid consecutively 9 in. of rough- 
screened gravel, 9 in. of fine-screened gravel, 12 in. of 
fine gravel, and from 3 ft. to 4 ft. of Harwich sand. 
The water is collected from the filtering material 
and led to the main culverts by a series of small 

rallel branch drains, the floors of these drains being 
ormed of York landing stones, and the sides and tops 
of brickwork laid with joints lin. open. The collect- 
mg drains are well packed round with large stones to 
prevent the finer filtering material from washing into 
them. The filter-beds are worked with ahead of water 
of about 4ft., and according to Mr. R. W. Mylne’s 
contour map, the level of the water in them is 33.5ft. 
above Ordnance datum. 

At the Kew works the sand for the filter-beds is 
washed by placing it in cast-iron vertical cylinders 
through which an upward current of water is made to 
flow. These cylinders are each 7 ft. 6 in. in diameter 
by 3 ft. high, and they have double bottoms between 
Which the water is admitted by means of a pipe con- 
nected to the main. The upper bottom of each 
cylinder is perforated, and upon it is placed the sand 
to be washed. As the water rises up through it the 
saud is kept constantly stirred, and the upward 
current is rs enabled to carry off all the impurities, 
whilst the sand; being heavier, remains in the vessel. 
The dirty water: flowing over the edge of each vessel 
is received and conveyed away by suitable drains, these 

ing furnished ‘with a chamber in which any sand 
which may have been carried over by the water is 
deposited. When, by the appearance of the over- 
water, it is seen that a charge of sand has 








been cleaned, the water is turned off, and that remain- 
ing in the vessel allowed to escape by means of a cock 
provided for the purpose. A layer, about 1 in. thick, 
is then skimmed off the washed sand and set aside to 
be treated with another charge, and the remainder, 
which is completely cleansed, is taken out for use in 
the filter-beds. This mode of washing the sand appears 
to be a very simple and effective one, and by its use 
the cost for the labour of sand-washing at the Kew 
works has been reduced to 4d. per cubic yard. 


The pumping power at Kew includes one engine of 
300 horse power, one engine of 150 horse power, and 
three engines of 130 horse power each, these being all 
Cornish beam-engines, with the exception of the 150- 
horse engine, which is a direct-acting Cornish engine, 
constructed by Messrs. Harvey and Co. The 300- 
horse engine was built by the Perran Foundry Com- 
pany, and has a cylinder 90 in. in diameter, with 11 ft. 
stroke, whilst the pump plunger is 33 in. in diameter, 
and its stroke the same as that of the steam piston. 
The engine pumps against a dead head of 160 ht. ina 
standpipe close by, this standpipe being in commu- 
nication with the main leading to the low-level dis- 
tricts and the Campden-hill reservoir. 

Two of the 130-horse engines also pump into the 
standpipe, these two engines, which are placed in one 
engine-house, having their valve gear regulated by one 
cataract, so that they make alternate strokes. The 
engines have each a cylinder 62 in. in diameter, and a 
pump plunger 24 in. in diameter, the stroke of both 
the piston and pump plunger being 8 ft. The other 
130-horse engine is of the same dimensions as those 
forming the pair above mentioned, but it is employed 
in pumping against a higher lift in order to supply the 
Kaling district. The water is delivered by it direct into 
the main for that district, the strain upon the main 
being relieved by its being connected to the standpipe 
by a pipe which allows a small portion of the water 
delivered at each stroke of the pump to flow into the 
latter. The actual head against the pump is 220 ft., 
and the engine is worked at 10 strokes per minute. 

The 150-horse engine is, as we have already stated, 
a direct-acting or “Bull” engine, constructed by 
Messrs. Harvey and Co. It has a 70 in. cylinder and 
28 in. pump-pole, and its stroke is 10 ft. It is worked 
at various speeds up to 17 strokes per minute, and is 
arrainged to — into the standpipe. ‘he delivery 
pipe of this and all the other engines is furnished with 
an air-vessel. We have said that the 300-horse, the 
150-horse, and a pair of the 130-horse engines are 
arranged to pump into the standpipe; but the four 
engines are not worked at one time, one of them being 
generally kept standing as a relieving engine. For 
supplying steam,to the 300-horse engine five single-flued 
Cornish boilers are provided, of which four are 
regularly worked ; and seven similar boilers, of which 
six are; in regular use, are provided for supplying 
steam to the other four engines. The boilers are 
worked at a pressure of 45 lb. per square inch. 

From the Kew works a main about four and a half 
miles long extends to the reservoir at Campden Hill, 
and the engines which we have mentioned as being ar- 
ranged to pump into this standpipe raise a supply of 
water into this reservoir during the night, whilst during 
the day they supply the low-level district. The Camp- 
den Hill reservoir is a covered one, and has a capacity 
of about 4,000,000 gallons, whilst its water level is, 
according to Mr. R. W. Mylne’s contour map, to 
which we have already referred, 133.8 ft. above Ord- 
nance datum. At Campden Hill, also, the Grand 
Junction Company have two direct-acting Cornish 
engines which raise the water from the reservoir just 
mentioned, for the supply of the high-level districts, 
the engines pumping against a head of 120ft. in a 
standpipe. ‘The engines were constructed by Messrs. 
Harvey and Co., and have each a cylinder 70 in. in 
diameter. The pump plungers are 33 in. in diameter. 
and the stroke of the engines is 10 ft. ‘They are pro- 
vided with nine Cornish boilers, of which six are in 
regular use ; these boilers being each 30 ft. long, 6 ft. in 
diameter, and having each a single flue 3ft. 8 in. in 
diameter. The steam, which is supplied at an average 
pressure of 35 lb. per square inch, is cut off in the en- 
gines at one-third the stroke; and the engines are run 
at a speed of ten strokes per minute. According to 
the Desetne Geant report for the month of 
August last, the Grand Junction Waterworks Com- 
pany were then supplying an average quantity of 
9,800,484 gallons daily, this quantity being distributed 
amongst 25,636 houses. The total quantity of im- 
purities contained in the water amounted to 25 parts 
in 100,000, 1.09 parts of this quantity being organic 
impurities and 16.8 parts of carbonate of lime or its 


TIME AND THE ANTIPODES. 
To Tae Eprror of ENGINEERING. 


Dear Sir,—Now that the Atlantic telegraph is working so 
well, and acable round the world is not considered an impossibi- 
lity, the following problem is not without interest, and perhaps 
some of your correspondents may be able to give a satisfactory 
explanation of it. 





Cc 


Let A, B, C, D, represent the earth, with telegraph stations 
at A, B, C, and D, at equal distance from one another. Then 
let a message be sent from A to C, leaving A at twelve o’clock 
noon. What o'clock will it be at C, when the message arrives 
there, supposing no time lost in its transmission? If the mes- 
sage go by the westerly route, through D, leaving A at twelve 
noon on Tuesday, it will reach D at six o’clock on ‘Tuesday morn- 
ing, and be at C at twelve o’clock midnight, that is, Monday 
night. But if it be sent by the easterly route, through B, it 
will be at B at six o’clock on Tuesday evening, and will again 
reach C at midnight; but it must be Tuesday niglit, and not 
Monday night, as by the westerly route ! 

How comes the difference ? 

An explanation would much oblige, 

Yours respectfully, 
Dundee, October 24, 1866. IGNORAMUS. 





THE WATERWITCH. 
To Tue Eprror or ENGINEERING. 


Srr,—Your excellent leader on this subject and the letter of 
Mr. G. H. Phipps prove conclusively that the invention, as car- 
ried out, does not stand the test as regards efficiency compared 
to the ordinary screw, and it is but right that the truth should 
be elicited. But still, even without mentioning the several im- 

ortant advantages inherent in the new system, it strikes me as 
Eelas a little hard towards the inventor to stop here instead of 
at the same time trying to make out how the system might be 
applied in a more economical manner. I {shall, with your per- 
mission, try to show that the invention, when carried out in a 
somewhat different way, can successfully compete with the com- 
mon screw even as regards economy. 

It has been recorded that centrifugal pumps, under favourable 
circumstances, have been constructed so as to realise about 80 
percent. duty, if my memory dovs not mislead me. It is further 
a well-known fact that a pair of condensing engines above, say, 
100 horse power, of good design and workmanship, absorb at 
most about 25 per cent. in friction when loaded. Now, taking 
the resultant co-efficient of .75 and .80, we get 60 per cent. as 
power available for propulsion out of the gross indicated horse 
—_ 60 per cent. of 750 is=450, and this would give 10.418 

nots instead of 8.9. This is about the same efliciency as that 
of the Rattler, going at 10.01 knots, as your correspondent, 
Mr. Phipps, finds it, viz., 428 and 252 indicated horse power, or 
as 1.7 to 1. Jt may be said that I have allowed nothing 
for extra friction in the contracted outlet openings, but 
it does not seem to me to offer innnomanatshie obstacles 
to increase the number or size of the same to some 
extent. I do not see why two engines on the same level, 
one with a forked connecting-rod acting on the crank, and 
the other with the plain end of the rod in between the jaws of 
the other connecting-rod end, should not do better than three, 
for they would have their centre of gravity lower, in smaller 
vessels be more protected and take up less room; besides, the 
centrifugal pump acts more efficiently as a flywheel, I should 
think, than the screw, so that there is no necessity for triple 
engines. ‘Che new system offers several important advantages. 
It takes up less space, is all on one spot, instead of extending one- 
third or one-half the length of the vessel, like the screw engine aud 
shaft. It does away with the danger of fouling the screw aud 
breaking the blades, and the trouble of hoisting up when under 
sail, besides doing away with the racing of the engines in a gale, 
so well known in screw steamers not fitted with an efficient 
governor. As regards weakening the vessel amidships, I leave 
it to shipbuilders to say whether skilful arrangement cannot 
entirely get over this objection, if it be not already surmounted 
in the case before us. ’ 
To sum up the preceding, it amounts to this: Owing to the 
very bad form of arms in the centrifugal pump, it is possible 
that the efficiency of the pump, including friction in pipes and 
inlet passages, is only about 40 per cent,, that of the triple 
engines perhaps 70 per cent., the resultant coefficient being 
28 per cent. of 750=210 horse power. Is it any wonder that 
210 horse power actually employed in propelling a vessel with 
bad lines for speed only propel it at the rate of 9 knots, when 
the Rattler, with the same midship section, but finer lines, took 
252 horse power to drive it 10 knots? 





equivalent. 


I am, Sir, your obedient Servant, 
P, Jensen, M.S.E. 
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MESSRS. WINBY 


FIG 2. 












BROTHERS’ 


HYDRAULIC ROLLING-MILL° 
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Messrs. F. C. anp C. E. Winpy, of Cardiff, have recently 
patented a mode of driving rolls by means of hydraulic or steam 
power applied to the rolls in the manner show in the accom- 
panying engravings. From these engravings it will be seen that 
the rolls are mounted in a pair of standards, carried by a bedplate 
as usual; but the axis of the lower roll is provided with a pinion 
which gears into the rack-bar by the reciprocations of which the 
rolls are driven. The rack-bar works backwards and forwards 
in a suitable frame, and is supported by rollers placed under it 
to reduce the friction. One end of the rack-bar is connected to 
the crosshead of the plunger of a hydraulic press or of the piston 
rod of a steam cylinder, placed horizontally at one end of the 
frame of the machine, the crosshead just mentioned being guided 
by grooves in the frame. By this arrangement the motion of 
the steam piston or ram of the hydraulic press is communicated 
to the rack, and the reciprocations of the bien, of course, pro- 
duce a rotary movement of the rolls. In order to render these 
movements self-acting, a sliding bar is connected with the valve 
of the steam or hydraulic cylinder, and this bar is moved by 
~ projecting from the underside of the rack-bar, these pins 

ing adjustable, so that the rack can be set to work with any 
desired length of traverse. In some cases Messrs. Winby pro 
pose to introduce gearing between the pinion driven by the rack 
and the rolls, so that several revolutions of the latter are caused 
by one turn of the rack pinion, whilst, in other cases, they pro- 
pose to substitute for the rack a chain led over a suitable chain- 
wheel on the axis of the rolls. 


WILSON’S SAWING MACHINERY. 

Tue arrangement of band saw and jigger saw combined, of 
which we now give engravings, is one which has been designed 
and patented by Mr. — Wilson, manager to Messrs. Powis, 
James and Co., of Lambeth ; and, in our illustration, Fig. 1 is a 
front and Fig. 2 a side elevation of the machine. The band 
saw, b, is driven by the riggers, a a, these riggers being fixed on 
the spindles, cc, which are carried by the brackets, dd. On the 
spindles, c c, there are also placed the oscillating arm or levers, 
ee, each of these being fitted with a quadrant plate, / The 
jigger saw, g, is carried by those quadrants, and may be secured 
to them in any convenient manner; in the illustration it is 
shown attached by the thumb-screws, 4h. The two levers, 
¢¢, are coupled by the ar rod, ¢; and the lower lever bas 
an arm, e', which is connected by a link, 7, with an adjustable 
crank-pin placed in the wheel, &. From this description it will 
be seen that by giving a rotary motion to the wheel, k, a re 
ciprocating motion is imparted to the jigger saw. In some cases 
Mr. Wilson combines the band and jigger saws by attaching the 
latter to the band-saw' riggers on the spindles, c, instead of to 
quadrants, these riggers being coupled together by a connecting 
rod attached to pins fixed in their arms, and the lower one being 
driven by a link, in the same manner as the lower quadrants, of 
the arrangement which we have illustrated. When the band is 
to be worked, the link and connecting-rod are, of course, discon- 
nected. 

In order to allow for the expansion and contraction of the saw 
which takes place when at work, Mr. Wilson attaches the 
bracket supporting the upper saw-wheel spindle to the slide, r, 
and connects this slide by the link, g, with one end of a spring, n. 
This spring is made like an ordinary carriage spring, and is sup- 
ported at the centre by the bracket 0, whilst one end is con- 
nected by the ordinary tension-rod, s, to a bracket on the frame 
of the machine, and the other is, as we have already mentioned, 
coupled to the slide, r, by the link gq. Both the links, g and s, 
are screwed, and are furnished with hand wheels, so that the 
amount that the spring is deflected, and consequently the ten- 
sion on the saw, can be regulated at pleasure. 

The remaining figures of our illustration refer to an improved 
method of packing the saw in the table, also patented by Mr. 
Wilson. Upon the pin, «, on which the table is free to swing, is 
hinged the box, ¢, this box being shown to a larger scale in Figs. 
5 and 6. In the box, ¢, are placed blocks, w, formed of hard 
wood or other suitable material, the tops of these blocks being 
of a spherical or rounded form. The table is hollowed out be- 
neath, as shown, to correspond with the shape of the blocks, 1, 
so that as the table is canted the blocks work in the hollow por- 
tion in a similar manner to a ball-and-socket joint; and the saw 
is thus always allowed to work in the proper position, and the 

ing remains level with the top surface of the table. In 
order to avoid the necessity of going to the part of the machine 
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BorLer ScAte.—Extensive trials are being made in the 
Lancashire districts, with Travis’s ‘‘ vegetable colloid” for the 
prevention of incrustation in boilers, 
upwards of two years, and we hear that the Lancashire and 
Yorkshire Railway Company employ it toa very large extent. 
It is in use also in the royal dockyards, at ‘Truman’s brewer 


(in London), at Hadley’s City Flour Mills, &c, The colloid is 


simply Irish moss, or “ carrigheen,” carefully selected and pre- 
pared, and is applied through a box injector at the rate of 
about eight pounds per day per boiler of 35 to 40 nominal horse 
power. More or less may be used according to the quality of the 
water. The impurities in the water, where this “colloid” is 
used, are precipitated as slime, and are easily blown out. 

Tue IRonworKERs’ Strik&.—The amalgamation of the two 
great unions of the ironworkers, heretofore having their 
“executives” at Gateshead and at Brierley Hill, is looked upon 
as likely to promote strikes all over the Liagion, and to still 
further interfere with the production of iron. 


It has been in use for 
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SMALL Frre-ENGINES.—Messrs. Shand and Mason are now 
introducing a new class of light fire-engines to be worked by 
manual power, and drawn by one horse. In external appear- 
ances the engines greatly resemble a dog-cart, being carried upon 
a single pair of good-sized wheels. They are a modification of 
some hand engines made by the same manufacturers. 

JaMAicA.—A correspondent of the Scientific American ob- 
serves that small:portable saw mills are wanted in Jamaica to 
saw boards, fuel for stéam boilers, or staves for hogsheads, the 
usage now being to allow a stick to project a couple of feet from - 
the fire, to save labour. Rotary engines for water and still- 
honse purposes are also needed. _“ Let inventors advertise in 
the island a and appoint agents. Jamaica has also a vast 
quantity of fibrous plants, penguins, manilla, and the barks of 
many trees, which are now applied to no practical use ona large 
scale. If any one would introduce machinery to clean the pen- 
guins, 6 ft. in length, of the fleshy matter, quickly and 
thoroughly, it would be a source of great profit.” 





WILSON’S SAWING MACHINERY. 











where the saw acts, in order to loosen the nut of the quadrant 
below the table at that part, when the table is required to be 
canted, one nut only is employed to lock both the quadrants, as 
seen in Figs, 3 and 4, in which the two quadrants are marked 











x, 2. A bolt, y, is carried through the central column 
and through the slot of each quadrant, as shown, and a nut, % 
is fitted on one end of the bolt, so that, by tightening or loosen- 
ing this nut, both the quadrants are locked or 
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CYLINDER-FACING MACHINERY. 


DESIGNED BY MR. R. ANGUS, LOCOMOTIVE SUPERINTENDENT, NORTH STAFFORDSHIRE RAILWAY. 


Tue operation of “ getting up” a slide valve-face is one of 
the most tedious connected with the repair of locomotive engines, 
and in order to save a large amount of manual labour, Mr. R. 
Angus, the locomotive superintendent of the North Staffordshire 
Railway at Stoke-upon-Trent, has designed and brought into 
use a neat form of valve-face planing machine, which can be 
used whilst the cylinders are fixed in their places on the engine. 
Our illustrations represent one of these machines, as improved by 
Mr. R. Wilson, of Patricroft, and from these engravings it will 
be seen that the machine is intended for use on inside-cylinder 
engines, or on outside cylinder-engines having front covers to 
their steam-chests. 





FIGal 


EIG.2. 





It consists of a bed which can be bolted to the front’ of the 
steam-chest, and which is furnished with guides in which the 
tool-holder slides. At the outer end of the bed is a bearing for 
a crank-shaft, driven by a set of double gearing worked by a 
hand-wheel, as shown in the plan, the crank on this shaft having 
a crank-pin adjustable to different throws. From the crank-pin 
a connecting-rod extends to the tool-holder, and the latter 
has thus a reciprocating motion imparted to it. The tool- 
holder itself is formed of two principal parts, one of these 
simply sliding in the guides already mentioned, and the 
other, which is fixed to the first part by a central pin, 
being capable of vibrating so as to shift the tool, which is 
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carried at its end, from the top to the bottom of the valve face, 
or vice versé. This vibrating movement, which gives the “ feed” 
to the tool, is governed by a worm working into a segment of a 
worm-wheel formed at the outer end of the vibrating portion of 
the tool-holder, as shown in the figures. The worm-spindle 
has fixed on it a small pinion, and the teeth of this are acted 
upon at each stroke of the tool by the spring catch, a, so that 
the feed is self-acting. In the machine originally made by Mr. 
Angus, the arrangement of the feed gear was somewhat different 
in detail, but the principle was thesame. The machine is found 
to be an exceedingly useful one, and by its aid as much work can 
be done in one day as the best workman could do in six. 





TANGYE’S 





MACHINE FOR THE TESTING TENSILE 





STRENGTH OF IRON. 


THE neat form of hydraulic testing-machine of 
which we herewith give a ee tive view is one 
made by Messrs. Tangye Brothers, of Birming- 
ham. The machine is entirely self-contained, and 
is intended for applying strains up to 26 tons, the 
bar to be tested being placed horizontally, and its 
ends being held in clamps fitted to suitable heads 
situated at the lower part of the machine, One 
of these heads is fixed to the rod of a piston 
working in a cylinder placed at one end of the 
bed-plate, and it is by means of this cylinder that 
the strain is applied, the pump, by the aid of 
which the water is forced into it, being convenient] 
arranged on one side, and provided with 0 onal 
tank. The water acts upon the annular area of 
the piston around the An and the strain put upon 
the bar to be tested is measured by the head to 
which one end of the rod is attached, being connected 
with a system of levers, as shown in the engraving. 
The bell-crank lever, to which the head is im- 
mediately connected, has the knive-edge centres 
arranged in a peculiar manner, so that a very 
broad bearing is obtained for them, and the same 
arrangement has for some time past been applied 
by Messrs. Tangye to the large testing-machines 
made by them. 


Tue Centrrat Paciric Rau.way.—tThe line of 
railway in course of construction eastward from 
Sacramento, California, is a remarkable undertaking, 
Starting from the sea-level, its summit, only 105 
miles away, in a tunnel through a depression in the 
Sierra Nevada chain, is elevated 7042 ft. Yet the 
steepest gradients do not exceed 1 in 454. Eleven 
tunnels, few of any considerable length, occur on 
this portion, At some points the line runs on the 
tops of ridges, from which the passenger, poised 
almost in the air, can look down a thousand feet 
below. Eighty-five miles of the line are open. 
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SAUNDERS’S SALINOMITER, 











@LEVATION 


STEAM OR WATER JET PROPULSION. 
To THe Eprror or ENGrNeerine. 

Sim,—As the “sanguine designer and engineer” of the little 
craft referred to in the last number of EnGineEertna, I trust 
you will allow me to make an observation or two upon your 
article respecting my supposed plan of water-jet propulsion. 

I will first, however, state that I quite agree with your re- 
marks upon the waste of steam power in propelling a vessel by 

‘using steam to force water upon the principle of Giffard’s 
injector. 

I know an engineer who tested it practically with a light boat 
and a four horse power boiler, with steam at 150 lb. an inch 
pressure: the speed actually realised was about four miles an 
i 

I also agree that there must necessarily be a very great loss 
of power by water jet propulsion, and I think the writer of the 
article upon the Waterwitch, in giving Mr. Ruthven credit for 
utilising 25 od cent. of the power as a propelling force, has 
acted very liberally towards him; but, on the other hand, is it 
not also perfectly well known that the paddle wheel or screw 
engines, on an average, when driving a vessel at eight or nine 
knots lose as much or more of the power? 

Your mistake, or rather that of your informant, is in the 
supposition that I obtain no better result from the use or ex- 
penditure of a certain weight of steam than would be given by 
an Injector. 

In your article (alluding to the Injector), you state that if 
steam of 100 pt ees take up and carry forward 99 times 
itsown weight of water, the velocity will be 18% ft., or equal in 
pressure to nearly 2.4 1b. per squareinch. As this pressure is 
something near (but not so much as) the pressure at which I 
work my water-jets, it affords an opportunity of comparing 
results. 

On Monday last, in the presence of an English admiral, a jet 
of water 3in. diameter discharged in 1} seconds 34 gallons of 
water. The steam used was at 801b., throu 
an inch diameter for 1} seconds; water evaporated thereby less 








h a jet of ,'yth of | 


than a small teaspoonful, or about jth of an ounce; weight | 


of steam in comparison with that of water discharged being | 


about x:hoth part. 









My scheme is, in fact, 2 more economical method of raising 
water than by any kind of engine using the same weiglt of 
steam, and I think your infc rmant ought to have made inquiries, 






and not jumped at an erroneous conclusion, before such a false 
and damaging article should have been allowed to ap) 
columns of ENGINEERING. = 

Captain W. W. Wood, the dldest chief eng 
States Navy, whose torpedo vessels are illust 
week’s number, recently came to England pri: 
the practical development of the water-jet system of propulsion, 
and, having heard of my scheme, eat nd tested it, and was on 
board the little boat referred to on the last trial, on the 17th 
ult., off Wandsworth, when she was propelled against the tide, 
going through the water at about four miles an hour, by expen- 
diture of about half-horse power of steam, and he afterwards 
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A smwrte and efficient salinometer is one of the most useful 
fittings of a boiler worked with salt water, as it enables the 
state of the water in the boiler to be readily ascertained, and 
the proportion of the water blown off to be regulated accord- 
ingly. Saunders’s salinometer is a form of the instrument which 
has now been introduced by Mr. James Hosken, of Fenchurch- 
street, and the accompanying illustrations will enable us to ex- 
plain its construction, The water from the boiler is admitted 
through the pipe communicating with the top of the instrument, 
this pipe being connected to the boiler at or about the level of 
the crown of the furnaces, and omg Santee with a cock, A, 
by which the flow of the water can be regulated, so that a small 
stream is constantly flowing through the salinometer without 
causing a disturbance in the central chamber, E. The cock, A, 
is the only part of the instrument which requires any adjust- 
ment. The entering water is delivered by the pipe into the 
separating chamber, B, where it is made to strike against the 
dise, C, which disperses it over the chamber, and effectually 
separates it from any particles of steam which it may contain. 

The water passes from the chamber, B, passes down the 
inlets, D into the central chamber, E, in which the salinometer, 
K, floats, and the overflow water is led by the overflow pipes, G, 
into the discharge chamber, H, from which it passes to the bilge 
or other convenient place. LEbullition in the chamber, E, is 
prevented by means of holes formed in the dome, F, which 





\ separates the central chamber from the separating chamber, B. 


The thermometer, J, is attached to one of the inlet pipes, D, by 
spring clips, and it and the hydrometer, K, can be readily taken 
out, when required, by simply unscrewing, by hand, one of the 
glands, L, thus enabling the glass face, N, to be removed. When 
the gland is screwed up, the joint is made by india-rubber rings 
placed on each side of the glass face. The hydrometer is very 
sensitive, and as it flows in still water it-can be thoroughly 
depended upon, It is read from the top of the bar or guide, N, 
and is adjusted for the usual temperature of 200°. From the 
above description, it will be seen that when the cock, A, has 
been once adjusted, the instrument will work for months with- 
out further attention, and will give a constant indication of the 
state of the water in the boiler, thus showing at once when the 
operation of blowing off should be performed. 





Tue Speep or Yacuts.—The yacht America, of 208 tons, 
old measurement, once logged 13} knots an hour when running 
before a tremendous sea, on her voyage to Malta. The Teazer, 
a cutter of 22 tons, old measurement, on her voyage to the West 
Indies in 1852, ran 287 knots in 24 hours, or nearly 12 knots 
an hour. ‘Ten to eleven knots is the best rate of sailing of most 
fast yachts. 





proving the correctness of the system, and he was so well satis- 
tied of its commercial value that he desired to have an interest 
in the American patent; whereupon I offered to sell him, for 
ready money, the invention outright for America. He asked me 
to name the terms. I mentioned two sums, and he gave me the 
larger one; and I could not help thinking of the great difference 
between his conduct to an inventor and a stranger to him, and 
that (according to report) of our Government towards inventors. 

Captain Wood also examined and tested my steam and air 
engine, which I say saves 50 per cent. of fuel, and he also 
purchased that invention. 

I have since made arrangements with other parties, who are 
working out several foreign patents, and I cannot furnish details 
for publication until the foreign patents are completed. 

The speed of the little boat, 22 ft. 6 in. long and 6 ft. beam, 
ought, I consider, to have been between seven and eight miles an 
hour, with the expenditure of half a horse power of steam, and I 
have no doubt her speed will before long be brought up to it; 
but considered as the first attempt, and with many drawbacks 
incident thereto, it was a decided success, and notwithstanding 
that the launch took place on a Friday. 

My little steam and air locomotive for common roads did not 
at first exceed that speed, but afterwards, and with about the 
same expenditure of steam, the speed came up to twelve miles, 
and, but for the absurd legislative restrictions, would have come 
into public use before this—for public as well as private vehicles. 

Although I am only an amateur engineer, I have tried between 
20,000 and 30,000 experiments in connexion with steam during 
the last ten years, and therefore consider I have served a reason 
able apprenticeship to it, and I think I have noticed a few things 
that have previously escaped attention—the steam and air engine 
and the water-propeller being of the number. 

It was a real pleasure to meet such a straightforward, honour- 
able gentleman as Captain (or, rather, Professor) Wood, who, 
with his scientific abilities, as well as practical knowledge, was 
capable of judging for himself, and also willing to back his judg- 
ment by risking a considerable sum on the strength of his own 
opinion. 

It has also been my lot to come in contact with many English 
‘* engineers” differing from him as much in character as in know- 
ledge and ability. 

I am, Sir, 
Your obedient humble Servant, 
6, Lilford-road, JAMES PARKER. 
Camberwell, Ist Nov., 1866. 





Petrotecm Furi.—Mr. C. J. Richardson, whose address is 
34, Kensington-square, W., has issued a circular worthy of 


careful attention by all who are interested in the adoption of 


troleum as a fuel for ocean steam navigation, Mr. Richardson 
1as evaporated from 18 lb. to 20 1b. of water per pound of crude 


English shale oil, worth 5. per ton, and occupying much less 
space, and having hardly more than one-third the weight, of the 
coal ordinarily required for the same work. 


A Gratin ELEvAtToR.—Watson’s new grain elevator, at 


( Buffalo, is stated in “The Manufactures of America” to be 
came here and witnessed several experiments illustrating and | 260 ft. high. 





BOILERS FOR THE PARIS EXHIBITION, 

To THe Eprror oF ENGINEERING. 
Sm,—From your columns we learn the fact 
commissioners a the Paris Exhibition have oslected yr 
boilers from two English manufacturers to drive machinery in 
the forthcoming Exposition. 

Perhaps you will allow us space to inform your readers that 
one of our new Patent Safety Boilers was also selected for the 
same purpose some three months ago. 

Your faithful Servants, 
JAMES AND Frep. Howarp, 
Britannia Iron Works, Bedford, Oct, 27, 1866. 








THE WATER-JET PROPELLER. 
To rus Eprrorn or ENGINEERING. 


Si,—I have read with much interest your article in last 
week’s ENGINEERING on the “ water-jet propeller,” which in 
the Waterwitch replaces the screw propeller, now nerally 
adopted for men-of-war, Having gone carefully over the calen- 
lations, I arrive at nearly the same results as you do, and I 
presume, therefore, that there cannot be any important error in 
the same. Starting from this point, I would propose, first, to 
examine whether any improvements could be suggested in the 
present construction and arrangement of the water-jet propeller ; 
and next to consider the advantages and disadvantages of this 
system compared with the twin screws, which I believe is now 
admitted to be the most efficient and useful system for men- 
of-war. 

The first question to be considered will then be, whether the 
centrifugal pump proper, as now applied, is really the best 
water propeller. To this question you have yourself given the 
answer—that it is the very worst form, on account of its nearly 
radial blades, and I certainly think myself that a blade curved 
in the opposite direction to the motion of the pump would give 
better results; and next,'it appears that the openings at the cir- 
cumference of the pump are too large, causing a diminution in 
the speed of water, which would, no doubt, be more effective if 
maintained at a uniform velocity. As, however, it is @ well- 
known fact that a well-made turbine is the most efficient water- 
wheel, I would suggest whether a (so to say) reversed turbine 
wheel could not be applied with good results for this purpose. 
It would prevent any power being lost by churning the water, 
and, next, all the small streams of water would at once get an 
impulse in the right direction the mement they issue from the 
circumference of the wheel. This, however, can only be finally 
decided by a series of careful experiments made on purpose. 

In considering the advantages and disadvantages of the water- 
jet propeller compared with the twin screws, it seems that this 
comparison would go a great way in favour of the latter; for 
although I have not sufficient data by me, I think it will be 
admitted that the performance of the most of the twin-screw 
vessels built by Messrs. Dudgeon, of Millwall, have given better 
results than similar vessels fitted with a single screw, and I 
have no doubt that out of 750 indicated horse power, the brake 
horse power, if measured, would not have been far short of 600, 
which again would show a far better figure, actually utilised in 
propulsion, than the Waterwitch has given. Next, the power 
of turning on the centre belongs equally to the double-screw 
ships as to the ships fitted with the water-jet propeller, but all 
the machinery of the former can easily be brought down below 
the water-line, which does not seem to be the case with the 
latter. It appears, however, that in war ships the latter ma- 
chinery will occupy less room than the twin-screw engines, and, 
further, there is no doubt a great advantage in the fact that the 
centrifugal pump could, in a case of emergency, when a serious 
leak occurred, be either partially or wholly applied in keeping 
the vessel afloat. In case of fire, similar use could also be made 
of the water-jet propeller. , 

In conclusion, I think that we have yet to gain some consider- 
able experience before we arrive at the best shape of the water- 
jet propeller, and even then it will be a matter for consideration 
whether the twin-screw engines will not give outa larger per- 
centage of useful effect for propulsion than the new system. In 
the mean time it may perhaps be interesting to your readers to 
know that the proprietors of the Nautilus, which is also fitted 
with Ruthven’s propeller, have challenged either of the Citizen 
boats of similar tonnage and horse power, they paying all ex- 
penses of the trial. 

I am, Sir, your obedient Servant, 
27, Leadenhall-street, K.C. Lewis OLRICK. 








America.—Mr. James Howard, of Bedford, who has lately 
returned from a visit to the United States, will read a paper 
entitled “ Things in America,” on Monday next, at 5.30 p.m, 
at the Farmers’ Club, Salisbury-square. ; 

Gas Coa my THE East.—The engineer of the Singapore 
Gas Company observes in his report, I have not the least 
doubt that the Australian coal will answer our purpose best, 
provided we can get the right sort, The Rangoons cares 
although a first-class coal in appearance, does not come out _ 
in the working. Three other cargoes arrived from Austra si 
from each ship I took out about three tons, and tested rr) 
the actual working. The results were 7400, 8000, er 
cubic feet per ton; it was deemed advisable by the loea! co ht 
mittee to purchase the last-named cargo of 886 tons, at This 
dollars per ton, free on board the company’s tonkongs. 's 
will poll om me to show good results in the present ancl wo 
working, as they produce gas of an illuminating power - > 
teen candles, thus enabling me to dispense with the = whee 
nel coal; they are also very free from sulphur, and produ 


7 . . d Austra- 
of good quality. I have thought of using Labuan and / 
mek but ess is no dependence to be placed in the supplies — 


Labuan, and even if there were, it is too high in price. 
have a larger stock in hand than, under ordinary a ant 
I would recommend. They are all stored in good con tion, . 
there is no dust with them. Ido not anticipate any injury 
them from deterioration.” 
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CYLINDER-BORING 


BY MR, R. ANGUS, OF THE NORTH STAFFORDSHIRE RAILWAY. 
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WE last week illustrated a machine for planing the slide valve 
faces of locomotive cylinders, designed / Mr. R. Angus, of 
the North Staffordshire Railway; and we now give engravings 
of a machine for boring locomotive cylinders whilst fixed on 
the engine, which has also been designed and employed by Mr. 


ngus. 

The machine stands upon a foundation plate, A, which can be 
bolted down to the rails, and which is furnished with a rack into 
which a pinion, C, carried by the upright standard, B, gears, so 
that the hatter can be traversed in either direction. On the top 
of the standard, B, is the frame, D, this frame turning in a cir- 
cular groove, so that the boring bar can be pointed in any direc- 
tion, and can be used for boring out cylinders fixed to a table by 
the side of the machine, if required. The adjustment of the 
boring bar to any vertical angle is effected by means of the 
bracket, E, which supports the boring bar, being carried by side 
trunnions, as shown in Fig. 1, and the machine is thus rendered 
capable of boring cylinders fixed at any angle. 

he boring bar, F, is hollow, and is furnished with a screw 
down the centre for giving the feed to the head, G, which is 
shown separately in Fig. 5. The end of the bar has a centre 
or bearing which fits a suitable bush carried by the back ar 

der cover, and the bar is thus steadied. The boring head, G, 

across slide and tool-holder, this latter being adjustable so 
that the tool can be set to recess the cylinder at the back with- 
out removing the cylinder cover. The arrangement is clearly 
shown in Fig. 5. The boring head has fixed to it by three 
screws the wrought-iron nut, H; this nut passing through a 
groove in the bar,fand fitting the screw which we have already 
mentioned as being provided to give the feed motion. 

. The fast and loose pulleys, K, K, are placed upon a shaft car- 
Tied by the brackets, J, this shaft being provided with a worm, 
L, which gears into the worm wheel, M. The shaft on which 
this wheel is fixed also carries the bevel pinion, N, which gears 
mto the bevel wheel, O, placed on the boss, P, through which 

boring bar passes. As the shaft on which the pinion, N, is 

ed passes through the centre of one of the trunnions on 
which the frame, E, turns, the engagement of the bevel wheels, 
N and 0, is not affected by the inclination of the boring bar. 

Ae screw for giving the feed motion is worked by two pairs of 
differential wheels, arranged as shown in Figs. 1, 3, and 4. 

Four of the machines which we have Teacribed have been 
Co y made, and at the works of the North Staffordshire Railway 

mpany, at Stoke-upon-Trent, 150 pairs of cylinders have 
already been bored by one of them. The machine can be fixed and 
Set to work in half an hour, and it will bore at the rate of 23 in. 
x hour, whilst, from the arrangement adopted for supporting 
ea ring bar, it is unnecessary to remove the back cylinder cover 

isturb the motion bars. Our engravings of the machine 
ii ve been prepared from tracings with which we have been 
indly furnished by Mr, Angus, 
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WATERFALL CONDENSERS. 
To tHe Eprror or ENGINEERING. 
S1z,—In your impression of Oct. 19, you notice the siphon 
condenser invented and patented by Messrs. Shirt and Briggs. 
I have the pleasure to inform you that several condensers on 
this plan have been put up in various places with complete suc- 


cess. I have two at work here, with one of which I get a 
vacuum of 124 1b., and with the other about 11 1b., the down 
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Pipe of the latter being shorter. I have also letters from pérsons 
who 


have these condensers at work, stating they get 18 lb. and 
1331b. With respect to the small double-cylinder engine in 
London, I beg to say that the reasons why it did not answer are 
perfectly well known, and the same causes must operate in any 
similar case. I remain, Sir, 
Your obedient Servant, 

Alders Mill, Tamworth. CHARLES BriGGs. 

[In the accompanying sketch of Messrs. Shirt and Brigg’s 
condenser, B is the steam and C the water inlet, the condensed 
steam, &c., passing off by the pipe F. ] 
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To Tue Epiror oF ENGINGERING. 


a: notice, in your paper of the 26th ultimo, a descrip- 
tion of asurface condenser, recently patented by Mr. Hayes, of 
Stoney Stratford. He appears to claim the formation of # sur- 
face condenser in the after part of screw steamers, and the ad- 
mission of water at the forward end, and discharge at the stern. 

In A.D. 1847, a screw steamer Augusta was built, and the 
condenser was formed in the after part of the vessel, and about 
two years since pipes were connected to it, and led through the 
stern to increase the circulation of water. 

This vessel is a regular trader between Liverpool and London 
and may be seen at either port; the owners are Messrs. F. H 
Powell and Co., of Liverpool. 

We believe this arrangement is substantially that which Mr. 
Hayes has patented. 

We are, Sir, 
Your obedient Servants, 
Joun JoNES AND Sons. 

Williams-street Iron Works, Liverpool, Nov. 2, 1866. 








Si1r,—In your valuable and interesting journal of the 26th 
ult., there is a paragraph headed ‘* Hayes’s Surface Condenser,” 
in which it is stated, that Mr. Edward Hayes, of Stoney Stratford 
has PATENTED, and is now introducing, a form of surface con- 
denser for steam vessels, in which no circulating pump is em- 

ioyed. 

" judge from the description of this recently patented inven- 
tion that it is identical with a surface condenser invented by a 
member of the Neath Abbey Iron Company, and used in the 
Neath Abbey steam-packet in the year 1846, and subsequently 
in seven other steam vessels built by this company. It was not 
patented, and has also been introduced into several of their 
steam-ships by the Bristol Navigation Company. 


Yours very truly, 
Neath, South Wales, J. Ricuarpson, C.E, 
6 Nov., 1866. 


(An illustration of Mr. Hayes’s condenser will shortly appear 


in our columns.—Ep. E.} 








More Jets.—Mr. Watson, of Johnstone, has tried a small 
sheet-iron steamboat, weighing but 5 cwt., on the Glasgow and 
Paisley Canal. It hasan engine with a 3 in. cylinder, on | 
a centrifugal pump, which draws in water at the stem throug 
a passage 3 in. by 24 in. extending straight through to the stern, 

he boat being propelled by the reaction of the jet. A speed of 


t 
four miles an hour was attained. 
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THE METROPOLITAN DISTRICT 
_ RAILWAY. 
(Continued from page 329.) 

Tre 160 yards of open cutting which we last de- 
scribed are succeeded by about 100 ft. of the ordinary 
brickwork-covered way, this extending to the western 
side of the new street running from the northern side 
of Victoria-street. At this point the line passes under 
the site of a new brewery, which is to be erected by 
Messrs. Elliot, Watney and Co.; and as the weight 
to be carried above the line will be very great, a special 
system of construction has been adopted for the cover- 
ing. 

In the first place, the side walls are increased to five 
bricks in thickness, and are backed with 12 in. of con- 
crete; and for a length of 9ft. in the centre and 
at each end of that portion of the line beneath 
the intended brewery the arched brick covering 
has been made nine instead ‘of five rings in thickness, 
these thickened .portions being so situated that 
they will come under the front, centre, and back 
walls of the building. Between the nine-ring arches 
the railway is spanned by twelve massive wrought-iron 
box girders, each calculated to carry a load of 200 
tons, and upon these will bear the columns supporting 
the immense vats with which the brewery will be 
furnished. Between the girders the line is roofed by 
the ordinary transverse brick-arched covering, this 
covering being; as usual, five rings thick ; and the 
girders themselves will also» be covered over by 
longitudinal arches, having apertures in them, through 
which the columns already mentioned cam pass. At 
the point that we have been describing the foundations 
of the side walls of the railway are situated 15 ft. 
below those of some very high houses close to which 
the line passes, and the works had therefore to be 
executed with the greatest: possible care. The pre- 
cautions taken, however, were so effectual that not the 
slightest damage was done to the adjoining structures. 

Past the site of the brewery the ordmary brickwork- 
covered way recommenees, and here, for a length of 
about 500 ft., the exeavation has been cleared out, down 
to formation level. As the railway approaches the line 
of Victoria-street, it passes for some distance under the 
space upon which the honses which will eventually form 
the northern side of the street at this point will be 
built, and here the covered way has been constructed 
of more than the usual strength, in order to carry the 
extra load which will come upon it. As the railway 
approaches Victoria-street at an acute angle, the side 
walls of the houses will cross the line on the skew, 
and the strengthening of tlie arched covering has ac- 
cordingly been carried out as follows : The houses to 
be built will each have a frontage of 25 ft. 6 in., and the 
centre lines of the side walls have been set out at 
that distance apart. For a distance of 7 ft. 6in. on 
each side of each of the points at which these lines 
intersect the centre line of thé railway the brick- 
arched covering has been constructed ten rings in 
thickness, whilst between the portions so thickened the 
thickness has been made eight rings. From this de- 
scription it will be seen that this part of the brickwork 
covered way will consist of alternate 15 ft. and 12 ft. 
lengths, ten rings and eight rings thick respectively, 
and the side walls of the houses will bear upon the 
ten-ring lengths exclusively. At each end of each of 
the 15 ft. lengths there is also formed a counterfort 
2 ft. thick, these counterforts extending to the outside 
line of the side walls, and their tops being made to 
the same slope as the spandril filling. 


Close to the junction of Vauxhall-road and Victoria- 
street the Metropolitan District Railway crosses under 
the latter street and also underthe King’s Scholar’s Pond 
sewer ; and this point is, as we have already stated, the 
lowest on the line of the railway, the rail level being here 
21 ft. 9 in. below Trinity high water, or 9 ft. 3 in. San 
Ordnance datum. On pages 146 and 147 of the last 
volume of ENGINEERING we gave an illustration and 
full particulars of the arrangements adopted for carry- 
ing the King’s Scholar’s Pond sewer across the railway, 
and it will be unnecessary, therefore, that we should give 
more than a few general particulars here. The sew 
is conducted over the railway through a cast-iron tu 
about 14 ft. wide and 11 ft. high, this tube having an 
arched invert, and sides and crown of a_ horseshoe 
shape. The tube crosses the railway on the skew, and 
is supported by a pair of cast-iron girders, placed one 
on each side of it, the distance apart of the girders 
from centre to centre being 15 ft. 6 in. The height from 
rail level to the invert of the sewer is only 13 ft. 7 in., 
so that the latter had to be made so as to diminish the 
headway as little as possible. This has been done by 
forming the invert of plates stiffetied by ribs on the 


inside, these ribs_bei laced longitudinally, so 
they do not interfere wile the flow of the pon ia ws 
widest plates are also supported by transverse girders 
extending under them from one main girder to the 
other, and dis ne pe with the line of the rail. 
way, so that they will permit the engine chimneys and 
highest portions of the carriages to pass between them 
The cast-iron tube is protected above by a brick re. 
lieving arch of 18 ft. span, which comes between it and 
the roadway. , As the circumstances of the case did 
not permit, the King’s Scholar’s Pond sewer to be 
diverted during the construction of the iron tube, the 
sewage had to be conducted through ‘a temporary 
wooden trough, 6 ft. deep and 6 ft. wide, and around 
this the tube was built. .The whole work has been 
carried out with perfect success, 

The Victoria-street station of the Metropolitan 
District Railway will, as ‘we have before mentioned, 
adjoin the existing station of the same name; and its con- 
struction ‘is proceeding rapidly, its side walls being 
already nearly completed. The station will be 336 ft. 
6 in. ing by 50ft. 5}in. wide, and the platforms, 
which wil be each fifteen feet wide, will be furnished 
with separate staircases for the ordinary Metropolitan 
traffic and the exchange traffic with the London, 
Chatham, and Dover and London, Brighton, and 
South Coast Railways. The station buildings will 
have three floors—one at the platform level, a mezzanine 
floor upon which the booking-offices will be situated, 
and an upper floor above the street level. The walls 
are faced on the inside with Suffolk bricks, and are ex- 
ceedingly fine specimens of brickwork. The walls are 

anelled, and a very good effect has been obtained, 
Both in this and the other stations on the Metropolitan 
District line, by making the arches over the panels pro- 
ject lin. beyond the regular face ofthe wall. The roof of 
the station will consist of a series of wrought-iron arched 
ribs, and ‘its general construction will resemble that of 
the Kensington station roof, which we describe on 
another page. The thrust of the ribs will be received by 
castings built into the side walls, and secured by bolts 
passing through to washer-plates at the back. 

At the Victoria station the foundations of the walls 
are 29ft., and the level of the rails.is 24 ft. below 
the surface of the ground, and on one side of the 
station a well has been sunk 16 ft, below the rail level. 
The 18 in. culverts, which we have mentioned as being 
formed down the centre of the line, communicate with 
this well, and all that portion of the line which slopes 
downward to the Victoria station will consequently be 
drained into it. The water willbe raised from the 
well by a small pumping engine provided for the pur- 
pose, and similar pumping-stations will also be formed 
at Sloane-square and Cromwell-road. 

From the Victoria station the line continues in 
ordinary covered way, and the works are in progress 
as far as Belgrave-street south. At this point, how- 
ever, this length of the works in hand terminates, the 
next length commencing at the corner of Coleshill- 
street and Ebury-street. Here the rail level is 28 ft, 
below the surface, and the works commence with 100 ft. 
of the ordinary brickwork-covered way. This is suc- 
eeeded by a length of open cutting extending to within 
about 50 ft. of Graham-street, and as there was not room 
to construct the retaining walls of sufficient thickness, 
their tops will be strutted apart by cast-iron struts ex- 
tending across the. line. From Graham-street to 
Sloane-square the line will pass through ordinary 
brickwork-covered way, and this has been already con- 
structed, and is ready for the excavation of the core. 
The sewer which traverses Graham-street is carried 
over the line in a pipe 4 ft. in diameter, this p e, 
which crosses on the skew, being supported partly by 
the brick-arched covering, and partly by five girders 
provided for the purpose. 

At Sloane-square a station, 312 ft. long by 50 ft. 
5} in. wide between side walls, is in course of con- 
struction. The platforms will be each 15 ft. wide, and 
the general detaile of the building, roof, &., will be the 
same as those of the Victoria-street station, of which 
we have already spoken. At the Sloane-square station 
the Ranelagh sewer—a sewer with a 9 ft. barrel— 
crosses the line of the railway on the skew, and will 
be condueted over it through a wrought-iron tube of 
67 ft. span. From the Sloane-square station’ to the 
New Brompton-road, the line will pass through brick- 
work-covered way, except: for a few lengths of open, 
not amounting al ogether to more than 300 ft. This 
poe of the work is not yet in hand, but at the New 

rompton-road, near the end of Onslow-terrace, some 
works are in progress, and near this point the cused 
way just. mentioned will terminate, the end —_~ 
with a. bell-mouth opening on the Cromwel~ 





station-yard, which will be between retaining W 
At the works near the New Brompton-road, a greater 
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tity of water is met with than at any other part of 
the line The level of the rails will here be 24 ft. and 
the foundations of the wall 29 ft. below the surface, 
whilst the water is met with at a depth of 9ft. On 
the occasion of our visit to the works, a few days ago, 
the engine, which is kept constantly at work here driv- 
ing a chain pump, had accidentally to be stopped for 
ten minutes, and during this short time the water rose 
7 ft. in the engine-well. We may mention here that 
the pumps employed by the contractors for draining 
urposes at the various parts of the works are all 
Murray’s patent chain-pumps, driven by ordinary port- 
able engines. ese 
The Cromwell-road station, which is as yet not com- 
menced, will be situated near Thurloe-square, and a 
broad new road will be constructed from the Cromwell- 
road to its front in order to give free access to it. At 
Cromwell-road station, the Metropolitan District will 
join the Metropolitan Extension Railway, and at the 
same point will commence the southern of the two 
branches of the Metropolitan District line, which will 
give communication from the “inner circle” to the 
West London Railway. Between the Cromwell-road 
and Gloucester-road stations, the branch and “inner 
circle” lines will run side by side, and the excavations 
for the accommodation of these four lines of rail have 
been commenced near the Harrington-road, whilst be- 
youd the Gloucester-road they are to a great extent com- 
pleted. From the Cromwell-road station to that at 
Gloucester-road, the four lines of rail will pass through 
adouble covered way consisting of two lines of the 
ordinary brickwork-covered way placed side by side 
with a 4ft. 9in. pier between them. Between the 
Harrington and Gloucester roads the works now in 
progress consist of the excavation of the trenches for 
the side walls and central pier, and in order that the 
material taken out may be removed with facility, a 
drift has been driven under the Gloucester-road, 
through which rails have been laid communicating 
with the works beyond. At present, however, the 
system of end excavation is being applied to the cen- 
tral trench only, the material from the side trenches 
being raised to the surface by steam travelling cranes 
running on temporary rails by the sides of the trenches. 
At the Gloucester-road the works of the station are 
in a forward state, the roof of the main part being 
already in course of erection. The station will be 
308 ft. long by 84 ft. wide, this width giving space for 
one 16 ft. and two 14 ft. platforms, besides the four 
lines of rails. The booking-office will be at the end of 
the station, and access to the platform will be obtained 
by staircases leading from a transverse gallery. 
Beyond the station the double covered way has been 
completed for a length of about 200 ft., and at the end 
of this length the extension of the Cromwell-road 
crosses the line at a considerable skew, the angle being 
25°. The face wall at the end of the covered way is 
also on the skew, but its angle is not quite so acute as 
that at which the Cromwell-road crosses, whilst to 
prevent the skew arch at the end: of the covered way 
from being too flat, the shape of the covered way is 
near this point slightly altered, the rise of the arch 
being made greater. At the station there will be, as 
we have already stated, three platforms, and as the 
central one will come between the branch and inner 
circle lines, these lines, of course, become wider apart, 
and the covered ways containing them have to be 
separated from each other as they approach the 
station. This separation thickens the intermediate 
pier, and where this is the case the latter is formed ofa 
pair of side walls, supported by concrete counterforts, 
3 ft, thick, iutzodnced, between them at intervals of 
11 ft. from centre to centre. The spaces between the 
counterforts are filled in with the excavated material, 
Which consists principally of gravel. 
rom the crossing of the extension of the Cromwell- 
road to its junction with the West London line, the 
branch of the Metropolitan District Railway is carried 
im open cutting, that portion reaching from the end of 
the covered way to Earl’s-court having side slopes 
instead of retaining walls. Ata short distance from 
the end of the covered way the branch line leaves the 
imnér circle,” and bends to the west to join the West 
ndon Railway, and here it is again crossed on the 
skew by the extension of tle Cromwell-road. A little 
further on, the branch of which we are speaking is 
— by the northern branch which commences at 
*nsington, and the two run side by side through 
W., scourt, eventually: dividing again to join the 
hte London line, as explained at the commence- 
eut of this notice, and as shown on the map at 
Page 327 of our last number. At Earl’s-court the 


at each? walls commence, and about 80 bays 


side have already been completed. Where 








the LEarl’s-court-road crosses the line, an inter- 
mediate pier has been erected, and the road will be 
carried over the railway by two spans of cast-iron 
girders. A short distance further on, at the Warwick- 
rogd, the railway passes over the Counter’s Creek 
sewer, and at this point, to avoid the necessity of rais- 
ing the rail level, the arched brickwork top of the 
sewer has been cut off and replaced by iron alah the 
diminution of the cross section of the sewer which 
would thus be caused being compensated for by car- 
rying up the side walls of the sewer vertically. 

On the two triangular pieces of pens | enclosed 
between the eastern and western forks of the branches 
connecting the “ inner circle” and West London lines, 
the contractors, Messrs. Peto, Betts, Kelk, and Waring 
Brothers, have formed brick-fields of a very extensive 
character. The supply of clay is obtained from the 
cuttings on the Kensington branch, and each of the 
_ of ground we have mentioned is supplied with a 
arge circular brick-kiln, as well as with the necessary 
drying-rooms, pug-mills, brick-making machines, &c., 
the whole being capable of turning out about 500,000 
bricks per week. ‘The bricks are red bricks of excel- 
lent quality, and they have been used for all the works 
on that length of the line connected with the kilns. 
We are informed that the cost of the brick-making 
plant at these establishments has been about 20,0002, 
and, seeing the great facilities which exist for the 
transfer of the raw material and finished bricks to and 
from the works, we have no doubt but that this has 
proved a very profitable outlay. Whilst speaking of 
the materials employed, we should mention that the 
lime for the conerete and mortar is all ground on the 
works, mills for the purpose being erected at various 
convenient points. The lime used is blue lias, and 
the concrete is composed of one part (by measure) of 
lime and six of gravel. The materials are carefully 
measured out, and are mixed once dry and once 
wet before being shovelled into the place they are 
to occupy, from a stage at the ground level. Some of 
the concrete—that used for the foundations of the 
walls—is composed of six parts of gravel and one of 
cement. The mortar is made of one part of blue lias 
lime and three parts of sand. 

From the brick-kiln at the eastern fork the northern 
branch proceeds to join the inner ciréle line, by the 
side of which it will run first through ordinary double 
covered way, and then through double girder-covered 
way to the yard of Kensington station. The covered 
ways just mentioned are in progress, and, as we have 
already stated, the excavations for them furnish the 
clay for brick-making. 

At Kensington station the northern of the two 
branches of the Metropolitan District Railway which 
connect the “inner circle” with the West London Rail- 
way terminates, whilst the Metropolitan Extension line 
passes through the station and continues its course to 
Notting-hill, Paddington, and Edgeware-road. We 
give, on page 346, a plan of the station and station- 
yard, showing the arrangement of the line and build- 
ing, and from this it will be seen that the north-eastern 
end of the station abuts upon High-street, Kensington, 
under which the Metropolitan Extension Railway 
passes. The main portion of the station is 418 ft. 
long by 90 ft. 2? in. in width between the walls, and 
it is furnished with three platforms and four lines of 
rails. Commencing on the north-eastern side of the 
station, there is, first, a platform 14 ft. wide, then a 
space of 20ft.54in., through which the two lines of 
rails of the Metropolitan Extension Railway pass, then 
a 19 ft. platform, then a space of 9 ft. 64 in., accommo- 
dating one of the lines of rails of the Metropolitan 
District Railway, then a platform 16 ft. wide, and, 
finally, a space of 11 ft. 22 in., in which the other line of 
the Metropolitan District Railway is situated. The 
total length of the station is 468 ft,, the space of 50 ft. 
next the High-street being occupied by the booking- 
offices, &c., leaving, as we have already stated, 418 ft. 
for the accommodation of the platforms. The ar- 
rangement of the booking-offices, &c., will be very 
similar to that adopted at the existing Metropolitan 
Station at Aldersgate-street, access to the platforms 
being gained by staircases communicating with an end 
gallery extending across the station, The two lines of 
the 9 oye District Railway will pass under the 
booking offices, and their ends will be placed in com- 
munication with each other by means of a quadrantal 
turntable, as shown inthe plan. An engine turntable, 
42 ft. in diameter, will also be provided in the station- 
yard at the south-eastern end of the station. The roof 
of the Kensington Station, like those of the other 
stations which we have mentioned, is formed of wrought- 
iron arched ribs ; but as we give illustrations of it on 
pages 348 and 349, and a description on page 350 of 
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the present number, it is necessary that we should say 
more respecting it here. 

We have now given a general account of the works 
in progress in connexion with the Metropolitan District 
Railway, but we fear that the particulars which we 
have laid before our readers will give but a slight idea 
of the many difficulties which beset the construction of 
an underground line through the metropolis. In lay- 
ing out such a line, not only have the levels of various 
streets passed under to be considered, but also those 
of the sewers, these latter often giving considerable 
trouble. At all points in sucha line also are vast 
numbers of gas and water mains, and these have either 
to be carried under or over the railway at the points 
where they occur, or diverted, as the case may be, 
whilst at numerous parts of the works special modes 
of construction have to be adopted. In the case of 
the Metropolitan District Railway all these difficulties 
have been admirably met by the engineers, Mr. 
John: Fowler and Mr. T. Marr Johnson, and their 
designs are being carried out in the best manner 
by Messrs. Peto, Betts, Kelk, and Waring Brothers, 
who are the contractors for the whole work, the 
station roofs and ironwork, however, being executed 
under a sub-contract by the Worcester Engine 
Company (limited). In conclusion, we must ac- 
knowledge the courtesy with which the engineers 
have not only granted permission to inspect the works, 
but furnished us with the drawings from which the 
various illustrations which accompany the present 
notice have been prepared. 








INDIAN COAL AND IRON. 


Ir is with great satisfaction we are enabled to inform 
our readers that there is at last some’ probability that 
the operations of the Nerbudda Coal. and Iron Com- 
pany will be so increased as to lead to a profitable de- 
velopment of those important minerals, coal and iron, 
than which nothing, perhaps, could tend more directly 
to the prosperit ad wealth of India. From the re- 

ort recently submitted to the shareholders of the Great 
Tndion Peninsula Railway, we learn that an agreement 
has recently been entered into by that railway with 
the Nerbudda Coal Company for the supply of fuel for 
their locomotives. The coal mines of that company are 
situated at Mopani, in the Nerbudda valley, distant 
about twelve miles from a point on the main line of 
railway, between Jubbulpore and Bhasawul. The coal 
obtained from those mines is supposed to be the best 
in India, and can be supplied to the railway at about 
25s. per téh, whereas that obtained from England does 
not cost less than about 3/. per ton, including the cost 
of conveyance, so that by the present arrangement not 
only will a considerable impetus be given to the coal 
company’s operations, but a great saving in working 
expenses will accrue to the railway company. By the 
agreement just concluded, it is proposed that the rail- 
way company shall construct, out of their guaranteed 
capital, a branch to connect the main line of railway 
with the coal-pits, and the coal company shall supply 
their coal at fixed rates to the railway company over a 
period of twenty years, in quantities which, it is esti- 
mated, will be at least sufficient for working the 
3374 miles of railway between Bhasawul and Juibul- 
pore. By the present arrangement, it is expected that 
the railway company will save as much in two years 
by the difference in cost of the coals as will pay for 
making the branch railway. Another advantage likely 
to follow upon the above agreement with the Great 
Tndian Peninsula Railway Company is that means will 
thereby be provided to the Nerbudda Coal Company 
as will enable them more fully to develop the iron wd 
of the Nerbudda valley, and thus indirectly lead to the 
more extensive manufacture of iron in India, 
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A Wownperrut EnGine AND Pump.—A professional con- 
temporary, in a notice of “‘ Engineering Progress in Queensland,” 
observes, with respect to the Brisbane bridge: “ The port- 
‘table engine used for removing the water, was made by Messrs. 
“‘ Ruston and Proctor, of Lincoln. It is a double cylinder 10 
‘horse power affair, working up to # presssure of 60 lb., the 
“action being horizontal. It works at an average of sixty revo- 
“ Jutions to the minute, and the spindle of the pump, being turned 
“at an average of 400 revolutions per minute, cast up through 
“ two 4in. pipes a volume of water equal to about 10,000 gallons 
‘per minute.”—[As the delivery would, in this case be at the 
rate of 158 ft. per second through the 4 in. pipes, equal to a dead 
lift of 370 ft., the engine must have exerted considerably above 
1100 horse power, even if no allowance be made for friction.— 
Ep. E. 

Biow1ne Enorxes.—The Lijleshall Company are making 
a pair of beam engines for blowing with 58 in. steam cylinder, 
120 in. blowing cylinder, and 10 ft. Gin. stroke. The same 
makers have made a number of pairs of engines with 48 in. and 
100 in. cylinders respectively, and one of these we shall pro- 
bably illustrate in our next number. 
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KENSINGTON STATION ROOF. 


In the course of our article on the Metropolitan District 
Railway, at another part of the present number, we have given 
some particulars of the station connected with that line 
which is in course of erection at Kensington, and we now 

ropose, assisted by the engravings on pages 348 and 349, to 
easribe the roof by which the main portion of the station will 
be covered. The roof of the Kensington station, like those of 
several other stations on the Metropolitan District Railway, and 
those of the existing Metropolitan stations at King’s Cross, 
Aldersgate-street, and Moorgate-street, is formed by a series of 
wrought-iron elliptical arched ribs, a system of construction 
which enables an exceedingly fine roof to be made with very 
great economy of material. In the case of those stations in 
which the roof springs from near the ground level, the arched 
ribs are secured to castings built into the side walls, the latter 
being assisted in resisting the thrust by the filling in of earth 
behind them. The arrangement of the custings just mentioned 
was explained when we were describing the station at Victoria- 
street, in the article already alluded to. In the case of the 
Kensington station, however, the side walls are carried 
considerably above the level of the surrounding ground, par- 
ticularly on the south-western side of the station, and the 
arched ribs of the roof have, therefore, been rivetted to vertical 
plate girders, built into the walls and secured to castings 
situated below the ground level. On pages 348 and 349 we give 
various views of the details of the Kensington station roof, and the 
arrangement of the standards, which we have just described, is 
clearly shown on the left-hand side of Fig. 13. 

The arched ribs or principals are twenty in number, and are 
arranged at equal distances of 22 ft. apart from centre to centre, 
two rafters, each composed of Z iron, 3 in. by 3 in. by 2 in., being 
= between each pair. The clear span of the ribs is 87 ft. 

fin., and the rise 29 ft., whilst the under side of each is 
formed to an elliptical curve struck from seven centres, the clear 
height of the crown of the arch above rail level being about 
51 ft. 6in., but varying somewhat as the line is on a gradient of 
1 in 250 when it passes through the station. The radius of the 
curve at the crown is 63 ft., whilst on each side of the crown the 
radii are successively 42 {t., 33 ft., and 22 ft. respectively. Each 
rib is 18 in, deep at the level of the gutters, and from this point 
on each side the depth gradually decreases to 16 in. at the crown. 
Below the gutter line the ribs are shaped, as shown in Fig. 13, 
the ends which bear upon the standards being 2 ft. 3 in. wide, 
Each rib is of an J section, the web being }in. thick, and the 
flanges, which are 10 in, wide, are formed ot single plates vary- 
ing in thickness as follows: From the springing to the side lights 
the plates of the outside flanges are 4 in. thick, and from there 
to the crown they are fin. thick, whilst in the case of the 
inside flange the thickness of the plates is ¢ in. at the springing 
and }in. at the crown. The angle irons connecting the web and 
flanges are 34 in. by 3} in. by } in., whilst the rivets are Zin. in 
diameter, and arranged at a pitch of 4in. The arrangement of 
the angle-iron joint covers is shown by Fig. 22. 

Enlarged views of one of the standards adopted for carrying 
most of the ribs are given in Figs. 14 and 15, whilst Fig. 16 is 
a plan of one of the washer-plates through which the holding- 
down bolts of the standards pass. The wrought-iron portion 
of each standard is really a vertical plate girder of I section, 
2 ft. 3in. broad, 13 ft. 4 in. high, and of the same construction 
as the arched rib to which it is rivetted. The cast-iron foot to 
which each of the wronght-iron standards is rivetted is 3 ft. 6 in. 
high, and has a base 6 ft. long by 12 in. broad at the inner and 
18 in, broad at the outer end, the shape of the bottom flange, in 

plan, being the same as that of the washer- plate shown in 

fig. 16, reversed. For principals Nos. 13 to 19 inclusive, 
counting from the north-western end of the station, the webs 
and feathers of these castings are 14 in. thick, and the flanges 
Ijin. thick; for principal No. 20, however, and for Nos. 5 to 
12 inclusive, the thickness of the castings is made 4 in. less 
throughout, whilst for principals Nos. 1 to 4 inclusive the webs 
of the castings are made { in. and the flanges 14 in. thick where 
rivetted, and 14 in. thick at other parts. In the case of prin- 
cipals Nos. 2, 3, and 4, one end of each rib comes opposite a 
portion of the station wall through which an opening is made to 
give access to the staircases, and each of these principals is 
therefore provided, on one side of the station, with a standard of 
a special form. One of these standards is shown by Fig. 25, 
and from this it will be seen that the wrought-iron portion is 
omitted, and the casting increased in height to6 ft. The foot is 
also increased in length to 7 ft. 14 in., so that it spans the stair- 
case, as shown in Fig. 25, this horizontal portion being 2 ft. 
deep. The webs of these special standards are fin. thick, and 
the flanges 1} in. thick where they are rivetted to the ribs, and 
14 in. thick at other parts. The width of the flanges is 12 in., 
except at that part which rests on the outer side wall, where 
the width is increased ‘o 18 in. 

Each standard is held down by three 13 in. square bolts which 
pass down through the side walls and a washer-plate imbedded 
in it, and are secured by a cotter below, as shown in Fig. 13. 
In erecting the roof, the standards are set with an inclination 
inwards at the top uf from }in. in the case of the shortest to 
din. in that of the longest, and a temporary wooden packing 
piece is then placed between the cover of each standard and the 
toe of each principal, of such thickness that it, together with 
the overhang just mentioned, will equal 13 in. Thus the thick- 
ness of the packing will vary from 1 in. in the case of the short 
to fin. in the case of the long standards; and when the prin- 
cipals are completely rivetted 1p, the packing pieces are removed, 
the principals sprung into place, and the covers rivetted. The 
inner sides of the standards are flush with the inside of the side 
walls of the station, and they are each covered by an ornamental 
cast-iron bracket and pendant of neat design, extending from 
the springing of the arched rib to within about 5 ft. of platform 
level, as shown in Fig. 13. The spaces between the outside of the 
arched ribs and the side walls of the station are also filled with orna- 
mental brackets of cast iron, these brackets and the others just 
mentioned being shown to an enlarged scale by Figs. 11 and 12. 

The side walls of the station are of brick, and the lower parts 
are built in panels, the thickness at the panels being 14 in., and 
between them 2 ft. 3in. Above the string course the thickness of 


form the piers for the long standards supporting the principals, 
their thickness is increased to 6 ft. as shown on the left-hand 
side of Fig. 18, and they are founded on a bed of concrete 8 ft. 
wide. On the north-eastern side of the station the external 
ground is considerably above rail level, and hete the side wall is 
backed with concrete 3 ft. 9in. thick, the top of the concrete 
being sloped off and protected by a layer of asphalte 3 in. thick. 
A series of 4 in. drain pipes are provided at the back of the con- 
crete, these beifig arranged in a similar manner to those of the 
side retaining walls at other portions of the line. 

The purlins by which the principals and rafters are con- 
nected longitudinally are of two kinds; the common purlins, of 
which there are four lines on each side of the centre, being con- 
structed as shown in Fig. 18; and the lattice purlins, one of 
which is carried along each side of the roof at the level of the 
gutter, being made in the manner represented by Fig. 17. Each 
common purlin consists of a T-iron, 4in. by 3in. by 4 in., 
trussed by an iron rod 1,3,in. in diameter. The ends of the 
T-iron are secured to the principals by a pair of 4in. by 4in. 
by Lin. angle irons, to which the ends of the truss-rods are also 
cottered, as shown in Fig. 18. The lattice purlins, shown in 
Fig. 17, are 4ft. deep, and are each composed of a top angle 
iron 3in. by 3in. by in., a bottom angle iron 3in. by 3in. by 
}in., and an intermediate lattice bracing of flat bars, each 24 in. 
by gin. The lattice purlins are laid flat on the outside of the 
principals, 

The roof is lighted by the skylights of the raised central 
lantern, and by side skylights which extend, for a width of 
about 17 ft. on each side, the whole length of the roof, except 
the two end bays. The remainder of the roof is covered with 
zine laid upon 1} in. tongued and grooved boarding, liners, 1} in. 
thick, being interposed between the boarding and the principals 
and rafters. The construction of the side skylights is shown 
by Figs. 23 and 26, as well as to a smaller scale by Fig. 13 and 
from these views it will be seen that the space between the 
lower edge of the lower skylight on each side and the surface 
of the roof is left open for the purposes of ventilation. The 
glass with which the skylights are glazed is rough plate glass 
2 in. thick, and those sash bars which come opposite the prin- 
cipals and rafters are 2in. by 2in. by ,§;in., the intermediate 
ones being 1} in. by 1}in. by 3,in. The gutter carried along 
each side within the parapet wall js of cast iron, and is Gin. 
deep by 9in. wide. It is carried by T and angle irons reaching 
from the walls to the principals and rafters respectively, and is 
provided at each bay with a 4}in. drain pipe. The end of one of 
the gutters is shown in elevation and section by Figs. 8 and 9. The 
construction of the central lantern is shown by Figs. 7, 10, 13, 19, 
and 20, the two figures first mentioned being respectively an 
end elevation and section of the open end of the lantern. 

The illustrations on page 348 refer principally to the gable at 
the south-eastern end of the station, Fig. 1 being an elevation of 
that gable, looking from the inside, and the other figures show- 
ing various details. The bottom of the gable is formed by the 
horizontal lattice girder, shown in plan in Fig. 2 and in section 
in Fig. 8. This girder is 3 ft. 1 in. deep horizontally, whilst the 
flanges are each formed of a plate, 8 in. by 4 in., and two angle 
irons each 3 in. by 3 in. by ,7,1n., and the lattice bracing of flat 
bars each 2 in. by vs in. Midway between the two flanges there is 
rivetted to the upper side of the lattice bracing a line of tf irons, 
5 in. by 241m. by 3 in., the lengths of T iron, of which th!s line is 
composed, being vent up at their ends to join the radial struts 
reaching to the main rib. These struts, as well as the inner 
elliptical arch, by which the gable is divided into panels, are 
each composed of a pair of 5 in. by 24 in. by 3 in. T irons, con- 
nected by fin. rivets placed at Qin. pitch, the arrangement of 
the T irons at the points of junction of the radial struts and 
arched ribs being shown to an enlarged scale in Fig. 5. 
The sash bars are made in one length from the main rib to 
the inner T iron elliptical rib already mentioned, and in another 
length from this inner rib to the horizontal lattice girder, each of 
these lengths being, however, intercepted by elliptically arched 
cross bars, into which the sash bars are notched. Both the 
sash bars and cross bars are of T iron, 1}in. by 1} in. by +s in., 
and the sash bars are secured to the T irons by a single ;°, in. 
rivet ateach end. The gable is glazed with rough plate 3 in. 
thick, each sheet being held in its place by a couple of ;*s in. pins 
passing through the sash bars on each side of it. The upper 
ends of the spaces between the lower sash bars have an arched 
form given to them by pieces of sheet iron, No. 16 wire gauge 
thick, rivetted to the sash bars against the inner side of the 
double T iron arched rib. In order to enable the gable to resist 
the pressure of the wind, it is furnished at the centre, and at 
points about midway between the centre and springing, with 
radial wind trusses extending from the main rib to the horizon- 
tal lattice girder. The arrangement of one of these trusses is 
shown in Fig.3, and they each consist of a 1 in. tie rod, the ends 
of which pass through the lower flange of the main rib and the 
flange of the T iron rivetted on the upper side of the lattice 
girder respectively, whilst near the middle of its length the tie 
1s strutted from the intermediate arched rib which divides the 
sash bars into two lengths by a strut 1}in. in diameter, The 
gable is also stiffened by diagonal bracing composed of 2 in. by 
din. flat bars arranged as shown in Fig. 1. 
In the case of the screen at the north-western end, the glazed 
rtion only extends down as far as a line of 5 in. by 24m. by 
oT iron carried across the gable 17 ft. above the string course, 
the remainder of the gable being closed in by that part of the 
station buildings containing the booking-offices, &c. At the pre- 
sent time these buildings have not been erected; but the other 
parts of the station are in a forward state, whilst several of the 
arched principals of the roofs are already in place. Although the 
central part of the station is as yet encumbered by scaffolding, 
a very good idea may be formed of the appearance which the 
whole will have when finished ; and the lightness and simplicity 
of the structure is already clearly displayed, the entire 
absence of transverse ties giving it a particularly bold and 
elegant appearance. The contractors for the Kensington station 
roof are the Worcester Engine Co. (Limited), who are also put- 
ting up the roofs at the other stations on the line. The designs 
for all the roofs are of course those of the engineers to the Metro- 
politan District Railway, Mr. John Fowler and Mr. T. Marr 


SANITARY IMPROVEMENT. 

Now that the subject of town drainage, and the 
utilization of sewage, is everywhere attracting great 
attention, it is important that all schemes for effectine 
those objects should be made as widely known as pos- 
sible; and it is with that object in view that we now 
give insertion to a brief account of the nature and 
character of the operations of the National Sanitary 
Improvement Company. 

tn the words of their prospectus, this company has 
been established for the sanitary improvement of towns 

arishes, districts, public and private institutions, &e., 
by the application of a deodorizing material which at 
once absorbs and temporarily fixes the noxious gases 
arising from all fecal matter, and by the separation of 
the water in a pure state from the sewage. The ex- 
perience gained in the successful working of several 
Government contracts, and in dealing with the sewage of 
towns on the “ separation principle,” has demonstrated 
the superiority of the system adopted above all others; 
while the manure manufactured by the company is 
comparable with the best artificial composts now so 
ee in demand; the truth of which latter statement 
is fully borne out by the numerous testimonials from all 
parts of the country, received from those who have 
actually tried it. 

The company is at present engaged at the following 
military stations, viz., Sheerness, Hounslow, East- 
bourne, Weymouth, and the Curragh Camp ; and they 
have been invited by the Government to tender for 
every military station in Ireland, the Isle of Wight, 
and for Aldershot. Stores have now been opened, and 
depéts established, at Brentford, Brighton, Maidstone, 
Newport, Sheerness, Hounslow, Eastbourne, Wey. 
mouth, and the Curragh Camp. 

The method of deodorising adopted at the various 
military stations in England and Ireland differs in 
some respects; but the following description of the 
plan, as it is carried out at the Curragh and Shorneliffe 
Camps, will sufficiently illustrate the general principle 
of the company’s proceedings. 

The various latrines are provided with galvanised 
iron pans, capable of holding from two to three hundred 
gallons each. These are placed upon trollies, or are 
themselves provided with wheels, which are arranged 
to run on tramways below the various closets. At the 
Curragh the pans have wheels; at Shorncliffe the pans 
are simply square boxes on trollies, closely resembling 
military coal-scuttles. In either case they are drawn 
out by a horse on to platforms at either end of the 
latrines. 

Before being run into position for use, the pans are 
covered to a certain depth at the bottom with charcoal 
specially prepared for the purpose by the company, 
and the sides are dusted with the same material. Other 
deodorants than charcoal are sometimes used, depend- 
ing for their value, firstly, on the dryness and porosity 
of their nature, and, secondly, on their chemical com- 
position, the former quality imparting —— fit- 
ness, whilst the latter aims at the improvement of the 
manure to be subsequently manufactured from the 
deposits. 

ivery day the accumulated fecal matter is covered 
at least twice, and sometimes oftener, with the 
deodorant; and, when the emptying of the pans be- 
comes necessary, it is effected without offence of any 
kind, and the manure subsequently manufactured from 
it, by the mixture, in certain proportions, of superphos- 
hate of lime, and sometimes also cotton shoddy, ranges 
in value from 4/. 10s. to 72. per ton. 7 
Cesspools are treated in a manner somewhat similar 
to the above; but it is advisable that for such purpose 
they should be constructed shallow, and be frequently 
cleansed, which, by this system, may be effected by day 
as well as by night. : ; 
For further particulars regarding the operations of 
this company, reference should be made to the secre- 
tary, at their offices, No. 37, Arundel-street, Strand. 





SHIPBUILDING ON THE CLyDE.—Ciyde shipbuilding has, 
during the last month, been carried on with a little more energy. 
The unfortunate lockout, which has now terminated, kept many 
orders out of the Clyde shipbuilders’ hands, and it is 7 pro- 
bable that business will be very dull this winter, unless a chance 
in the demand of shipping takes place. Work on — ~ 
disappearing. We give the following list as the actua = : 
bers and tonnage of vessels launched during October in contras 
with months of 1865 and ’64: 


Vessels. — 

Month ending October 31, 1866 22. ee 
1865 -. wm 13,63 

4 “4 1864... 17 13,410 

7 > x. 162 95,700 

Ten months o 1866 ... 162 100 

1865 218 127, 
ss “ 1864 ... 182 146,300 
It will ‘be seen from’ the above, that there has been — 








the walls is 14in., and this portion is pierced by a series of side 
lights on each side of the station. At the points where the walls 


Johnson, to whom we are indebted for the use of the drawings 
from which our illustrations have been prepared. 





falling off in the northern shipbuilding trade, at least 
regards the Clyde. 
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WATER-JET FORMULAE. 2 


In the course of our article on the water-jet pro- 
Jler, on page 314 of our last number but one, we 
stated that: “The size of the nozzles being fixed, 
“there is but one quantity of water, and, therefore, 
“but one velocity of discharge, which would ‘exactly 
“ work up to a given horse power;” in otliér words, 
if the actual power developed bythe pumping ma- 
chinery, the area.of the discharging’ nozzles, and the 
density of the water be known, we-have suffieiént data 
to enable us to calculate the thedretical’efiluent velocity 
of the jets. We believe, howe¥er, that‘the waiitier in 
which this result can be obtained is 106 generally 
understood ; and we now propose, therefore, to explain 
the method in which the calculation can bé.carried out. 
Let P=the number of foot-potmdg of work developed 
by the pumping machinery in one second; ‘W; the weight 
in pounds of water passed through the nozzles pér 
second; V, the effluent velocity of the Water, in feet per 
second ; and H =the head of water, in-feét, necessary to 
produce that velocity. Let, also, A=the combined area 
of the discharging nozzles in sqiare feet; w=the 
weight of a cubic foot of water; D=the effluent 
velocity (expressed in feet per second) that would be 
necessary to discharge from the nozzles 1 Ib. of water 
er second ; and g=the force of gravity. Then we have 
p. A, and w, as known quantities, and it is required to 
find V. In the first place it will be convenient to find 
F, and this can be easily done by the self-evident 
formula : . 


rags ose (1). 


w 
We may next proceed to find H, as, this quantity 
being ascertained, the velocity, V, can be calculated by 
the ordinary formula for the velocity of falling bodies, 
V=/%H we 1 Op 
If g be taken as 32—an approximation: which is suffi- 
ciently exact for most practical. purposés—the ‘above 
formula may of course be atest to ‘the more simple 
one, 
V=84/H ... Bh 
Now in order that all the water raiséd by the pump- 
ing machinery may be discharged,sif. is ‘evident that 
V must be as many times greater than D as W is 
greater than 1 lb.; or that 
V=WD ee. coo jae) 


But as 
P=H W odo Cees ADD 
therefore, 
a (6). 
Combining the two equations (3) and (6), we have 
ns 
&/H=>, ~ & 


And transferring the 8, and multiplying both sides by 
H, we have, 


/p=tP vcs), 


in which all the quantities on the right-hand side of t! | These extensive cémpetitive’ trials are HOw drawing to 


equation are known. For. convenience of calculati: 
the equation may be arranged thus : 


3 2 2 
H=/ = “a 
The head of the water being found, the velocity, V, 
can, as we have already stated, be easily calculated by 
the formule (2) or (3), the velocity of the issuing 
water being equal to that which would have been 
required by a body falling from the height H. The 
formula (9) is founded on formula (3), in which the 
value of g is taken as 32, and it will, therefore, give 
the height, H, slightly—but very slightly—in excess. 
The approximation is sufficiently close for almost all 
practical purposes ; but if greater exactness is required, 
it can be obtained by coubiniy formule (2) and (6), 


thus : 
PD 
/Fi=4- (10). 


This formula becoming, by transposition, &c., 


H=/@ DY (uu), 





= (ee =v 64.13" = 4/ 4112.6569 


power of the engines. Under, these circumstances, 
the number of effectual foot-pounds of work exerted 
375. 000 

1% SSO = 200250, and 
this quantity would, therefore, be the value of P. For 
sea-water, the value of « may be taken at 64 1b., and 
the value of D would therefore be (according to for- 


mula (1) ), inthe case of the Waterwitch, = 


per second would be= 


6.28 x 64 
Substituting these quantities 


my 


— z or, s x 
= 401.9" °% 49> 409" 


for thtir.corresponding le in formula (9), we get, 


B's ox ‘hie, < 
+16, nearly; and the velocity} Vedue to this height 
would, by fpemula (3); ‘be S2.ft. pér second, as stated 


in our previous article. 


THE GREAT INDIAN PENINSULA 
RAILWAY. 


Az last we are enabled to record the long-looked-for 
event of one of the guaranteed Indian railways declar- 
ing a dividend, above the amount of. the Government 
five per cent. guarantee. The large increase of goods 
traffic on the Great Indian Peninsula Railway, conse- 
uent on the demand for Indian cotton, which resulted 
rom the failure of the American crops, at once led to 
the expectation that that line would be the first to 
relieve the Indian Government from any payments on 
account of guaranteed interest. This ‘surplus profit, 
it must be *emembered, has been obtained from the 
working of a line as yet incomplete, and of which only 
700 miles aré*at present open for traffic, out of a total 
of 1266 milé$ sanctioned; the whole of which, how- 
ever, it is corifidentially expected, will be completed in 
1869, as the works are now progressing at nearl 
everypoint, and the line to Nagpoor will be complete 
by the close of the present year. It is not to increased 
receipts alone that ‘the pees ge is indebted to a divi- 
dend ‘exceeding five per cent., but in a good measure, 
also, to a considerable reduction in working expenses ; 
thus the amount paid for coal, coke, &c., during the 
past half year was 77,600/., against 85,500/. for the 
corresponding half of 1865, owing, not to decreased 
consumption, but the reduced price paid for them ; 
and a still turther considerable ‘reduction will probably 
appear under this head alter the Ist March next, from 
which date such supplies will be ‘obtained from the 
Nerbudda Coal Company.’ The'cost of maintenance 
of way was reduced from 12.75 per’ cent. to 9.86 per 
cent. in the past half year; but’ the ‘most satisfactory 
feature in the expenditure is a considerable reduction 
in the sums paid for compensation, which had been 
reduced from 5,22 per cent. of the receipts in the cor- 
responding half of 1865, to 0.93 per cent. in the past 
half ‘year, a great portion of which was for settlement 
of claims in former half years, 














Triats oF BrREECH-MOADING GuNs IN’ VIENNA.— 


a conclusion. The commission having’ decided upon 
the adoption of the’ American rim-fire cartridge, all 
needle guns and a great number of other constructions 
have been set aside in consequence. The number of 
guns under test has dwindled down from day to day 
until at present there is only the Remington and the 
Peabody gun competing with each other with almost 
equal chances on either’ side. ‘Upwards of 2000 
rounds have been fired from each of the two guns 
without the slightest detefioration. Cartridges have 
been filed through at the back, and then fired, to test 
the chances of an accident from the bursting of the 
copper shell; but both guns withstood the firing with- 
out ye any causes of danger for the soldier. It 
is still doubtful which of the two will ultimately 
gain adoption by the Austrian War-office, but the 
decision is expected very soon. Immediately after that, 
very extensive orders for guns and ammunition will be 
given out. ‘It is expected that all barrels will be made 
of steel. The bore will be considerably reduced, and the 
manufacture of rifles by machinery will be taken into 
consideration. A novelty of specific Austrian origin is 





24 
in which the quantity 9 can be taken with any requir: 
degree of accuracy. 

The mode of calculation which we have above « 
plained will, perhaps, be rendered clearer by an ex 
ample, and for this purpose we will take the particu!a 
of the Waterwitch as given in the article to which 1 
have already referred. In that article the-area of t! 
jets was given as 6.28 square feet, and the powe: 
ellectually expended in raising the water was assume! 


to be 375 horse power, or half the total indicated 


the manufacture of cartridge shells of Bessemer steel 
‘astead of copper. The steel isrolled in thin sheets, and 
its great ductility is taken advantage of to produce the 
| cartridge shells of this material. To prevent oxidation, 
| the steel, shell is coated inside and outside witha 
| suitable varnish. ‘These cartridges are said to be 


much cheaper, and also much stronger, than the copper? 


cartridges, and trials will be made to establish their 
qualities and value. The Bessemer steel for these 
cartridges is produced in Austria from Styrian charcoal 


SHAND AND MASON’S STEAM FIRE- 
ENGI 


On page 188 of our last volume we gave an illustration, ac- 
companied by a complete description, of a steam fire-engine, 
with a vertical pump and steam. cylinder, made by the well- 
known makers, Messrs. Shand, Mason, and Co,; and we now 
ve, on the following page, an engraving, prepared from working 
jrawings, of another steam fire-engine constructed by the same 
firm. This engine is one of three of the same class made last year 
for the Bombay, Baroda, and Central India Railway Company, 
and intelligence from the officers of the company respecting their 
safe arrival in India and their highly successful working, has 
just arrived in this country. The foilers of these engines are of 
the same construction as that of the engine previously described, 
but the arrangement of the pumping machinery is different, the 
pumps and steam cylinders being in this case horizontal. 

Each of the Bombay and Baroda Railway Company’s engines 
has a single cylinder 8}in. in diameter and 9 in. stroke, this 
cylinder being firmly secured to the front of the boiler by a brass 
casting, which also forms the back cylinder cover. The pump, 
which, with its piston, covers, &c., is formed entirely of brass, 
is situated at the front end of the engine, and it and the steam 
cylinder are connected by framing which also forms the frame 
of the machine, the fore carriage being attached to the under 
side of the pump.. The pump is double-acting, and its barrel is 
7 in-in diameter, whilst, as)the rod of its piston is coupled direct 
to the rod of the steam piston, its stroke is of course the same 
as that of the latter, The pump piston is packed with a pair 
of cupped leathers, and the suction and delivery valves are of 
india-rubber, and are arranged in chambers above and below the 
pump barrel, as shown in our engraving, from which it will also 
be seen that there is a spacious air-vessel on the delivery side. 


The rods of both the steam and pump pistons have T ends 
forged on them, these ends being bolted together, and forming a 
link in which a block embracing the crank-bearing works. The 
crank-shaft is supported by bearings fixed to the side frames of 
the engine, and is Papen with a fly-wheel, not shown in the 
engraving. The slide valve is of the ordinary kind, and is driven 
by an eccentric on the crank-shaft. The boiler is, as we have 
a weer bein of the same construction as that which we fully 
deseri the.course of our account of the vertical engine 
already referred to, and therefore it will be unnecessary for us 
to repeat all the particalars here. We may, however, state that 
it has vertical tubes connecting the firebox with a submerged 
smokebox, as shown in the engraving, and that its water space 
is diminished, and its steam space increased, by the formation of 
a cag se steam chamber around the tubes, this chamber, 
which is formed of thiv ape being connected with the steam 
space at the top of the boiler by suitable pipes. 

The first engine of the class which we have described, con- 
structed by Messrs, Shand, Mason, and Co., was supplied by 
them to the London Fire Brigade in 1860, and is now in use by 
the Metropolitan Fire Brigade. Several others have since been 
made for the London and North-Western Railway Company, 
and a large number sent to Russia. Some of the horizontal 
engines made by Messrs. Shand, Mason, and Co., are furnished 
with two steam cylinders and two pumps, and they liave at the 
present time some engines of this latter kind in hand. 








SUGAR. 
To Tue Epiror or ENGINEERING. 


Str,—You favoured us, on the 2nd, with some particulars of 
‘* Roberts’s Diffusion Process.” Will you oblige us with some 
further information? No doubt Mr. F. T. V. Minchin, ‘* who,” 
as you state, “is at present in Europe,” has “ obtained excellent 
results,” and, therefore, he can supply us with some excellent 
facts, to guide us to a correct conclusion. We are already well 
aware that by the present miserable process the sugar-cane- 
planter loses more sugar than he gets. Yet, I apprehend, it is 
not quite clear that the process of M. Roberts is a desirable 
remedy, or that itis even a remedy ; but the statéstics which Mr. 
Minchin must have accumulated in Madras, when arriving at 
those “excellent results,” which guided him practically to a 
decision, can, of course, be the most suitable, because practical, 
and a satisfactory guide to others also, whilst their absence must 
leave us in that darkness of doubt of its practicability which 
experience suggests. 

I am, Sir, 
Yours respectfully, 

. 75, Herbert-street, Wiiu1aM EatHorne GILL. 

London, N.,; 7th Nov., 1866. 








RAILWAYS IN LONDON. 

To True Eprror or ENGingeErine. 
Srr,—Your description of the inner circle railway, in this 
week's ENGINEERING, induces me to urge in your columns the 
establishment of a service of trains over the existing railways 
completely round London, Thus, omg om, from Farringdon- 
st the train would en through’ Ludyate-hill, Borough, 
Walworth, Camberwell, Brixton, Clapham, Wandsworth, Bat- 
tersea, Chelsea, Kensington, Notting-hill, ro and by 
the Metropolitan Railway, back to its point of departure, and 
carry an enormous. traffic, whieh | the present disjointed service 


can never do. rt} 
; Sites Your obedient Servant, 
Notting-hill, London, W., November 3, 1866. NEmo. 


Tue Puace pr wEvrore Bripce.—At the meeting of 
the Society of Engineers, on Monday evening, Mr. Zerah Col- 
burn in the chair, Mr. Thomas Cargill read a paper of great 
length upon the railway bridge in course of construction in the 
, Place de l'Europe, Paris, and which has been already so fully 
“described in our columns that, although we had put the paper 
in typé, swe think it too long and of hardly su cient interest 
for our readers. The bridge was somewhat sharply criticised, 








iron, and is of a very high quality. 


chiefly for being over strong. ‘The discussion was adjourned for 
the next meeting. 
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STEAM FIRE-ENGINE. 
CONSTRUCTED BY MESSRS.”SHAND, MASON AND CO., FOR THE BOMBAY, BARODA, AND CENTRAL INDIA RAILWAY. 
(For Description, see preceding Page.) 
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PUBLISHER’S ANNOUNCEMENT. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.M.on Thursday. The charge for ad- 


vertisements is three shillings for the first four lines or under | 


and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING. to annual subscribers, re- 
ceiving stamped copies at places three miles away from th: 
General Post Office, is 11. 1s. 8d. 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to M, 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, Bedford 
street, Strand, W.C. 


ENGINEERING is registered for transmission abroad, _ 


Mr. Colburn begs to state that no person named Hudson, or 
Hobson, is authorised to represent him in Switzerland or else- 
where, and that each of the several Continental contributors to 
ENGINEERING has letters from this office stating their 
position. 


D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
Sor this paper. 


MEETING NEXT WEEK, 

Tne InstiTuTION oF Civit ENGINEERS.— 7'uesday, November 13, at 
Sp.m.. 1. “ Results of the Employment of Steam Power in Towing 
Vessels on the Gloucester and Berkeley Canal.” By W. B. Clegram, 
M. Inst. C.E. 2. ** On the Employment of Steam Power on the Grand 
Canal, Ireland.” By Samuel Healey. 


ENGINEERING. — 


FRIDAY, NOVEMBER 9, 1866. © 
LOCOMOTIVE ENGINES. 


A REVOLUTION must yet take place in the construc- 
tion of locomotives hardly less complete than that 
which we have witnessed in ships of war. When en- 
gines, a few years ago, were occasionally made to weigh 
25 tons, there was a great outcry as to the excessive 
strains which they put upon the way. But we were 
never increasing the mel of engines more rapidly 
than now, and there are already two eight-coupled en- 

ines on the Great Northern Tine, and others on the 
ale of Neath, which weigh each 56 tons. The North 
London and the Metropolitan passenger engines weigh 
42 tons, with 30 tons on the four coupled wheels, and 
it is clearly apparent that heavier and heavier engines 
will yet be required for all the great main lines. Upon 
the present plan we caunot greatly increase the power 
of the boiler. Its diameter is already as large as the 
room between the wheels will admit. It is of no use 
to greatly increase the length of the tubes. The heat- 
ing surface thus gained is of very little: value, and 
extra strength of blast is requisite to pull the gases 
through under the increased tube friction. Even fora 
mechanical reason long tubes are objectionable, as they 
are apt to sag and work loose in the tube plates. A very 
arge firebox, without increased tube suriace, is also of 
littleuse. The French engineers have met the question 
of larger engines in a bold and even ingenious man- 
ner, as illustrated in M. Petiet’s engines, engraved 
in our last number. But here there is a good deal to 
object against. To clear the wheels, the firebox and 
boiler are placed entirely above them, and thus almost 
any width of grate and any diameter of barrel may be 
had. But the result is a mountain of machinery 12 ft. 
high, and liable to roll heavily and dangerously at 
moderate speeds. Again we are still increasing the 
working steam pressure. Steam of 160 |b. is regularly 
carried on several lines, and new engines for one of the 
great metropolitan lines are being designed to work at 
180 Ib., and, possibly, 2001b. Very large barrels are 
hardly compatible with great pressures. Then there 
are objections to the mode in which the French engines 
are carried; for, whether they have ten or twelve 
wheels, the axles are parallel, and the engine must 
Strain the line in moderate curves. We are not object- 
ing to their four cylinders and double sets of driving 
and valve gear, for we doubt whether the great tractive 
force we have considered can be so well obtained with 
two cylinders as with four. Great steam tractive 
force a to great adhesion weight, and unless 
the weight be excessive, say 8 tons to 10 tons upon a 
single wheel, this can only be utilised by coupling or 
by additional cylinders. The objections to pa. Ta 
eight wheels together are manifest, although it is often 
done on the Continent and in the States, and occa- 
sionally in England. Indeed, one engine has been 
tracted in the States with twelve coupled wheels, 
worked by a pair of 20 in. cylinders. With asingle 














If credit be given, the charge | 


regulator and reversing gear, we believe there need be 
no objection to four cylinders upon a locomotive, and 
we hear no complaints upon the score of complication 
in the case of the four cylinder engines now fitted to 
twin-screw steamers. 

| Mr. Fairlie has grasped the whole subject of heavy 
| locomotives in a sensible and practical manner, and 
we learn that, in addition to those he is already work- 
ing, he is designing one of 72 tons weight, which is to 
be built with the expectation that room will be found 
for it in the Paris Exhibition. By his plan of double 
bogies of coupled wheels, each driven by a separate 
pair of cylinders, he not only distributes the weight of 
the engine, however great, upon eight or twelve points, 
as required, but he obtains great ease of working 
around very short curves, the governing wheel base 
being that only of each bogie, which need measure but 
from 5 ft. to 10 ft., according to the size and number 
of the wheels. As the firebox comes entirely between 
the bogies, it may have any width required, up to 7 ft. 
or 8ft., if such a width were necessary; and as the 
boiler has two barrels, a vast extent of effective tube 
surface is obtained with a moderate diameter of boiler. 
In the case of the proposed new engine, with four 
cylinders 18 in. in je arg for 24in. stroke, and 
having two bogies, each with three pairs of 4 ft. 
coupled wheels, the firebox is to be 12 ft. long by 
4ft. 6in. wide outside, with grate-bars sloping down 
each way from the centre, where it is fired, and the 
twe barrels, each 4 ft. 4in. in diameter, are to have 
together 408 tubes 2 in. diameter and 11 ft. long. The 
centre of gravity of the whole engine.is low, and the 
footplate will be on the top of the firebox. In all its, 
broader features the system appears to be that upon 
which all very heavy engines—and such engines are 
noW more and more in request—should be constructed. 
The plan involves, however, important points of detail. 
The steam is to be taken through the bogie centres, 
and here stuffing boxes are necessary, although the 
motion will not amount to the one-hundredth part that 
of the trunnions of an oscillating engine. The bogies, 
furthermore, will be connected, as in all Mr. Fairlie’s 
engines, by a framing through which to transmit the 
pull of the engine, without straining the boiler; and 
not only musi this framing accommodate the pivoting 
motion of the; bogies, but it must also directly bear a 
share of the weight. The success of the system will 
turn, we think, upon the strength, simplicity, and 
durability of the framing. . We need not here describe 
it, as we have.illustrated it in a former number of 
this journal. It certainly is less simple than the ordi- 
nary construction, and it presents points ‘upon which 
questions might be raised as to fitting and wear. But 
we hear that the quadrants, and. their sliding blocks 
which connect the two: bogies in one, have an- 
swered well in use: and it is clear that, should 
they fail to give satisfaction, a continuous framing 
might be employed to connect the bogies by their 
centres, aud to.transmit the weight to the centre of 
one bogie and to the. sides of the other, thus carry- 
ing the whole upon three points, as in the North 
London and in all American engines. There need 
be no fear of applying the whole pull of one pair of 
cylinders through a properly made bogie centre. The 
continuous framing eka be made to give great longi- 
tudinal support to the boiler, even if: it did not dis- 
tribute the weight at any point intermediate between 
the centres of the bogies. We have known very long 
fireboxes to. be wholly unsupported by the framing, 
and to remain tight and strong; and we can seen how 
a boiler made as in Mr. Fairlie’s design might be sup- 
ported without any undue strain upon two points 20 ft. 
apart. We have touched upon these few points of 
detail, not.from any doubt that the. principle of the 
double bogie engine may be worked out in the most 
complete and successful manner, but because they are 
in any case of great importance, and becausé even 
further improvements may probably be made in the 
plans, which, as now carried out in practice, give so 
much promise of good results. 





THE MONT CENIS ROUTE. 


Tue river Arc, which was the scene of such a 
disastrous flood on the 25th September last, takes its 
rise in the south-eastern part of Savoy, at the foot of 
Mount Iseran. From Lanslebourg to its junction 
with the Isere at Aiguebelle, it may be said to hug the 
Mont Cenis road all the way. From Lanslebourg to 
St. Michel it falls at an average rate of 1 im 50. In 
many parts the valley is so narrow that there was 
just space for the road and the river. 

For several days previous to the 25th September the 





atmosphere was very sultry, causing the glaciers to 


melt freely, while at the same time the rain descended 
in torrents. The flood thus occasioned, and which 
washed away so much of the road, is said to be un- 

recedented, and the havoc it made may, no doubt, 
be accounted for by the fact of the combination of a 
heavy flood and the backing up of the waters behind 
a dam raised in the bed of the Arc, near the village of 
Solaires, where a mountain gorge, though generally 
dry, discharged, on the day in question, such a torrent 
that immense landslips, consisting chiefly of gravel and 
boulders, were brought down by it and deposited in 
the bed of the river. This accumulation went on till 
the waters rose so high as to leave their mark on the 
sides of the houses 12 ft. above the surface of the road, 
and 26 ft. above the ordinary water level. Imme- 
diately above Solaires the valley widens considerably, 
so that before the waters reached their extreme height 
a tremendous reservoir was formed, the discharge of 
which, when the dam burst, was the cause of the 
sweeping desolation which followed all down the valley. 

The government road between Solaires and St. 
Michel was to a great extent supported on the river 
side by dry stone walls, and, in from fifty to sixty 
places, these were breached in. Generally speaking, 
these breaches were made where the river impinged at 
an angle upon the road. In several instances they 
occurred in the straight runs, but were there oc- 
casioned either from projecting rocks on the opposite 
side or large boulders in the river deflecting the 
current against the walls, In cases where there was 
just room in the valley for the river and the road, con- 
siderable lengths, of the latter are entirely swept 
away, and- the’ river -bed alone oceupies the space 
from. toe. to toe of. the mountains. At two points 
where road_ bri spanned the river, the railway 
company Had built a bridge in each case a little on the 
up-stream side of the road crossing. In one case the 
road bridge was swept away, and the railway bridge is 
now being used for the road traffic, while in the other 
the railway bridge is. gone, and the road bridge is to 
be adapted to both traffics. It is instructing and, at 
the same time, humiliating to notice that the more 
substantial bridges, with stone abutments, have been 
carried away, while not a few flimsy-looking timber pile 
bridges have stood. One of these timber bridges, 
built for the railway, had two piers carried away by 
boulders, and the roadway was left 6 ft. off the perpen- 
dicular. It has since been pulled into its original 
position, trussed and strutted, and is now carrying the 
road traffic. Besides the gorge at Solaires, there are 
many others which deposited large quantities of débris 
in the Arc, and wherever these occurred the waters 
were dammed up and deflected, and their powers for 
destruction considerably augmented. ~ 

The first thing to be done in the midst of such havoc 
was to re-establish ihe route in the shortest possible 
time. The French Government, finding Mr. Blake, 
Mr. Brassye’s agent, in possession of a large force of 
men employed on the summit railway, put the forming 
of the temporary road into his hands, and the result 
has shown their wisdom in so doing. It was at first 
thought that it would require at least three months to 
form temporary roads at the large breaches, but 
prodsely one month after the flood occurred he had 

y the employment of the railway force, and assisted by 
a considerable number of men sent to him from the great 
tunnel, got the road ready for traffic. Mr. Brunlees 
passed over it on the 23rd of October, with Mr. Fell 
and other gentleman, occupying two carriages, and on 
the 25th it-was opened for passengers arid light goods. 
In many cases Mr. Blake has cut a temporary way out 
of the mountain side, and in other cases where the 
material in the mountain looked slippery he has bridged 
the river, using’in two places dry stone abutments and 
trussed wooden girders. 

It is seldom that one has an. opportuity of seeing so 
much work done in so little time; but Mr. Blake had 
the means and the will, and the way soon followed. 
The whole valley presents many instructive lessons to 
engineers, but more ‘especially to those engaged or 
about to engage in works in mountainous districts. 

It is estimated that ‘the permanent. reinstate- 
ment of the road will cost the French Government 
about 100,000/. ; and as they restore the road to its 
former state,:the loss to the Mont Cenis (summit) 
Railway Company will not exceed 5000/. It is 
pons that the reparation of the permanent road 
will occupy about six months, and that it, together with 
the railway, will be opened in May, in time for the 
opening of the Paris Exhibition. 

The re-establishment of the Victor Emmanuel Rail- 
way between St. Michel and St. Jean de Maurienne is 
in hand, and it is expected that a temporary way for 
the conveyance of passengers to St. Michel as formerly 





will be completed at the end of this month. 
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THE ATLANTIC TELEGRAPH. 


THERE are many points connected with the working 


of the Atlantic cable of extreme interest. The great 
argument hitherto adduced in favour of a North Atlantic 
route between Europe and America has been the sup- 
position that by breaking up the line into several 
sections we should be able, by translation, to obtain 
increased speed of signalling. It was thought that a 
line so worked would transmit messages at a speed 
equal to that of the longest section, and therefore that 
if a line be valued by the number of words it would 
transmit per minute, a North Atlantic route would be 
five or six times more valuable than a direct wire. 
But the reverse is actually the case. The direct wire 
between Ireland and Newfoundland will transmit more 
messages than the North Atlantic route could possibly 
convey by translation. Thomson’s reflecting galvano- 
meter cannot be used for translation, and therefore 
electro-magnetism must be introduced. This at once 
introduces an element of time, and it is found in prac- 
tice that each additional translating station increases 
considerably the delay of transmission. When speak- 
ing to such distant places as Odessa from London, it 
is rarely possible to obtain more than six words per 
minute, and the usual rate of working to St. Peters- 
burg is about ten words per minute. The North 
Atlantic cable could not be expected to exceed this, 
and yet the direct wires across the Atlantic nearly 
double that speed. 

The only two existing long submarine cables worked 
upon the translating principle are the Malta and 
y woe oN and the Persian Gulf cables. We have 
already commented upon the absence of any published 
data of the rate of working ; but we have obtained, from 
valuable and authenticated sources, the working speed 
of these cables. Both these cables are worked by 
Siemens’s beautiful instruments, which we contemplate 
on a future occasion submitting to our readers, which 
are simply ink-printing Morse receivers — delicate 
polarised electro-magnetic relays and ordinary revers- 
ing keys. The Red Sea cable was also worked by the 
same apparatus, and, though its existence was but brief, 
it gave some interesting results. 

‘The following table is carefully compiled from the 
result of several months’ working : 

Taste 1, 
Malta and Alexandria Cable. 





Average in 
actual work, 
including re- 
petitions, pre- 

fixes, &c. 


| 
| Maximum 
Length speed of 


Section. in knots. : 
working. 





20 
15.6 
10 
13.4 


1. Malta—Tripoli ... 
2. Tripoli—Benghazi | 
8. Benghazi— Alexandria | 
* Malta—Benghazi 








It will be seen on comparing the above table with 
that at page 317, in our impression for October 26th, 
that the rate of working obtained in practice con- 
siderably exceeds that given by Mr. Forde. More- 
over, if we take the estimated value, or capacity for 
work, of the cable at five words per minute for 1100 
miles, the rates obtained in sections 2 and 3 vary almost 
exactly as the square of the distance. 

That given in section 1 is simply the maximum 
working rate of the instrument and its manipulator. 
This verification of the law of the squares is interesting, 
though the rate obtained is remarkably low, and very 
much below Sir W. Thomson’s estimate of speed pre- 
viously referred to. It is also remarkable, as verifying 
the estimate—five words per minute through 1100 
miles—given by its engineers—Messrs. Gisborne and 
Forde—though there is every reason to believe that 
that estimate was more of a rule-of-thumb character 
than one supported by theoretical data or mathema- 
tical calculation. Sir C. Bright and Mr. Latimer 
Clark estimated 10 words, and Sir W. Thomson 154 
words through the same length, and probably each 
gentleman would obtain his own estimate if he were 
to work with the same instruments by which he 
obtained his original data. Mevsrs. Gisborne and 


Forde took their data, most probably, from their esti- | 


mate of the working of the Red Sea cable, which gave 
8 words per minute from Aden to Suez, with two 
translations at Conaire and Suakin, the relative dis- 
tances being : 

knots. 

294 

545 


799 


Suez—Conaire 
Conaire—Suakin ... 
Suakin—Aden 4... 2... cee 
The Red Sea cable was estimated to transmit 10 
words through 500 miles. It gave 12 according to 


* This was obtained by translation at Tripoli. 


| the late Mr. Gisborne, and. 5 through 718 miles accord- 
| ing to Mr. Forde. Mr. Gishorne gave its working 
capacity at 10 words “*pough 750 knots, which was 
evidently too high. 

Table 1 is interesting, as showing the actual 
practical working value of a cable. Mr. Varley 
| stated before the Joint Committee, in 1860, that 
only one-third of the maximum value of the cable 
should be taken as its limit of work; but the above 
table shows that on the Malta and Alexandria line 
they attained to ¢wo-thirds of that value, which, com- 
pared with the working of the Persian Gulf line, is 
strong evidence of the superior management and pro- 
ficiency of staff employed on the Mediterranean cable, 
and may be taken as a very fair proof of the compara- 
tive value of private management and Governmental 
control. The Malta line is in the hands of the Tele- 
graph Maintenance Company; the Persian Gulf line, 
under the Indian Government. 

The following table shows the rate of signalling on 
the different sections of the Persian Gulf cable : 

TaBLE II —Persian Gulf Cable. 





Length in 


Section, Remarks. 


knots, 


Average words 
per minute. 








| 


266.5) 9 {There was a heavy leak- 
206.91 20 | age on this section. 


358.4) 16.7 
392 


Manora—Gwadur 


Gwadur—Mussendon ,,/ 
Mussendon—Bushire ..} 17.5 
Bushire—Fao .. ee} 155.5) 25 
& 4. Mussendon—Fao ..| 547.5) 12.1 
&2. Mussendon—Manora! 624.9) 9.64 
>» 


2, 3, & 4. Manora to Fao | 1172.4| 12 





By translation at Bushire. 
By translation at Gwadur. 

By translation at each 
{ station. 


1, 
2. 
3. 
4. 
1 

1, 


The last result was obtained by translation at the 
three intermediate stations experimentally, but that rate 
is not maintained in practice. It scarcely exceeds 
eight words per minute. All the other results were 
deduced from practical trials. The above shows that 
the retarding effects of translation are, contrary to ex- 
pectation, very great, and that the speed of working is 
not that of the longest section. The results between 
sections 2 and 3 are anomalous: the longest section 
gives the most rapid rate. This may be due to some 
difference of adjustment in the instruments, or to the 
existence of some fault which is not noted. In any 
case it is difficult to educe the exact capacity of the 
cable for work from the above results. The rate of 
the instruments and the skill of the operators appear 
to be much less than those employed on the Malta and 
Alexandria line. ‘The maximum rate on the shortest 
section, 155.5 miles, is 25 words. Those between 
Malta and Tripoli, 239 miles, gave 31 words. Whether 
this is due to the instruments themselves or to the 
enervating effect of the climate upon the clerks, or to 
both combined, or, as we have hinted, to the difference 
of management, it is impossible to say. In any case, 
it is evident that the low rate of working is attributable 
to the instruments and their manipulation, and not to 
the capacity of the cable itself. Taking alternately 
the results on sections 2 and 3 as being correct, and 
taking the mean of the calculations as being approxi- 
| mately the true one, we find the capacity of this cable 
| to be 2.5 words for 1000 miles. But supposing that 
the rate of the instruments were raised to that given 
| by those on the Malta and Alexandria cable, it would 
| only improve the capacity from 2.5 to 2.8 per 1000 

miles. ‘The line, according to Sir C. Bright, was ex- 
pressly divided into sections in order to obtain a high 
speed of working without any excessive expenditure 
| upon the conductor and insulator. This high speed of 
| working is not obtained in practice, and it is very 
questionable whether it would not have been better to 
| have constructed a heavier cable in every respect, and 
| laid it in one long length. The maintenance of these 
| intermediate stations must be excessive. ; 

| ‘Tabulating all these results, comparing them with 
|the various dimensions of the different cables, and cal- 
{culating the working capacity from observation and 
|from theory, we obtain the interesting table (No. 3) 
| given in the next column. : 

Professor Thomson’s result is evidently too high 
for calculation, and could only have been an excep- 








tional case, where the clerks were much assisted by | : ve 
carry a quantity of water 


guesswork, coding, and abbreviation. Mr. Varley’s ob- 
| servation is more rational, and gives, probably, a fair 
' estimate of the capacity of work tor the old cable with 
Thomson’s reflecting galvanometer. The second 
column in the following table (‘Table 4) gives the pro- 
bable rate of working with these instruments on the 
| different eables, upon the unit length of 1000 miles, the 
| first column being am assumed capacity of one word 
per 1000 miles on the ordinary instruments—which is, 





however, evidently too high. The probable capacity 
of the old Atlantic cable was only .66 per 1000 miles, 
or one word through 812 miles. 

TABLE 3.—Caleulated by Mr. W. H. Preece, 
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9. 
Specific 


Resistance 
of Core (R) 
one knot 


in ohms. 
petitive trial with the very 
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(Thomson’s 
formula) 
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ared with the other results. 


(nearly). 





Diameter 
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Conductor 
(d) 
in inches. 





5 ’s), but is an exce 
city of the cable, as comp: 


Outside 
Diameter of 
Insulator 
(D) 
in inches. 
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Observer. 
(c) De Santy 
(a) Gisborne 
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2.94 


Observed 
Rate, 
words per 
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10 
’ 
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observed 
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(L). 
yt 
1865 cable, 


{ 





(a) This result is evident] 
} This is calculated u 
This was taken on t 
st manipulation, and is cert 
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Atlantic, 1858 ......... 
Malta and Alexandria 
Persian Gulf,........... 


Red Sea....... 











TaBLE 4.—Calculated by Mr. W. H. Preece, showing the ob- 
served and calculated rate with different units of capacity 
upon the same unit length. 


Atlantic Cable. 
Assumed | Observed 


Capacity |Capacity 
of 1. of 4. 





Malta and | Observed 
Alexandria. pa A 
e. 


Cable. 
Capacity 6.| see Tab 
| 





-66 
4.08 
2.16 


4* 
24.4 
12.8 


Atlantic, 1859...... 
e 1865-66 . 
Red Sea .....eeceeee 


Malta and Alexan- ‘ 


2.7 


35.2 
16 

















The very close approach of the two last columns isa 
remarkable evidence of thé truth of Thomson’s laws, 
and the strongest possible proof that can be given of 
the value of the application of mathematical reasoning 
to the practical development of submarine telegraphy. 








THE WATERWITCH. 


In consequence of that kind of resistance known as 
“skin friction,” all vessels driven through the water 
along with them, and at 
nearly their own velocity. What. this quantity 1s, 1s 
not known; but even if it corresponded to that taken 
in by the centrifugal pump of the Waterwitch, a = 
ther quantity of water would then be drawn onwar' 
by skin friction, at the expense, of course, of the engine 


-* With Thomson’s 1 reflecting galvanometer. _ 
+ This is assumed as being the probable capacity. 
¢ Reduced by 50 per cent. (See context). 
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power. On her late trial, the Waterwitch probably took 
in about 350 tons of water per minute, at a velocity 
of over 15 ft. per second, and this taking in of the 
water represents of itself a large expenditure of power. 
To put 350 tons of water per minute suddenly into mo- 
tion at the rate of 15 ft. per second would be equal to 
lifting that weight nearly 4ft. high, and would re- 
quire nearly 100 horse power. It is hardly probable 
that of the water taken in, equal as it is to a con- 
tinuous depth of 3 in. along the sides and bottom of 
the whole trough ploughed through the water by the 
hull of the ship, anything like the whole quantity is 
already moving with the ship, in consequence of skin 
friction, especially when we bear in mind that the 
water taken in is drawn only from the bottom of the 
vessel’s trough, and, even in that case, from but a por- 
tion of the whole width of the ‘vessel’s floor. Of the 
water pumped, all that was not already moving with the 
ship is “picked up,” not in exactly the same manner, 
but with a resistance of the same nature, as in Mr. Rams- 
bottom’s self-filling tenders on the London and North- 
Western Railway. The resistance in picking up is the 
same as if a pipe—large enough to discharge the whole 
quantity of water picked up, at the rate which the 
vessel is going—were fitted to the stem of the ship, 
under water, and led inboard in the line of the keel 
and curved upward, so that a head of water could be 
maintained at a height corresponding to the vessel’s 
velocity. This imaginary column of water might be 
made, of course, to give off some proportion, if not the 
whole, of the power expended in maintaining it; for if 
the water rose within a curved pipe, progressively 
enlarged so as to correspond to the lessening velocity 
of the rising column, a similar pipe might be supposed 
to lead from the head of this pipe down again, but in 
the opposite direction, to the sea level. The water 
thus sewed to run up to nearly the height due to the 
velocity would thus run off again in the opposite 
direction, and if we conceive the upper orifices of the 
two pipes to be of infinite diameter, and if we dismiss 
friction, we shall have the whole head resistance of the 
water taken in exactly balanced by the pressure of its 
escaping jet astern, the ship being then propelled by 
the same engine power (supposing the displacement to 
be the same) as if no water had been taken in. If the 
water, once raised, however, were suffered to fall ver- 
tically from the top of the pipe we have supposed, and 
to thus drop into the sea, the whole work of putting 
the water in motion would be lost. If a pipe, large 
enough in the case of the Waterwitch, on her recent 
trial, to pass 350 tons of water per minute at 15 ft. 
per second, were made straight through the ship, from 
stem to stern, and under water, we might suppose 
the vessel slipping over this rope of water with no loss 
of power, except from friction, but the moment the 
water was taken hold of by a centrifugal pump, or 
other means of taking it up, it would offer the full 
resistance, already calculated, to the motion of the 
ship. In the Waterwitch the water is not taken in at 
the bows under a head due to the velocity, but from the 
bottom, and thus it has no impulse tending to raise it 
above the general level of the sea, and all the work of 
thus merely getting it into the ship falls upon the 

ump, yet none of this work is recovered in the jets. 

they are effective only in virtue of the velocity with 
which the water is forced out of the ship, their effect 
depending upon their size and velocity, which may be 
the same, whether the ship be at rest or m motion. 
Thus, to eject a column of water at, say, 32 ft. per 
second would require the same power, whether the 
ship were at rest or in motion; but, if the, water were 
sided up as the ship went along, which is the case 
with the Waterwitch, the total engine power required 
would be greater with the ship in motion than when 
at rest. If the water were free to force its way from 
the bows into the pump or “turbine” as the ship 
moved forward, then the total power required woul 
be the same for a given velocity of jet, whether the 
ship were at rest or in motion. 








STEAM-JET ACTION. 


Tue intricacies of the Schleswig-Holstein question, 
as discussed two or three years ago, were hardly 
greater than those which commonly attend the discus- 
sion of the force and motion of bodies. Few could 
understand what were the real issues presented by the 
question of the Duchies, and we fear that many engi- 
neers find equal difficulty in discussions involving the 
terms “momentum,” “vis viva,” “energy,” and 


“work,” each of which has a distinct meaning, but all 
of which are nevertheless often employed indiscrimi- 
nately, as if they meant or could be made to express 
the same thing. Now,a cannon-ball in motion has 
“momentum,” and “ vis viva,” and “energy,” and in 








stopping ‘it, by whatever means, it performs “ work.” 
Yet no two of these terms are a5 we: br nor, 
except in the case of “energy” and “ work,” are the 
quantities ever equal to each other. ‘“ Momentum” is 
an arbitrary product of the weight in motion by its 
velocity. The term has both a meaning and an appli- 
cation; but these are not those commonly intended in 
using it. So has “vis viva,” which is twice the 
“energy” of a moving body. The more useful terms 
for practical men are “ rey? and “* work,” and many 
mistakes would be avoided if these were always rightly 
understood and applied. “ Ene i 
foot-pounds, and represents the product of the weight 
of any moving body into the height to which its velocity 
would carry it ix vacuo. It is not necessarily equal to 
the “ work” visibly imparted to the body in getting up 
this motion, since,in doing this, work may have also been 
expended in penetrating or heating the particles, and so, 
when the body is stopped a great deal of its energy 
may be expended in Cention or separating its own 
particles, although even these results may be con- 
sidered as work done. So far as work goes, we 
know that the same work (or mechanical power, as 
measured in foot-pounds) is required to lift 1 lb. 16 ft. 
high as to lift 4 ih 4ft. high, but we know that two 
bodies, one weighing (say) 4]b., and moving with a 
velocity of 16 ft. per second, the other weighing 1 lb., 
and moving 32ft. per second, have equal energies, 
since while the first would, if directed upward, rise toa 
height of 4 ft. iz vacuo, and thus give off 16 foot- 
ounds of work, the second would rise four times as 
high, and thus give off the same work. But when we 
apply a given accelerating force to two bodies of 
unequal weight, we do not store up in them, ina given 
time, the same amount .of work. Thus, supposin: 
that a cannodh was fired zz vacuo, so that the ball 
encountered no resistance, and that the gun was also 
free to recoil without resistance: if the weight of 
the gun was 100 times that of the shot, it would 
acquire but the ;A;th part of the velocity of the shot, 
on as the work is not as the velocity, but as the 
weight multiplied by the square of the velocity, the 
gun would have but the yAoth part of the work put 
into it that was expended upon the shot; in other 
words, the gun would acquire but the y4,th part of 
the energy of the shot, and as the energy is one-half 
the vis viva,the shot would have one hundred times 
the vis viva of the gun. Yet Mr. Mallet, in his im- 
portant and excellent work on artillery (page 129), 
assigns equal vis viva to the gun and shot. It is 
ossible that some explanation, which we cannot now 
oresee, may help to justify this use of the term vis 
viva in place of momentum (for the gun and shot 
would necessarily have equal momenta); but that the 
vis viva of the gun, and, consequently, its energy, are 
greatly overstated is clear to every one who has seen 
a heavy gun recoil on being fired. 
In communicating the motion of one body, by im- 
act, to one or more other bodies of the same or dif- 
ferent weight, the velocity of the striking body will be 
extinguished if both be perfectly clastic, and its whole 
motion will be imparted to the body struck ; but if the 
two bodies be non-elastic, both will move forward with 
a velocity as much less than that of the striking body 
as its own weight is less than the total weight of the 
two or more bodies'in motion. Thus, if a ball of lead 
weighing 1 lb., and moving with a velocity of 10 ft. per 
second, strikeaballoflead weighing 91b., the total weight 
will move forward with a velocity of 1 ft. per second, 
and not only nine-tenths of the linear motion, but nine- 
tenths also of the actual energy of the striking or 
smaller ball of lead will be lost in compressing and heat- 
ing the particles of both balls. It is here that the loss 
of motion and of energy is manifested in the mingling 
of a steam-jet with water, as in the Injector. A pound 
of steam, in motion with a velocity of perhaps 1800 ft. 
per second, will give to seventeen times its weight of 
water, when mo aad in the nozzle of the Injector, a 
velocity of 100 ft. only per second. This is: known 
pretty closely from the results obtained in actual work- 
ing, as well as from a fundamental law of dynamics. 
The steam would, of course, heat the water even if a 
surface condenser were employed; but there is an’ad- 
ditional heating due to collision, a heating in which no 
less than seventeen-eighteenths of the energy, as well 
as of the motion, of the steam are expended. We 
can calculate, knowing as we do the dynamical 
equivalent of heat, what this extra heating is. A pound 
of steam, moying 1800 ft. per second, has an energy, 
irrespective of that due to expansion, of about 
50,625 foot-pounds, this being the number of feet to 
which its effluent velocity would lift it ix vacuo, To 
heat 1 lb. of water by one degree represents 
772 foot-pounds of mechanical work, and thus to heat 
17 Ib. would correspond to 13,124 foot-pounds, so 


” is measureable in 


that the heat given to each pound of water by the 
blow of the steam would be $##$24, or nearly 4°, quite 
irrespective of the heating of the water by latent 
heat in the ordinary manner of condensation. The 
heating would be a little less still, as we have not 
stopped to allow for the energy retained by the 1 lb. 
of steam. These general principles of motion are so 
well established that all who deal with problems of 
jets, gh aeons &c., should thoroughly understand 
them. The study of Arnott’s “ Physics,” which, apart 
from the value of its information, is one of the most 
readable books in the whole literature of science, 
would prove of great service to those who care to 
ground themselves fully in the principles upon which 
the alleged new modes of propdliin Ye ee 








RECENT PATENTS. 


(No. 651, 1s.) W. E. Newton, of Chancery-lane, as 
the agent for an American inventor, patents railwa 
brakes, worked by the trailing axle of the engine. 
pulley on this axle drives another pulley through a belt, 
and by spur-gearing, which may be engaged by a hand 
lever, a chain wheel, acting through a long chain, winds 
on or puts on all the brakes on the train. 

(No. 657, 2s. 6d.) J. Bischoff, of 7, New Broad- 
street, patents steam cultivating machinery, wherein 
cutters or stirrers are to be made to revolve around a 
vertical axis, so as to cut the ground in a horizontal 
plane. ‘Two or more sets of revolving cutters may be 
employed in the same machine. 

(No. 665, 8d.) Henry Hackett, of Warrington, 

atents a low-water indicator for steam boilers which 
hss no stuffing-box. A safety-valve is held down by a 
loaded lever within the boiler. A float is also at- 
tached to a lever so arranged that when the water falls 
too low, the float lever lifts the safety-valve lever. 
The steam which then escapes from the safety-valve 
may then be led through a pipe into the furnace to 
damp the fire. 

(No. 666, 8d.) George Davies, of Serle-street, 
Lincoln’s-inn-fields, patents a portable engine by 
Nillus, of Paris. We really see nothing patentable in 
the engine. It has a large dome over the firebox, and 
a circular flue extending to a water-cased chamber 
where the smokebox of an ordinary locomotive boiler 
would be. Smaller tubes return thence to the smoke- 
box, which, with the chimney, is nearly over the fire- 
box. The cylinder and working parts are not secured 
directly to the boiler, but are carried by a separate 
frame fixed upon it. 

(No. 667, 4d.) James Gray, of Glasgow, patents a 
solution of soda ash and fresh-burnt lime, the solution 
being effected by boiling, as a preventative to boiler- 
incrustation. 

(No. 668, 10d.) W.H. Berry, of Sowerby Bridge, 
Yorkshire, patents details in the valve gear of steam- 
hammers. These could not be explained without a 
drawing. 

(No. 669, 10d.) Thomas Clayton, of Manchester, 
was an early patentee of carburetting ordinary atmo- 
spheric air for illuminating purposes, by. passing it 
over volatile hydrocarbons. :He has found that the 
process of evaporation becomes interrupted by the 
chilling caused by the act of evaporation. ‘So he now 
proposes to use two evaporators in turn, the air being 
turned on and off by clockwork, so that one may re- 
cover its temperature ;while the other, in use, is be- 
coming colder and colder. 

(No. 671, 1s. 6d.) C. W. Siemens, of Great George- 
street, patents the application of his regenerative 
furnace, and other improvements, to the manufacture 
of zinc. 








An AmericAN Tour.—Mr. James Howard, the eminent 
agricultural engineer of Bedford, travelled last summer upwards 
of 5000 miles in the Northern States of America. On Monday 
evening last he gave his impressions of the Americans, and of 
their mode of agricnlture, in a lecture at the London Farmers’ 
Club. Hespoke very highly of the people, considering that 
they had been misrepresented by most travellers, but that Mr. 
Whitworth, Mr. William Chambers, and Sir Morton’ Peto had 
done them justice.’ Mr. Howard's opinion of the agriculture of 
the country was, wé believe, avery just one. It lacks the finish 
and method, and does not give the results, of English farming. 
Steam has made but little progress on American farms, and 
steam ploughing has only been attempted with engines travel- 
ling over the land. The paper was full in respect of detail, 
and one object of interest shown was a malleable cast-iron 
horse-shoe held by clips without rivets or nails, and of which 
thousands were in successful use, neither breaking nor comin 
off. Tovching the history of the reaping-machine, Mr. Howar 
stated that its elements, including the reciprocating knife, were 
patented in 1807 by a Bedfordshire man, Mr. Salmon. The 
reading of the paper was well attended, and on the motion of 
Sir James Duke, a cordial vote of thanks was given to the 





author. 
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RAILWAY UNDER T 


DESIGNED BY MR. ROBERT MORTON. 


HE TEES. 





A 
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THE accompanying engravings represent a method of tun- | 
nelling by bydraulic power and tubular cylinders, first proposed 
about the year 1857-8, by Mr. Robert Morton, now of London, 
but formerly of Stockton-on-Tees, to form a line of railway 
communication between the opposite banks of the river Tees 
between Stockton and Middlesbro’. Fig. 1 is a plan, Fig. 2a 
longitudinal section, and Figs. 8 and 4 end views, of different 
systems of construction proposed, whilst Fig. 5 represents the 
appearance the tunnel would present when completed. At the 
present time, when public attention is much directed to work in- 
volving subaqueous tunnelling, Mr. Morton's plans possess con- 
siderable interest, and it is for this reason that we now publish 


em. 
The tube or tunnel was _-- to be formed of a series of 
rings of cast iron, put together in segments by means of internal 
flanges properly jointed and bolted in a manner similar to the 
tubing of coal mines, The rings may be made of any convenient 
shape in transverse section, according to circumstances ; but the 
elliptic form, shown by Fig. 3, seems to Mr. Morton to possess 
the greatest advantages. 
The laying of the tube beneath the bed of the river was pro- 
to be effected in the followingmanner: The approaches 
of the railway having been constructed to the requisite depth’ 
within a convenient distance of the river on one side, the masonry 
forming the entrance to the tunnel was then to be built, and the 
rings within properly secured thereto, as shown in Fig. 5, the 
masonry and rings, thus arranged, forming a sufficiently strong 
abutment from which to start. Over the rings a, b, c, d,e, and /, 
forming the first — of the tube, it was proposed to put a 
shield, G; this shield being sharp, and pointed in front Tike a 
wedge, and constructed of wronght iron. Within the shield 
there would be fixed four hydraulic cylinders, hh and ii, the 
two, h h, being set horizontally, and those marked, 77, diagonally. 
To keep the shielf watertight around the rings, it would be 
— with india-rubber tubes, 7,7’ and j”, passed round and 
tting into properly constructed grooves, these tubes being each 
connected with a force pump, so that they could be expanded by 
means of water pressure. valve, k, of leather or Seliecatber 
was to pass round the outside; and against the valve 
there would bea constant pressure from the river, tending to 





keep it firmly against the rings. The shield, G, was to be 
driven forward by the hydraulic cylinders, Ah, ii, these being so | 
fixed in the front as to direct the shield by one or the other | 
being worked faster or slower. The hydraulic cylinders were | 
to be connected to force pumps by suitable tubes, these force | 
pumps being worked by a steam-engine travelling on a line of 
rails laid within the tube. 

The pistons of the rams would abut against a strong wrought- 
iron table, L, which wouldpress against the end of the last tubular 
ring. The process of pushing the shield forward would be 
continued until it was far enough advanced to allow another 
course of rings to be added tothe last; the action of the force | 


| circuit of the planet in twenty-four hours. 


Uj 


pumps on the hydraulic rams would then be reversed, and the 
rams forced into the cylinders. This being done, another course 
of rings could be added, the joints made good, and the process 
of ager ey the shield ahead repeated, and so on until the 
whole tube had been laid across. 

The rails were to be laid on a strong wrought-iron platform 
formed of three longitudinal girders, mmm (which might be 
made of the lattice or truss form), resting on bearings, n, cast 
inside the rings, the longitudinal girders being braced by cross 
girders, o 0, and the whoie being covered by a roadway, giving 
great strength and rigidity to the entire structure. It might 
be necessary in some situations to put down cylinders as shown 
in Fig. 5, where the loose nature of the earth might not afford 
sufficient support to the tube. The tube might be lined with 
bricks, built in with cement, of sufficient thickness to form a 
permanent tunnel in case of accident to, or decay of, the tube. 

It is considered by Mr. Morton that this system could he 
readily carried out through quicksands, the tube, being con- 
structed of sufficient strength to support itself and load, would 
moreover derive great support from the surrounding earth, sand, 
or mud, and the shield could be easily advanced and directed 
through such material. In case of clay, or even rocks or stones, 
it is considered that the difficulty of laying might be easily over- 
come by the process of dredging or boring, or both combined, or 
by blasting until a proper level had been prepared for the tube 
to rest upon. It would be advisable, in some cases, after the 
tube was laid to puddle the outside with clay or other plastic 
substance. The top of the tube would be sufficiently far beneath 
the bed of the river to be protected from injury by ships draag- 
ging their anchors. 


TIME AND THE ANTIPODES. 
To THe Eprror oF ENGINEERING. 

Str,—Your correspondent has stumbled upon an old pons 
asinorum of travellers, 

We call that portion of time one day, the period in which we 
make one turn around the centre of the earth. For the sake of 
illustration, if “ Ignoramus ” will start on the line of the equa- 
tor from the meridian of Greenwich, travelling eastward at the 
rate of one thousand miles per hour, he shall make the entire 
He shall within this 
period make fo turns around the earth’s centre, one due to its 
revolution on its axis, the other to his own locomotion. During 
his excursion the sun will have risen and set twice, which he 
will call two days, and having left on a Tuesday at six A.M., he 
will call the time on his return to zero Thursday, six A.M., one 
day in advance of the local time. 

Should he, on the other hand, travel westward at the same 
speed, his journey will have been made under the influence of a 
continued sunrise; and on his return to zero, his time will be 
still Tuesday, six A.m., while the local time will be Wednesday, 
six A.M., in which case he will be one day behind the local time. 
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So it is*that every time the electric spark of your correspon- 
dent makes the semi-circuit of the globe, it shall arrive at its 
destination either twelve hours before or behind the antipodal 
time. 

Astronomers, in order to eliminate such a cause of disturb- 
ance in their calculations, use equinoctial time, about which there 
can be no ambiguity. 

Telegraphists will possibly some day follow in their steps. 

Yours very truly, 

Euston, November 6th, 1866. 

TIME AND THE ANTIPODES. 
To tHe Eprror or ENGINEERING. 

Sir,—Your correspondent ‘‘Ignoramus” is, I think, con- 
fused by words. The time at C is neither Tuesday night nor 
Monday night. These names refer to our periods here, and if 
our friends in the antipodes use them, it is clearly with a different 
sense ; if with the same sense, they must date the beginning of 
Tuesday at the same absolute moment of time, that is to say, 
when with them it is midnight. 

As they don’t do this, it is a mere arbitrary matter what 
periods of time they apply these names to. 

To express to us the date of arrival of a message en elsewhere, 
the date must be translated into our own time, Thus, arrived 
at midnight — of day, whatever that may be, in the lan- 
gauge of Melbourne), corresponding to noon, Tuesday, Green- 
wich time. ; 

We need not wait for a circumterranean telegraph to experi- 
ence this inconvenient result of the rotation of the earth. Iwo 
ship-captains going to Australia by opposite routes (if they did 
so), we find the same puzzle in their logs. Suppose they took 
just the same number of hours in the passage, he wno went 
east would pass through one more solar day than he who went 
west. 

I remain, Sir, yours, &c., 

London, S.W., Nov. 6th, 1866. H. P. 








Leeps WATER Suppiy.—The scheme for extending the 
water supply of Leeds by intercepting the upper waters of the 
river Washburn, as recommended by Mr. Edward Filliter, the 
engineer to the corporation of Leeds, was adopted by the Leeds 
Council last month, and already meetings of the landowners in 
the Washburn valley have been held to take measures to oppose 
the scheme in the coming session of Parliament. 

Tue InstiTuTION OF MECHANICAL ENGINEERS.—A quar- 
terly meeting of this Institution will take place at Birming _ 
on Thursday next, at four o’clock. Papers will be read by Mr. 
John Robinson, of Manchester, on Sellers’s self-adjusting 4 
jector, as lately illustrated in this journal, and by Captain Webb, 
of the Bolton Steel Works, upon his curvelinear slotting machine. 
Nearly forty members and graduates will be ballotted for. 
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WATER-TUBE BOILER. 


DESIGNED BY MR. E. N, DICKERSON, ENGINEER, NEW YORK. 





WE givey above, an illustration of a form of boiler designed and 
patented by Mr. Edward N. Dickerson, of New York, and of 
which quite a large number have been built in the States during 
the past two years. It is a combination of the water-tube and 
fire-tube types, and possesses the advantages of the former in 
reference to continuous circulation, without any tendency to 
foaming, so often accompanying rapid motion of the water. 

There is the further advantage that the heating surface is 
nearly all directly over the fire, and therefore much more efficient 
than in the ordinary types of tubular boilers. 

It will be seen that the particles of steam formed in the in- 
clined water-tubes will, in moving toward the higher end of these 
tubes, cause the water to flow rapidly in the same direction. 
The water space at this end is made wide, so as to give the steam 
a better opportunity to disengage itself from the water ; never- 
theless the force of the ascending current is sufficient to raise 
the level of the water quite perceptibly at this part, and steam 
taken out at this end of the boiler would no doubt be very wet. 
To effectually evaporate all the spray contained in the steam, 
the opening for the steam pipe is placed at the other end of the 
boiler, and all the steam is obliged to pass back among the 
vertical fire-tubes, by which it is effectually dried. Bulkheads 
of boiler plate are fixed in the spaces at the sides of the vertical 
tubes, to prevent the steam from passing around them, and in- 
clined strips are placed in the water spaces at the sides of the 
furnaces to cause the steam formed in them to follow the same 
course as that generated in the tubes. 

The boiler represented by our engraving is in use at the Bes- 
semer Steel Works of Messrs. Winslow, Griswold and Holley,Troy, 
New York, tosupply steam to their blowing engine, and with 
natural draught it furnishes about 200 horse power. With the 
water at 6 in. above the tube plate it has about 1700 square feet of 
water-heating surface, and 600 square feet of drying surface 
above the water level. The area of the grates is 55 square feet, 
there being two furnaces 4 ft. 6in. wide by a little over 6 ft. 
long. There are 240 tubes in each furnace, of 1$in. outside 
diameter and 6ft. long, and two of 2$in. diameter, through 
which pass bolts 1} in. diameter to stay the bonnets opposite 
the ends of the tubes. There are 323 vertical tubes for each 
furnace, of the same diameter as the inclined, and 2 ft. 6 in. 
long, giving a calorimeter of }th the area of the grates. The 
boiler plate is mostly of Bessemer metal. The dished 
bonnets giving access to the inclined tubes are ¥; in. thick, 
the tube sheets? in., and the rest of the plates }in., with 
the exception of those forming the bottoms of the water-legs, 
which are No. 2 wire gauge. The pressure of steam is 50 lb. 
per square inch. The water space at the upper end of the 
inclined tubes is 12 in. wide, and at the lower 7in. The outer 
water-legs are 4in. wide in the clear, and the centre one 5 in. 
A door above the lower end of the inclined tubes gives access to 
the ends of the vertical tubes, and facility for sweeping the 
inclined tubes, which are arranged in vertical rows 1 in. apart. 

The performance of this boiler is very satisfactory, giving 
always perfectly dry steam, and having less tendency to scale 
than boilers of the usual type, owing to the rapid circulation. 
The tubes are of iron, but we should judge that it would be ad- 
visable to make the vertical tubes of brass to withstand the 
oxidation likely to be caused by the evaporation of spray on 
their upper ends. 

The absorption of heat is so perfect that even with hard firing 
the temperature of the escaping gases is barely sufficient to melt 
tin. A large number of these boilers have been built for 
portable engines, for which they are well adapted, on account 
of their small size and weight. 





A Froatine Ramway.—A floating railway, the invention 
of M. Freland, of Bordeaux, has just been patented. It is de- 
scribed as ae be of considerable service in loading and 
unloading vessels in ports having insufficient quayage accommo- 
dation, or where the depth of water does not permit ships of 
hey tonnage to enter except at high tide. 














TELEGRAPHS IN SouTH AMERICA.—The Buenos Ayrean 
Congress has granted a concession to Messrs. Hopkins and Cary 
for the construction of a line of telegraph from Buenos Ayres 
to Chile. The cable for the Buenos Ayres and Monte Video 
line has arrived out. 





FIG.2 








New Sream Fire Encines ror Lonpon.—Three new 
patent steam fire engines constructed by Shand, Mason and Co., 
for the Metropolitan Fire Brigade have been added to the plant 
belonging to the board and are stationed in various parts of 
London for further protection of the metropolis from fire. 





TRAVERSING 








ALL railway engineers who have been engaged in removing 


the débris of a railway accident, or who have had to replace 
rolling stock which had. run off the line, fully appreciate the 
utility of a good traversing motion to a screw-jack, and most of 
them have, no doubt, regretted, at some time or another, the 
limited amount of lateral motion attainable, without refixing, 
by a traversing jack as ordinarily constructed. To remedy this 
defect, Mr. R. Angus, of the North Staffordshire Railway, 
has designed and brought into use on his line the excellent 
form of traversing jack of which we now give engravings, this 
jack being mounted upon wheels so that it can be traversed 
continuously. 

The frame of the jack consists ot a pair of wrought-iron plates, 
having the nut for the lifting screw fixed between them, and 
fitted with bushes in which the axles of the wheels revolve. 
The axle of one pair of wheels has a worm-wheel keyed upon 
it between the frame-plates, and by means of a worm gearin 
into the wheel the traversing motion of the jack is effected. 
One end of the worm is carried by a bearing or crossbar, which 











turns on trunnions, and the other end is supported by a similar 





SCREW-JACK. 


DESIGNED BY MR, R. ANGUS, OF THE NORTH STAFFORDSHIRE RAILWAY. 
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crossbar, the trunnions of which slide in a curved slot in the 
frame-plates, and by this arraangement the worm can be raised 
out of gear with the worm-wheel when desired. 

The jack of which we give illustrations is an engine jack 
intended for lifting weights up to 15 tons, but Mr. Angus has 
also made lighter jacks for lifting carriages and wagons, in 
which, although they are mounted on wheels, the worm and worm- 
wheel for traversing is omitted, whilst the nut of the liftin 
screw is worked by means of a bevel-wheel and pinion, ins' 
of the screw itself being turned by a ratchet. In addition to 
the increased efficiency of their traversing arrangements, these 
— also the advantage of being lower, for a given 
ength of lifting screw, than those having the traversing screw 
underneath. 








AmericAN TrApE.—The exports of iron and steel to the 
States have been of considerably more than double the value thus 
far this year as compared with the same period of 1865. Our 





iron exports to British North America have also nearly doubled. 
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MECHANICAL ENGINEERS IN INDIA. 


Iw an article which appeared in Eneivzerrne for 
August 24th, on the subject of the Public Works 
Conferences at Poona, reference was made to a paper 
read at one of those meetings by Captain Mellis, 
wherein, alluding to the difficulty in obtaining trained 
engine-fitters and drivers, that officer stated that he had 
to pay to an engine-driver, obtained from the dockyard 
at Bombay, no less a salary than 40/. per mensem. 
We have also recently ascertained that an engine- 
driver who was sent out from this country to Bombay, 
in charge of a Boydell’s traction engine, about the 
year 1858, is now on his way home, having realised, 
during the past eight years, a sum suflicient to enable 
him to live without working for the remainder of his 
days. What wiil engineers in this country think of 
such wages? Surely India or, at least, Bombay must 
be the mechanic’s El Dorado. 

That India is at present but very scantily supplied 
with operative mechanics there can be no doubt, but it 
is also equally clear that this want is in a fair way of 
being gradually supplied; the numerous workshops 
belonging to the several railway companies even now 
form centres to which natives of a mechanical turn 
will all, in time, find their way ; for whatever may be 
the generally conceived opinion as to the capabilities 
of the natives of India for learning the arts of 
mechanical engineering, we have ourselves seen some 
most excellent work, done entirely by natives, turned 
out from the workshops at Roorkee. Of course a 
constant supply of first-rate mechanics from England 
will ever be — in order to keep up information 


in India as to the newest and best improved means of 


construction adopted in this country, together with 
the construction of docks which must, sooner or later, 
be undertaken at both Calcutta and Bombay—and 
more especially at the latter port, if, as recommended 
by the Select Committee on Seieasiotees that is 
henceforward to become the sole place for the arrival 
and departure of the mail steamers: dockyards of a 
more perfect and complete character than at present 
exist there will spring up, and a still further Seionad 
will therefore arise fora supply of skilled artizans from 
home. Whilst then there is even now an extensive 


field of operation for such men in connexion with the 
railway and steamboat companies ee in existence, 


t is not improbable that the demand will soon increase 
in a ratio almost out of proportion to the supply ; for 
the very large salaries demanded by such men at the 
present time seems to point to a very limited supply, 
and that such is the case is fully borne out by Captain 
Mellis, who stated that he had always experienced 
difficulties in introducing the use of niin in 
India, owing to scarcity of trained engine-fitters and 
drivers, 

It is clear that, with our constant increase in en- 
gineering manufactures at home, the time cannot be 
far distant when such labour will begin to get very 
searce even in England, and therefore it will be impos- 
sible to spare men for similar employment in India. 
India, therefore, must look to her own sons to supply 
her requirements in that respect; in the mean time, 
and whilst her supplies of mechanics still continue to 
be drawn from England, the high rates of wages which 
it appears “=| not only can but do obtain will con- 
tinue to afford a rich Baas to all, and enable the 


prudent and careful man to lay by sufficient after « | 


few years of toil under an Eastern sun, and a com- 
paratively short exile from home, to return to his 
native soil whilst he is still of an age to enjoy life, with 
a comeeney to pass the remainder of his days in in- 
dependence. But having hitherto viewed only the 
bright side of the question, it is but fair that a glance 
should be given at the other side. It cannot be suc- 
cess and prosperity to all, and although there are per- 
haps ~g | prizes, the lottery contains also some 
blanks. In order to ensure one of the prizes a man 
must not only be a first-rate mechanic, and naturally 
sharp and ready witted, but it will also be found in- 
dispensably necessary that he should possess the power 
of making himself agreeable to his superiors, seid give 
ready obedience to all under whom h? may be required 
to serve; otherwise he might stand a good chance of 
marring his own bright prospects. Again, a con- 
tingency against which no one can entirely guard him- 
self is the loss of health, which too often occurs in 
India ; and, in this case, not only is a man often in- 
capacitated for further service in that country, but 
sometimes also the seeds of disease are germinated in 
him, by which he may be rendered unfit for further 
work even on return to his native country. 

Lonpon anp Sour WALES.—A new narrow gauge ling 


from London to the Welsh coal-fields will i 
W : soon be opened vid 


| 





IN RUSSIA. 


A vast country is Russia, tiresome in its sameness, 
and wretched in its poverty, wherever Government has 
not lavished imperial grandeur upon palaces, and tem- 
ples, and public works. . There are great ‘ines of rail- 
way, extending hundretis and hundreds of miles across 
the same universal plain, so alike everywhere that a 
difference of a thousand miles is one of distance and 
nothing more. These railways are well built and 
well appointed, and at many of the principal stations, 
as at Wilna, Pskoff, Tver, and others, the passenger is 
struck by the magnificence of the buffets, rich with 
stained 'glass and oak carvings, while the nearest town— 
for the railways but seldom run through them—is but 
a straggling street of miserable log huts. The line 


from the Prussian frontier is worked by new, well- | 


made, and very powerful wood-burning engines, per- 
haps one-half of which were made by Borsig, of 
Berlin, and the rest by various makers, a few by 
Sharp, of Manchester, others xt made Seraing, and at 
Couillet, 

They are nearly all 
with four coupled wheels and a_ bogie, 
many of them weigh 36 tons. The trains are 
very long and heavy, as many as thirty carriages being 


outside - cylinder, engines, 


take. The highest speed is very fair, perhaps 45 | 


miles an hour ; but as brakes are seldom used in stop- 
ping, much time is lost in slacking up at stations. The 
carriages are intersected by passages between the par- 
titions, so as to form separate compartments not only 
at the ends, but at the sides also. 
able railway carriages to be met with anywhere are 
those on the St. Petersburg and Moscow line, an 
which are of recent: French design. They are two 
stories high, and stand apparently nearly 18 ft. from 
the rails, which are laid to the 6ft. gauge. The prin- 
cipal floor is divided by passages and partitions into 
end compartments, interior compartments with windows 
on one side only, and a central saloon, generall, 
monopolised by Russian officers. From this saloon a 
staircase ascends to a large apartment above, like the 
interior of a huge ommbus. It has windows and 
lounges along the sides, and is furnished with card- 
tables and wax-lights, and offers every convenience for 
smoking and sleeping. 

What a city of palaces is Petersburg! ‘here are 
eight or ten occupied by the imperial family, several of 
them far larger than the Palace of Westminster, while 
one, the Winter Palace, when the Court is there, is 
said to number 9000 inmates of all ranks. 

Where are the Krupp guns? Despite Mr. Longs- 
don’s reiterated denials, it is repeated here by every 
one who pretends to know anything of the matter, that 
all of Krupp’s guns of any considerable calibre have 
burst on trial, and are hardly better for the purposes 
of ordnance than cast iron, albeit that the steel is 
apparently of excellent quality, as is all of P 
stecl. It is not indeed a question of quality, but 
whether cast steel is fit for heey ordnance. As for 
enormous orders having been given for steel guns, thc 
report is of a piece with that by which Mr. Sampson, 
the city editor of the Zimes, was imposed upon two 
years ago, when he gave out that Captain Blakely had 
received an order from the Russian. Government for 
900,0002. worth of his guns, whereas hardly any of his 


ever Vv to Russia 


Arupp 


‘ steamboat, the Vesta, still 
at work on the Neva. On her paddle-boxes her 
name, in Russ characters, appears as Becta. 

There are, of course, engineering factories in Peteps- 
burg. But the Russian workmen are great thievés, 
and greater liars, They do not even consider that they 
would be believed honest if they attempted to be so. 
They will steal scrap brass before their master’s very 
face, and one Seotch engineer there melts all his scrap 
copper into ingots, and adds the"tin in the ladle, just 
before pouring, and endeavours by every means, and 
with some success, to keep everything of value as much 
protected as possible from the ppeodations of his men. 

The railway lines are in want of more rolling stock. 
Goods have lain at the St. Petersburg station of the 
Moscow railway for two months together, waiting to be 
taken down the line. Four hundred new engines are 
about to be built for the Russian railways, and efforts 
are making in other directions to get them into trim 
for all traffic which offers. The Moscow line, for 
working which Messrs. Winans have lately obtained a 
fresh contract on better terms than ever, is over 400 
miles long; but it was worth going to Moscow to see 
the fom, Ls of that capital. But how is it that 
such exaggeration attaches to everything reported in 
England concerning Russia? Here is the roof-of the 
riding-school at Moscow, so often said to have a clear 
span of 235 ft. Carefully paced, backwards and for- 


Lif au Old Uiyde 


in Belgium, and otiers yet at Stettin. | 


and | 


The most remark- | 


7h 


wards, it turned out to be 55 yards outside width, and 
the walls of the building are 4ft. thick. The new 
roof of the St. Pancras station of the Midland Rail- 
way will be at least 80 ft. wider than that of the 
| famous riding-school at Moscow. 


\ 
DOOR AND WINDOW MAKING. 

A specratry of manufacture in Vienna is the pro- 
duction of highly finished and ornamental doors and 
windows, and of the chessboard and other ornamental 
‘ looring-employed on the Continent for the rooms in 
| dwelling-houses and offices which are not covered 
| with carpets. “A factory, on a large scale, worked by 

a very complete plant of machinery, under the direc- 
; tion of Mr. Markert, is the leadimg establishment in 
| this branch, and its productions are in high repute 
‘throughout the Continent, from Constantmople to 
' Paris and St. Petersburg. The attention of Knglish 
' architects has also soot been drawn to this factory, 
which professes to be able to deliver in London 
nachine-made doors and windows of all kinds, from 
the roughest and most common class to the most 
; ornamental, suitable for a palace, at from 30 to 40 per 











‘cent. below the usual market price in England. ‘This 
‘xetory employs about 700 workmen, and a consider- 
ible number of wood-working machines driven by 
team power of about 30 horses. Its capability of 
production is about 4000 sets of window-frames, 2000 
doors, and 100,000 square feet of plain flooring per 
nonth. The sections and profiles of the mouldings 
; and channellings in these doors and window-frames are 
generally of a very bold design, in accordance with 
he fashion and architectural style of Vienna, giving 
very prominent projections, and furrows of great depth. 
'he moulding of such profiles by machinery presents 
considerable difficulties, not generally .met with in 
other places, and so it was found that the original 
wood-working machinery imported from America and 
from England was decidedly too weak for the require- 
ments of this establishment. Mr. Markert then con- 
| structed machinery similar in general arrangement 
to the imported originals, but of very different pro- 
portions as regards strength. The apparently exces- 
sive strength of Mr. Markert’s machines has given 
veat satisfaction by the total absence of sensible 
vibration, and consequently-the attainment of a per- 
fectly clean and smooth cut, even with the most diffi- 
cult and complicated sections of mouldings and with 
all kinds of wood. An interesting feature in this fac- 
tory is the show-room, a gallery in which sixty doors, 
and an equal number of windows, are placed im sham 
walls in such a manner as to permit inspection from 
ull sides, and to form sample rooms of diifetent styles 
| and character, full size, as regards dimensions of doors 
ind windows, and still so cleverly reduced in area as 
to include the greatest possible number of partitions, 
_ walls, windows, and doors into a limited space. 











! Tue Institution or Crvit Enerveers.—On Tues- 
| day evening next, the 13th inst., will be commenced 
| the forty-ninth session of this Institution, when two 
papers, by Mr. W. B. Clegram (M. Inst. C.E.) and 
Mr. Samuel Healey, will be read and discussed, relating 
to the employment of steam power on the Gloucester 
and Berkeley Canal and oy the Grand Canal, Ireland, 
respectively. 

Tue Expwosion .AT Bristot.—A coroner’s jury, empan- 
nelled to inquire into the cause of the deaths of three out of a 
number of men killed at Clifton on Thursday week by the ex- 
pon of the boilers of the tug boat Black Eagle, have satis- 

ed themselves with the explanation of shortness of water, and 
have returned a verdict nearly equivalent to that of ‘‘a visitation 
of God.” The boilers, by Jowers, of Shields, were constructed 
with two internal fireplaces leading into one flue, passing 
through the steam space, and up through the top of the shell 
to the funnel. At the inquest the usual cause was given of 
shortness of water, because the flue, of a flattened-oval shape, 
had collapsed sideways. The tops of the fireplaces had not 
iven way at all, which would have been expected if the water 
ad been low, as they were exposed to the greatest heat. A 
very important fact seemed quite overlooked, and that was that 
the bottom of one boiler was corroded so extensively along the 
whole length of the bottom in a continuous line, that for about 
8 ft. of the length it was less than J; of an inch, in fact almost 
a knife edge. When this was pointed ont to some engaged on 
the investigation, it was said that could not. have had any in- 
fluence on the explosion, as if the boiler had given way first at 
the corroded place, it would have allowed the steam to escape 
harmlessly. But the whole position of the fragments shows that 
the shell must have given way at the corroded line and opened 
out; and as the rent was on the under side, its chief effect was 
on the bottom of the boat, while the reaction sent the shell a 
long way. The shock of the shell of the first exploded boiler 
opening out must have started the other, which was corroded in 
the same relative position, but not so badly. The rent in the 
latter was not made so eusily,and thus the reaction of the 
issuing contents caused it to be thrown further away. It is 
unfortunate that the people employed about such boats should 
away with a wrong impression as to the cause, because 





timely inspection could not bat have discovered such very exten- 
sive corrosion. 
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THE NEW OPERA-HOUSE IN VIENNA. 

Tus costly and extensive building, second in size 
only to the “ Teatro della Scala,” Malan, presents par- 
ticular interest to the engineer in the provisions against 
the danger from fire, which are carried to an extreme 
of almost absolute safety, and by the most gigantic and 
costly apparatus for warming and ventilation yet 
adopted in any building. The whole structure is in 
masonry, with all floorings made of hollow-brick arches 
supported on‘iron girders, and separate fireproof pas- 
sages leading to all parts of the house. The great arched 
roof is carried by iron girders, and that part of it which 
covers the stage carries part of the machinery and 
apparatus required for working the scenes. The stage 
is separated from the body of the house by a continu- 
ous brick wall dividing the building vertically into two 
parts. The only opening in this partition wall is the 
square space which is covered by the front drop. In 
the emergency of fire on the stage or behind the scenes, 
a construction of iron plates is made to replace the 
front drop. To secure the audience against any danger 
from the. roof catching fire, a second fireproof ceiling 
covers the auditorium at the level of the springing of 
the arched iron roof, This ceiling is carried upon 
straight wrought-iron girders. It is formed of hollow 
brick arches resting upon the iron girders, and will 
present a flat, highly ornamented surface. By these 
provisions the audience is enclosed in a strong fire- 
proof casing, surrounded by equally fireproof passages 
of ample size to allow of a ready egress from any part 
of the building, however crowdéd it may be. 

The provisions for warming and ventilation were de- 
signed by Professor Bohm, who is considered the lead- 
ing authority upon this ee in Vienna. ‘The 
apparatus has been constructed in the works of Mr. 
H D. Schmid, in Simmering, near Vienna, and its 
estimated cost is about 20,0007. Six steam boilers, of 
3ft. Gin. diameter and 20 ft. long, supply steam for 
heating and for power. An engine of 20 horse power 
works a silent fan, of a peculiar construction, patented 
by Professor Heger, and which was represented by a 
model in the London Exhibition of 1862. This fan is 
10 ft. in diameter, and draws cold air from the s aces 
immediately outside the building. The ventilator drives 
the air into a series of vaults beneath the building. 
There are two superposed stories of such vaults, form- 
ing cellars, being both below the level of the street 
outside.‘ The cold’ air is drawn into the lower vaults, 











which are completely closed all round, and which allows 
the air to rise only through a series of openings in the 
crown of the vault. In the central part of the house 
below the pit, these vaults have twelve circular open- 
ings of 4 ft. diameter, leading into the upper story of 
vaults. They are placed at equal distances from each 
other, about 20ft. apart. Each of these openings 
contains a tube of sheet iron, 3 ft. diameter, placed 
concentrically within it, and passing through the upper 
vault into the space below the pit. The annular space 
between the 4 ft. opening and the 3ft. tube forms the 
passage for the cold air, from the lower vaults to the 
\pper, which latter form the reservoir for hot air. 
€ upper vaults are transversed by pipes, through 
Which the steam from the boilers circulates, and the 
alr is thus warmed. The warm air finds a passage, 
and rises into the pit through numerous small gratings 
In the flooring. It is possible to admit either hot or 
cold air into the pit simply by moving a kind of hood 
_ Which covers the iron tu é, and which can be raised or 
lowered. ‘This acts as a double valve. The raisin 
effects the admission of cold air through the tube, an 
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hot air around it. By lowering the cover the tube is 
closed, and the annular passageygpened for the admis- 
sion of hot air. In the intermediate positions a simul- 
taneous admission of cold and hot air can be effected, 
and the temperature be thus regulated at will. Similar 
pipes lead evonah the walls into all parts of the build- 
ing, and into all galleries and passages. The ceiling 
contains a set of sun-burners, which will partly assist 
ventilation by aspiration, so that a slow and steady 
movement of the air throughout the whole space will 
be effected by the combined action of so-called natural 
ventilation, caused by the, difference of temperature 
within the building and without, assisted, as it will be 
to any required extent, by the mechanical means ~ 
plied by the ventilator. It is ex d that in the cold 
season natural ventilation will be by itself sufficient. 
The heated air from the upper vaults will rise through 
the building without assistance from the ventilator. 
The mechanical appliance, on the contrary, will come 
into use whenever the temperature outside is such as 
to make the direct admission of cold air desirable, 
which then will require mechanical power for its mo- 
tion throughout the house. The arrangement also 
allows the admission of cold air to the upper part of 
the house, by which means a descending current can 
be created, and any excessive heat in the upper levels 
provided against. 

The viele apparatus is expected to be finished by 
the beginning of next year, when a series of careful 
experiments and measurements with regard to heating 
and ventilation will be instituted by Professor Bohm, 
who has promised to communicate the results to us for 
publication. 





THE WATERWITCH. 


A FORTNIGHT ago there were published, in this journal, 
accurate drawings of the machinery of the Waterwitch. A week 
later, a series of badly drawn and badly engraved illustrations of 
the same machinery appeared in The Engineer, with the follow- 
ing footnote: 

“‘ Our engravings have been prepared with the utmost care 
** from the working drawings. used in the construction of the 
“ machinery. They are, ¢onsequently, correct in every par- 
“ticular. It is, perhaps, due to Messrs. Dudgeon to add that 
“no drawings of the Waterwitch’s hinery, p ing th 
“ most insignificant claim to accuracy, have ever before been 
‘* published.” 
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We have had a portion of one of these accurate “ engravings” 
carefully recut, as a specimen of the whole, a portion which, 
however our readers may regard it as a burlesque, is an exact 
reproduction, by direct transfer, and by the most conscientious 
attention of our engraver to every line and dot of the original, to 
whiclywe would also refer our readers, in order thatthey may 
judge for themselves, We would invite attention to the cylinder 
covers, stuffing-box, valve, &e., and we think we. need: do- no 
more than this, while adding what our readers will have sufti- 
ciently perceived for themselves, that no machinery, could .ever 
have been made, and that the Waterwitch’s engines certainly 
were not made, in accordance with these wretched woodcuts. 








Tue Mapras Raitway.—The report of the directors con- 
tains several items of interest. 611 miles of line are now worked. 
On the South-West line and Bangalore branch the way and 
works had been maintained at an average cost of 176/, per mile 
per annum, including charges for renewals by irony igatend. of 
wooden sleepers. ‘The Bangalore branch, which had from the 
first been laid with iron sleepers, had cost only at the rate of 
651. per mile per annum for maintenance. The receipts per 
train mile averaged 6s. 9}d., against 5s. 74d. for the correspond- 
ing half of last year; and the expenses amounted to 3s. 14d. 
against 2s. 11d. for corresponding half year. On the North- 
est line, the earthworks of the opened portion of the line, 
119 miles, from Arconum to Cuddapa, had stood well, and were 
in good order. The permanent way had been maintained at a 
cost equal to 692 per mile per annum. 

Cornish MunixG.— Under, the present depression of copper 





at the same time closes the annular passage for the 


THE WATERWITCH. 
To THE Eprror or ENGINEERING. 

Str,—It is much to be regretted that those who have the 
management of trial trips of vessels do not avail themselves of 
the opportunity thus afforded them, for the purpose of ascer- 
taining the resistance of the vessels at a given speed, and the 
actual friction of the engines. 

The former experiment could be easily carried out by taking 
the vessel under trial in tow, and ascertaining the tractive force 
applied, by means of a dynamometer; and I suppose the latter 
would only require the indicator for its accomplishment—taking 
care to let the engines work at the slowest possible speed, so as 
to be able to neglect the resistance of the propeller. 

In the absence of such reliable experimental results, I have 
endeavoured to arrive at a fair estimate of the power absorbed 
by the friction of the engines of the Waterwitch, by comparing 
it with that of the engines of the Rattler. Taking tke friction 
of the unloaded engines at 1.75 1b. per square inch, and the 
friction due to the load at one-seventh of the remaining pressure, 
I find the total power absorbed by the friction to have been 193 
horse power. 

Assuming, further, that the effluent velocity of the jets was 
32 ft. per second (slightly in excess of the velocity of the outer 
circumference of the wheel), I find that the friction of the wheel, 
casing, pipes, and nozzles, as calculated according to well-known 
rules, and making allowance for bends, amounted to 271 horse- 
power, As this result depends, however, upon the area of the 
surfaces in contact with the water, which I, could only ap- 
proximately arrive at by measurements from the drawings, its 
accuracy must necessarily be doubtful. 

There would thus be left, to account for the actual propulsion 
of the vessel, and for wasteful expenditure, 283 horse power, 
which corresponds very nearly with the work done by the jets, 
upon the supposition that the discharge area of the nozzles was 
904 square inches, and the coefficient of contraction 0.77. 

The theory of this propeller, as advocated by you, if I am not 
mistaken, would appear to be pretty correctly expressed by the 


formula: 
0.44xXAA=B. w, 
where A is the effective area of discharge in inches; B the re- 
sistance of the vessel, at the unit of velocity, in pounds; wu the 
speed of the vessel, in feet, per second ;and #;the -head-of watc:, 
as usual. In which case 
0.44 A. he V2 gh—B ub 

would express the loss or wasteful expenditure of power. The 
speed of the vessel could therefore evidently become equal to 





the effluent velocity of the jets, only when either B=” — 
or A= And it will be seen that the water-jet propeller 


(if this theory be correct) improves as a p as the value 


e | of B diminishes, that is, with the quality of the vessel as regards 


speed, and vice versa. 

Although both the speed and power of the engines must 
necessarily be affected by any change in the value of B, it is im- 
possivle to establish any connexion between B and the quantities 
which determine the speed and power of the engines, by means 
of the above formula. Another version of the theory of the jet- 
propeller appears in a contemporary of yours, and can be ex- 
pressed by the formula: 
0.44x A .h [/ 2gh—u=B. ws. 

And should this be correct, then the effluent velocity of the jets 
and the s of the vessel could never be tlie same. 
November 7th, 1866. C. 


Granp O¢ean Yacut Race.—The New York yacht club 
are now making arrangements for a grand ocean yacht race to 
take place next year. It is intended to start about thirty-four 
— from New York for Havre: They will be all Americav 
uilt, and the builders, according to the last accounts, have 
their hands full. The majority will be of wood, though, we 
understand, a few will be constructed of iron plates. Mg. Ben- 
nett, jun., of the New York Herald, is having a yacht built of 
about 200 tons for this contest. 
New OnservatTory At LiverPoot.—The new observatory 
on Bidston-hill, near Liverpool, is now nearly completed. It 
stands upon rock, 208 ft. above the Old Dock sill, and occupies 
& most commanding position. The designs of the building were 
repared by Mr. G. Fosbery Lyster, the engineer to the Mersey 
jocks and Harbour Board, under whose direction they have 
been carried out. The building contains every accommodation 
for its intended purpose, a portion of it forming a handsome 
residence for the astronomer. The observatory contains a large 
equatorial dome and a transit dome, large public offices, a 
chronometer-room 36 ft. by 21 {t., anemometer-room, library, 
&c., together with every convenience for meteorological observa- 
tions. The equatorial and transit instroments are now in the 
hands of the celebrated mathematical instrument makers, 
Messrs. Troughton and Simms. The foundation of the transit- 
pier extends to the depth of about 16 ft. below the ground floor . 
The instrument will be mounted under the south-east dome, and 
arrangements are being made for observing either in the 
meridian north and south or in the prime vertical east and west. 
In the former position observations will be taken for time, and 
in the latter for latitude and determining the declinations of 
stars which pass the meridian near the zemth of the new obser- 
vatory. It is also worthy of note that the n excavations 
for cellarage have been so galenend that the building itself, to a 
depth of 12 ft, or “bé-ft. below the ground level, is tically 
insulated from the surrounding rock by a space of 18in. In 
some of the more delicate tests and observations this fact will no 
doubt prove of great value. 
Foreign Mrcuanicau Inpusrry.—The Belgian Railway 
Plant Company has concluded a contract for eleven locomotives 
for the Great Luxembourg Railway. J. F. Cail and Co., of 
Paris, commenced the exercise 1866-67 with orders valued at 
240,000/., and during the last three months further orders have 
been received to the extent of about 52,0007. An important 
contract for railway plant has been concluded recently by this 
company on Russian account, and is to be shared with the 
Fives-Lille Company. The Belgian Rolling Mills have employ- 











mining in Cornwall, upwards of 600 miners have lately left that 
duchy to seek employment in coal and iron mines in Seotland, . 


ment assured to them for the winter, 
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BENSON’S STEAM-PU MP. 


MADE BY MESSRS. HAYWARD TYLER AND CO., ENGINEERS, LONDON, 
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A new form of direct-acting steam pumping-engine is 
being successfully introduced by Messrs. Hayward Tyler and 
Co., Whitecross-street, and this engine, which is the invention 
of Mr. Martin Benson, and the construction of which presents 
several noteworthy features, we are now enabled to illustrate 
by the above engravings. In Fig. 1, which shows a general 
outside view of the engine, A is the steam cylinder, and B the 
pump, the latter, which is double-acting, being of any ordinary 
approved construction, according to circumstances. The piston- 
rod, C, which is common to both steam and pump pistons, 
has a crosshead, D, which works on guides, E f 










2, these latter 
also acting as tie-bars between the cylinder and pump. By 
making these guides strong enough the bed-plate may in some 
instances be done | with entirely, thus adding much to the 
= simplicity of the arrangement. ‘Toone end of the cross- 

ead is coupled a small connecting--od which works a lever, F, 
backwards and forwards, and the other end of the crosshead 
may work a feed-pump or an air-pump for charging the air 
vessel, or both. 

We must now explain the way the steam is admitted to the 
cylinder, and for this purpose we shall refer to Figs. 2,3, and 4, 
which show details of the valve gear on an enlarged scale. It will 
be seen that the ordinary slide valve is replaced by a cock of a 
peculiar shape. Steam is admitted through the pipe, G, to the 
inside of the cock, H, and thence to either of the ports, I, the 
exhaust steam passing through a recess in the plug of the cock 
to the exhaust Pipe, J. The grooved plate, K, is bolted to two 
lugs on the side of the valve chamber, and serves as a guide to 


steady the lever, F, and to form an attachment for its fulerum. 
The two wings, L L, of the lever, F, have lugs on their inner 
sides, which once in every stroke act upon the levers, M and N, 
the former, M, swinging freely on the fulcrum of F, and having its 
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other end in connexion with a knuckle-joint, O, and lever, P 
and the latter, N, being a fixture on the end of the plug of the 
cock, H, and its upper continuation being furnished with a 
which strikes against india-rubber cushions. The knuc 
joint is in connexion, through the lever P, with a spring, R, as 
shown on Fig. 1, which spring, as soon as the joint passes over 
the centre either way, sends the lever, M, quickly over to one 
side or the other, and thus, as the lever, M, at this stage comes 
in contact with a jaw on the end of the plug, turns the latter 
quickly, and gives full steam ready for the return stroke. The 
pin of the knuckle-joint is continued on the inside, and strikes 
against india-rubber cushions at each end of its stroke. 

The action of this valve gear is as follows: When the steam 
and pump pistons have accomplished about half their stroke, 
one of the lugs, LL, on the lever, F, comes in contact with the 
lever, N, on the plug of the cock, and thus by the time the 
pistons have arrived near the end of their stroke fresh steam 
ust begins to be admitted, so as to form a cushion. 
ater the knuckle-joint is, by the action of the spring, thrown 
over, and the cock is suddenly opened to its full extent, so as 
to admit steam for the return stroke. 
a steady motion to the water in the delivery pipe, and tends to 
do away with a great amount of concussion. 

There is a lubricator, S, for greasing the cock occasionally 
and the plug can be taken out and replaced in a few minutes. 
These engines work very well, and are no doubt very applicable 
for a variety of purposes. We should mention that the stroke 
can be varied to some extent ina very few minutes by only 
loosening a couple of nuts. The engines can be driven as slowly 
as ten double strokes per minute, and as quickly as 100 strokes 
r minute and upwards. They have no dead points, and can 


This arrangement gives 





s‘ructors that, unlike crank engines, any obstruction in the pump 
or valves will simply retard or stop the action without causing 
an accident. For some kinds of contractors’ work the appear 
very suitable, and at the new Blackfriars-bridge now b ding an 
8 in. pump of this description has been at work for some time 
pumping out the caissons. 

An upright boiler on wheels supplies the steam to the engine 
by means of a flexible india-rubber pipe. The engine is bolted 
to a plank by four screws, and removing them, raising the appa- 
ratus by the travelling crane and refixing it at some other place 
along with the boiler, is the work of half an hour. If fixed be- 
t veen two caissons, it can pump from either of them by shifting 
t 1e suction hose from one to another, as required; and as none 
o'the parts have to be taken off for transit, the pump can be set 
to work immediately the steam and water connexions are made. 
Pumping engines of this kind are also being used for irrigation, 
well-sinking, and other purposes, and can of course be worked 
at any lift. 


ADAMS’S SLIDE-VALVE. 
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We have several times alluded in this journal to the equili- 
brium slide-valve patented by Messrs. Adams and Parsons, a 
valve which is now being extensively applied to !locomotive and 
other engines; and wenow give an engraving of it as fitted 
Mr. James Johnson, the locomotive superintendent of the Ni 
Staffordshire Railway, to ten of his inside cylinder goods 
engines. ian i 

from the engraving it will be seen that the slide-valve has 
in this case a pair of short cylinders formed on the back of it, and 
that each of these cylinders is furnished with a cast-iron packing - 
ring, these rings fitting the cylinders closely, and bearing against 
a plate fixed down the centre of the valve-chest. The spaces 
enclosed by the rings are, of course, in free communication with 
the exhaust. Each ring is kept from yet heey by means 
of a small steady pin, as shown on the left-hand side of the 
section, and a pair of slight springs, placed between each of 
them and the valve, keep them constantly in contact with the 
central plate. Each of the packing-rings is bell-mouthed at 
the end which bears against the central plate, the inside dia- 
meter of the bell-mouth being made the same as the outside 
diameter of the other part of the ring, and by this arrangement 
the areas at each end of the ring acted upon by the exhaust 
steam are equal to each other. " Z ‘ 

The engines on the North Staffordshire Railway to which the 
particular valves, which we are describing, are fitted, have 
cylinders 17 in. in diameter with 2 ft. stroke, and the ports, &e. 
are of the following dimensions: steam ports 17 in. by 1§ in.; 
exhaust ports 17 in. by 3}in.; width of bars1in. As the 
valves have neither inside lap nor clearance, the area of the 
exhaust openings in each of them is equal to 17 x 54=93.5 
square inches, whils; the areas inclosed by the two packing 
rings with which each valve is fitted are, together, sl htly 
greater, the inside diameter of each ring at the bell mouth being 
73 in., making the area enclosed by eac soap some — 
The thickness of each ring is 3 in., and the cylinders to whic 
they are fitted are situated with their centres at equal distances 
from the centre of the valve. 4 
The plate which is fixed in the centre of the steam-chest, an 
which forms the face against which the packing-rings work, nes 
formed on it at one end feet, which fit upon conical studs screw' ; 
into the back end of the valve-chest. At the other or _ 
end a couple of screwed studs are fixed across the valyec a . 
one near the top and the other near the bottom; these st “+ 
pass through the central plate, and are each furnished 7 : 
nut on each side of it, so that the plate can be — “ei 
central position, and parallel with the valve faces, In ved 
instances, Mr. Adams fits his slide-valves with one ) pack 
ring only; the arrangement with two smaller pac pees 
however, is one which is convenient in many cases, and it th 
the buckle or frame on the valve-spindle to be Copel wi 
and the form of spindle shown in the engraving substituted. — 








started at any part of the stroke, and it is claimed by the con- 


In order to maintain a film of steam between the working 
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surfaces, those parts of each valve forming the lap have each a 
recess § in. wide and j in. deep formed in them, as shown in the 
section, These recesses pass over the ends of the valve face at 
each stroke of the valve, and are consequently kept full of steam, 
whilst from their position the steam is never discharged into the 
exhaust. 

A really good equilibrated slide valve, which can be readily 
applied to locomotive engines, is no doubt a great desideratum, 
and the one which we have described has been found in prac- 
tice to answer exceedingly well, the movement of the valves 
being almost frictionless. Besides the engines on the North 
Staffordshire line, others have also been fitted with it on the 
North London, the Great Northern, the Midland, the Manches- 
ter, Sheffield, and Lincolnshire, the Great North of Scotland, 
the Caledonian, and the Great Eastern Railways, an engine on 
the latter line to which it has been applied having now been 
running about fifteen months satisfactorily. It is also being 
applied to marine engines, both by the Admiralty and by some 
oF the marine engine builders, and it is coming into use on the 
Continent. 





COMMUNICATIONS IN INDIA. 
I1.—Roaps. 


Tue roads usually constructed in India are of two 
kinds; thre is, first, what is called the fair-weather 
road, which is passable only during the dry season ; 
and, secondly, the metalled or first-class road, which is 
passable all the year round. The construction of a fair- 
weather road consists of little more than a mere clear- 
ance of a passage through the jungle, and levelling the 
surface to a sufficient extent to allow of the passage 
of carts; but, being unprotected by any metalling, the 
top soil becomes so soft during the monsoon rains, 
that the road is rendered generally quite impassable. 
The absence, also, in general, of bridges over the 
rivers and streams intercepting the line ofroad further 
adds to the difficulties.in using them when their chan- 
nels are deep with the flood waters of the monsoons. 
These fair-weather tracks are often subsequently 
metalled and drained, the metal in some cases occupy- 
ing a strip along the centre of the road of sufficient 
width for the passage of one cart only; but on the more 
important lines the whole surface of the road is 
metalled ; they are also properly drained and bridged 
throughout, and thus come under the denomination of 
first-class roads. ~~~ ‘ 

From the papers before us, consisting principally of 
Parliamentary returns, it does not-clearly appear what 
amount has been spent exclusively on communications 
in India, but they show .that..an expenditure of 
7,001,3562. was incurred on public works under the 
several presidencies in India from 1836-37 to 1850-51 
inelusive, prior to which dates the expenditure on such 
works we know to have been very insignificant. Of 
this sum we may, perhaps, fairly estimate that not 
more than about 2,750,000/. was laid out on the roads 
of the country. Passing on to the year 1853-54, the 
first year in which the principle of annual Public 
Works Budgets was introduced into India, we find the 
total expenditure on roads and bridges was 581,774/., 
of which sum 182,855/. was for repairs, 397,663/. for 
new works, and 1254/. for the purchase of land. In 
the following year the amount spent on similar works 
was 765,512/., of which upwards of 600,000/. was on 
account of new works. At this rate of expenditure 
the extension of roads was gradually progressing when 
the mutiny put an end to all such works for the time, 
throughout the greater portion of the empire. During 
the ten years, from 1847 to 1857 inclusive, there had 
been constructed throughout the whole of India—ex- 
elusive of the North-Western Provinces and Oudh— 
4654 miles of first-class roads and 25,104} miles of 
second and third class roads, at costs, including con- 


struction, maintenance, and repairs, of 1,657,852/. and. 


1,392,541/. respectively. Those included amongst the 
first-class comprise trunk roads, and the more important 
es of communication which are always metalled and 
bridged throughout. Those of the second and third 
class vary from simple traces to lines that are more 
or less imperfectly formed, and merely represent so 
rer miles opened or rendered practicable for wheeled 

c. 

During the recent civil war in America special sums 
were granted, in addition to the ordinary annual allot- 
ments for public works, for the purpose of opening out 
roads leading from the great cotton-producing districts 
of'India to the coast, the principal of which are those 
known as the Arbyle Ghaut Road and the Kyga Ghaut 

both of which lead from Dharwar to the port of 
eat m North Canara. These have been com- 
= metalied roads; but there were also many 
~ ‘weather roads at the same time constructed in 
agpore, and in other cotton-producing districts. 

‘hen the main lines of raikway began to draw to- 
wards completion, the subject which naturally engaged 
much attention was the construction of “ feeders,” 
consisting of roads leading from outlying’ villages or 





districts, or from the nearest points on the already 
existing lines of road, to the nearest railway statio"- 
Lines of road, known by the title of “railway feeders, 
have within the past few years been constructed to no 
inconsiderable extent, but the number of miles of such 
roads, hitherto opened in each year, is considerably 
below the natural demands of the country, being limited 
(as are all other public works in India) by the scanty 
supplies annually allotted for such purposes out of 
surplus revenue. 

few years -back, attention was for the first time 
directed to the advisability, in constructing new roads, 
of laying them out with all gradients and curves suit- 
able for railways, so that in the event of a railway being 
thereafter considered advisable along any such line, the 
road already formed would be found suitable for that 
purpose, and all remaining to be done in order to com- 
plete a railway along it would be to lay the permanent 
way, and provide the necessary adjuncts of stations, 
signals, &c. There can be little doubt that if the 
Government of India should itself object to lay down 
lines of rail in such a manner, there would be no lack 
of enterprising persons who would be only too glad to 
obtain concessions for such a purpose. . Once let the 
principle be established as that on which the Govern- 
ment intend systematically to act, and there can be 
little doubt that applications would soon come in for 
no inconsiderable extent of roads, both from the Indian 
Tramway Company and the Indian Branch Railway 
Company, the former of whom have already so suc- 
cessfully pioneered into existence the first public light 
railway in India, and which has been constructed along 
a previously existing road between Arconum and Con- 
jeveram, in the Madras Presidency, a distance of 19 
miles, the traffic on whidh; though only amounting to 
97. per mile per week, is sufficient to give a profit of 5 
per cent. on the capital expended. The Indian Branch 
Railway Company have also opened a line 27 miles in 
length from Nulhatee, on the Bast Indian Railway, to 
Moorshedabad, and they are constructing another line 
between Cawnpore and Lucknow, which is rapidly ap- 
proaching completion. 

In thus converting gradually the roads of the coun- 
try into a network system of light railways or tram- 
ways, it is not by any means contemplated that the 
use of such lines for ordinary cart traffic should be 
simultaneously abandoned. On the contrary, the plan 
we desire to advocate has, as we are aware, been put 
forward on more than one occasion by officers of the 
Public Works Department in India (in the first in- 
stance, we believe, by Mr. George Preston White, 
C.E.), and submitted by them for the approval of Go- 
vernment. In order then that the free use of the 
roads should not be withheld from carts or bullocks, 
the line of rails should be laid on one side only of them, 
leaving the greater portion of their entire width 
available for the ordinary country traffic. In nearly 
all cases it would sufficiently meet the first demands 
of commerce to lay a-single line of rail along each 
road, with short loops at certain distances apart, at 
which points the up and down trains might pass each 
other; the distance from each other at which such 
stations should be placed being, of course, dependent 
on the amount of traffic and consequent frequency of 
trains required daily. In no other way than this, or 
by some simple modification of it, does it appear to us 
that communications could be so speedily and cheaply 
executed in India, her internal trade and commerce 
more actively stimulated, and the resources of the 
country more readily developed. It is upon the pro- 
vision of easy, cheap, and speedy transport that the 
resources of India mainly depend for improvement, 
and the inhabitants for the means of obtaining cheap 
supplies of provisions. It is in vain that irrigation 
works are extended, if means be not at the same time 
afforded for transporting the surplus produce of the 
land to other districts ; thus it is that we have so often 
witnessed the occurrence of disastrous famines in one 
part of India, and people dying by thousands from 
actual starvation, whilet almost in the adjoining dis- 
tricts the abundance of the harvest has been such that 
grain is almost a drug in the bazaar, the want of 
internal communications alone preventing the super- 
abundance of one district from supplying the wants of 
the other. 

In a little work published by Sir Arthur Cotton 
some years back, that officer endeavours thus, in a few 
words, to estimate the extent of roads required to be 
made in India: ‘ Taking the area of India (including 
“all between the ocean, the Himalayas, and Afghani- 
* stan) at a million and a quarter of square miles, we 
* shall find that to open this tract up with main lines 
“of communications, fifty miles apart, would require 
* about 50,000 miles, besides all the minor roads, 
“which, if placed five miles apart, would be 500,000 





“miles in length.” That India will ever become so 
intersected with roads is, to say the least, not likely 
to be the case unless the present rate of expenditure 
on such works be very vastly increased in future years; 
and yet there is no reason why such an acknowledged 
want should be denied to her, and we venture to 
state that, were the necessary funds to be raised on 
loan for that purpose, the Government would soon 
receive ample remuneration for the outlay, from the 
increased wealth of the people, and-their consequent 
ability to submit to an increased taxation. 

Upon the subject of roads in India, Sir William 
Denison, K.C.B., has observed as follows:  “‘ ‘The cost 
“of constructing macadamised roads. throughout the 
Panay parts of the presidency may fairly be stated 
‘as follows : . 


Width of road .. 30 ft. 
Width of metalling 24 ft. 
£ -'s. id. 


166 14.0 
163 16 0 


Cost of earthwork 
do. of metalling 


Bridges and culverts... 302.14 0 
Sundries 40 0 0 
673 40 


“Tf an addition be made to this sum for the cost of 
superintendence, &c., bringing it up to 750/. per mile 
run, this will be ample allowance for any contingency. 

“The next matter for consideration will be the cost 
of the maintenance of way, that is, the annual outla; 
required to maintain the road in a state of thoroug 
repair. This must, of course, so far as the macadam- 
ised road: is concerned, depend dpon the amount of 
traffic, while the quality of the materials employed 
will have some action upon thé annual charge. A fair 
approximation, however, may be arrived at by a refe- 
rence to the amount commonly allowed for mainten- 
ance upon the great trunk lines of road in the Madras 
Presidency, and 300 rupees, or 30/. a mile, would be 
considered sufficient for a road upon which the standard 
amount of traffic is conveyed. The cost of repairs 
upon a road over which 1872: vehicles pass per day 
has, in an average of five’ years, amounted to 
1197. 14s. 9d. In order to be on the safe side, there- 
fore, I propose to allow 55/. per mile for the mainten- 
ance of the macadamised road in thorough repair.” 








BARON ROTHSCHILD’S IRONWORKS. 


Tue very extensive works of Baron Rothschild at 
Wittkowitz are situated in the coal district of Moravia, 
in the vicinity of the small town of Ostray. They are 
upon an extensive mining property producing coal and 
iron ores of different qualities. The coal mines of 
Ostrau are of great celebrity and importance, not only 
in Austria, but throughout the south-east of Germany, 
as they are the only mi » within that portion of 
Europe which produce cohing coal of high quality. 
Baron Rothschild is proprietor of some coal-pits near 
Ostrau the produce of which is partly sold as house- 
hold and steam coal, and partly coked in ovens for the 
use of the ironworks at Wittkowits, The Ostrau coal 
is said to yield about 60 per cent. of very good hard 
coke, tolerably free from sulphur and other vicious im- 
purities. The ironstones worked in the neighbourhood 
are mostly argillaceous ores of an inferior quality, and 
of a comparatively low percentage of iron. ‘The purer 
classes of ore are found in smaller quantities, and their 
yield is not very great. The position of Wittkowitz is, 
therefore, more suitable to the working of Hungarian 
charcoal pig iron made in the Carpathian districts from 
excellent spathic ore, and the two small coke blast 
furnaces at these works have been erected mainly for 
utilising puddling- furnace cinders, which produce 
foundry iron of tolerable quality when mixed with the 
ores from the neighbouring mines. The whole works 
were —— laid out for puddling and rolling, with 
a capability of production amounting to 300 tons of 
finished iron of all kinds per week. The staple article 
of Wittkowitz is rails, the chief consumer being the 
Northern Railway of Austria, which passes the 
works. At a comparatively early period these works 
began to produce puddled steel with very good prac- 
tical success, but with small commercial advantage. 
The process of making hollow wrought-iron axles, as 
practised at Wednesbury, has also been introduced by 
the patentees, but has proved unsuccessful. In 1865 
Baron Rothschild sent fis manager and two engineers 
to Sheffield to study the Bessemer process at Messrs. 
Bessemer and Co.’s works, and after having carefully 
collected all the necessary information, pes | success- 
fully converted some Hungarian pig iron in Sheffield, 
a Bessemer apparatus was erected. This consists of a 
a pair of 3 ton converters, copied from English originals, 
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with some slight improvements in several details, and 
a small vessel of 1 ton for experiments and trials. The 
blowing-engines are horizontal direct-acting, and some 
of the boilers are worked by the waste heat from the 
melting-furnaces. The ganister for lining the vessels 
is replaced by a compound of ground quartz from the 
neighbourhood of Olmiitz, and of fire-clay from Blansko, 
near Briinn. This material stands perfectly well, the 
vessel working sixty to eighty charges before requiring 
relining. ‘The quartz is treated precisely in the same 
manner as the road ganister in Sheffield. The tuyeres 
are also manufactured at Wittkowitz from Blansko 
fire-clay. It has been found useful to grind the burnt 
tuyeres and fire-bricks, and to mix the dust with the 
fresh fire-clay for making new tuyeres. Mr. Elberz- 
hagen, the manager of the Wittkowitz works has in- 
vented a very handy moulding-machine for making the 
tuyeres for the converting vessels. It is constructed 
upon a similar principle to that of the well-known 
moulding-machines for foundries. The grey iron for 
the Bessemer process, and also the spiegeleisen, is 
brought to Wittkowitz from Hungary at a price 
which is somewhat enhanced by the freight, the 
pig iron being conveyed on carts, in the absence 
of railway communication. A railway from Oder- 
berg to Kaschan has, however, been conceded and 
guaranteed by the Government, and is expected to be 
commenced shortly. The opening of this line will 
place Wittkowitz in a more favourable position as re- 
ards the prime cost of pig iron and Bessemer steel. 
‘he forge at Wittkowitz comprises four steam hammers 
from one to five tons weight, and a series of other 
accessories, such as squeezers’ bellows, but it requires 
further additions for satisfying the demands of the new 
steel manufacture. It is proposed at present to erect 
a large steam hammer onl several other modern forge 
implements to complete and extend the Bessemer 
steel plant. The a mills are of ample strength 
for rolling steel. They consist of a mill for rails, 
driven by a vertical engine of 100 horse power, with 
a very large fly-wheel, a second similar mill for angle- 
iron and other sections, a mill for boiler plates, with 
rollers 5 ft, 6 in. wide, and a mill for bar iron, to which 
is added a so-called universal mill, having two hori- 
zontal and two vertical rolls, adjustable in distance, so 
as to produce flat iron of any width with the same 
set of rolls. The production of iron tyres and wagon 
wheels was carried on successfully for many years, 
until the introduction of weldless tyres began to super- 
sede that manufacture. The machinery for finishing 
tyres is very complete and effective, and it is intended 
to be applied to the manufacture of weldless Bessemer 
steel tyres, which is about to be commenced. Messrs. 
Deakin and Johnson’s process for punching steel axles 
and hollow shafts is also under consideration for 
eventual introduction. When in full operation, the 
works at Wittkowitz employ four thousand workmen ; 
they are considered the largest ironworks in Austria, and 
are at this moment the finest and best-arranged Besse- 
mer steel works in that country. 





COUNTERWEIGHTS ON LOCOMOTIVES. 
To tue Eprron or ENGINEERING. 

Srr,—Mr. D. K. Clark, in his “ Railway Machinery,” pub- 
lished in 1855, at page 166, writes as follows: “‘ Mr. W. Ferni- 
hough, in October, 1845, conceived that if a revolving balance 
weight be applied to the wheel of a locomotive sufficiently heavy 
to balance not only the crank but also the connecting-rod, piston, 
and appendages, the disturbing forces of the reciprocating parts 
of the engine would be neutralised by the horizontal element of 
the centrifugal force of such revolving balance-weight (these 
disturbing forces being pith'ly described by Mr. Fernihough as 
centrifugal force wanting the vertical element), while the vertical 
element of the centrifugal force, although remaining as a dis- 
turbing force, would not affect the stability of the engine. But 
though the means of obtaining the material objects of a complete 
balance were thus early pointed out by Mr. Fernihough, English 
engineers generally have not appreciated the importance of ex- 
tending the balance beyond the revolving parts.’ 

My paper read before the Institution of Civil Engineers, in 
1862, on “ Some of the Internal Disturbing Forces of Locomo- 
tive Engines,” was intended to clear the way for the considera- 
tion of the single-cylinder locomotive engine. I was well aware 
that a prima facie objection to such an engine would be the 
alleged irregularity of its forward motion, its giving rise to 
sudden jerks and impulses instead of to a steady uniform pull. 
To thoroughly rebut this objection, I took the case of a par- 
ticular engine of the ordinary two-cylinder construction, well- 

roportioned in its _ for steady running; that is, having a 
driving-whee = ared with its crank radius, and 
balanced, not as it might be, or should be, but according to the 
general practice of English engineers. 1 gave numerical values 
to the tractive force developed throughout one entire revolution 
of the driving-wheel, and ty these, thrown into the shape of a 
diagram, I exhibited the extreme irregularity of the pull of 
ordinary double-cylinder engines, constructed after the prevail- 
ing general practice of English engineers. 1 showed that in the 
particular engine I had selected for illustration, one remarkably 
well-proportioned for steady running, the whole of the tractive 
power developed when running at 52 miles per hour was given 








off in about one-half of a revolution of the driving wheel, that 
half revolution corresponding to the latter half of the front 
stroke and the first balf of the back stroke of the piston; and 
that throughout the other half revolution of the driving-wheel, 
or that corresponding to the latter half of back stroke and first 
half of front stroke, a positive resistance to the motion of the 
engine was ae in the engine itself. 

My argument then was this: Great as is the irregularity in 
the pull of ordinary two-cylinder locomotives, yet so much 
greater relatively is the vis viva, or accumulated work stored up 
in the weight of the engine and train, that the tractive force, 
although thus irregular in amount, is not felt as a jerk, or as 
objectionably irregular. Still less, therefore, will this be felt to 
be the case in a single-cylinder engine, perfectly or sufficiently 
balanced as it may or ought to be, in which the variations in 
amount of the tractive force are (at all velocities greater than 
20 miles per hour) considerably less than are the variations in 
amount of the tractive force of an ordinary imperfectly balanced 
two-cylinder engine. Mr. D. K. Clark’s record of the general 
practice of English engines only a few years ago is valuable to 
me in this respect, as enabling me to rebut unanswerably the 
commonly received objection to a single-cylinder locomotive, viz., 
the ingenious irregularity in the amount of its tractive force. 

There are grave objections to counterbalancing the reciprocat- 
ing parts of an engine in the manner suggested, as Mr. D. K. 
Clark says, by Mr. Fernihough in 1845, and as is now universally 
— (when those parts are counterbalanced), that is, by 
“pp lying revolving counterweights to the wheels. 

n the case of a single-cylinder locomotive this mode of balanc- 
ing is still more objectionable than in the case of an ordinary 
two-cylinder locomotive. It was while considering the subject 
of single-cylinder locomotives some years back, and recognising 
the necessity of perfectly balancing their vig weg e parts, 
that the conviction was forced upon the writer that their possible 
introduction into use was dependent on some better mode of 
counterbalancing than that generally adopted—of applying 
revolving counterweights. The objection to revolving counter- 
weights is simply this, that they introduce a disturbing force of 
their own, viz., the vertical element of their centrifugal force. 
Consider the case of a locomotive in which the reciprocating 
parts on one side weigh 500 lb., and suppose the engine travelling 
at the rate of 50 miles per hour, having 7 ft. driving-wheels and 
24 in. stroke. Let it not be supposed that 50 miles per hour is an 
excessive speed. Almost every express train, timed to travel 40 
miles per hour, will, or may, run at some part of its journey, as 
on & descending gradient, fully 50 miles per hour. From the 
common formula for centrifugal force it will be found that the 
revolving counterweight of 5001b. will throw a maximum 
vertical pressure on the driving-wheel, once in each revolution, 
of 6875 lb., or upwards of 3 tons. Mr. D. K. Clark, in his 
“ Railway Machinery,” dismisses the consideration of this dis 
turbing force originated by the counterweights, because it does 
not affect the stability of the engine. But how are the rails and 
—— way affected by it? Ever since the introduction of 
ocomotives there has been a contest waged between them and the 
(so-called) permanent way on which they run, which reminds 
one of that now going on between ship guns and armour-plated 
ships. In both cases successive improvements on one side have 

roduced increased means of offence or destruction, requiring 
increased powers of defence or resistance, on the other. But 
whereas with ship guns, their sole use and declared purpose is 
to damage and destroy the resisting surfaces — to them, 
no such purpose in the case of the locomotive legitimatises its 
destructive action on the permanent way. It is surely high 
time for locomotive engineers and all interested in railway 
property to consider whether the destructive effects of locomo- 
tives on the rails and increased expense of maintenance of per- 
manent way must necessarily increase with the efficiency of the 
locomotive, or whether they may not be readily reduced. 

Until very lately, the addition of a few tons pressure on the 
rail for a small portion of each revolution of the driving-wheel, 
arising from the unbalanced vertical element of the revolving 
counterweights, would by many engineers probably be looked 
upon with indifference, as only a theoretical objection, not exem- 
plified, illustrated, and confirmed by detrimental effects in prac- 
tice. But, thanks to the very valuable tables accompanying 
Mr. Price Williams's paper, read before the Institution of Civil 
Engineers, “On the Maintenance and Renewal of Permanent 
Way,” in which a comparison is made between the life of rails 
on ascending and descending gradients on the Great Northern 
Railway between Hatfield and London, and on ascending and 
descending gradients on some parts of the Lancashire and York- 
shire system, observed facts are now recorded in harmony with 
the theoretical objection, and which otherwise are unexplained. 
The same loads being passed over rails of the same quality and 
strength at a higher and lower speed, the rails subjected to the 
lower speed were twice as long lived as those rails subjected to 
the higher speed—that is, they lasted six years instead of three. 
Such, briefly, is the fact recorded by Mr. Williams. 

When the iron of the rail is strained to near its crushing 
limits, a small additional strain may produce greatly increased 
injury to it. It is, perhaps, not generally recognised how con- 
siderable are the pressures thrown upon the rails. If an engine 
of ordinary power have 5 tons insistent dead weight on each 
driving-wheel, 5 tons is generally spoken of and accepted as the 
maximum pressure thrown on the rails,—the fact being, that 
such an engine, when travelling at the rate of fifty miles per 
hour, for some considerable portion of each revolution of the 
driving-wheel, produces a pressure on the rails at each driving- 
wheel of at least 10 tons, of which 30 or 40 per cent. may be 
produced by the superfluous vertical element in the centrifugal 
force of the counterweights, such vertical pressure being possibly 
but little prejudicial to the stability of the engine, but wofully 
gg to the stability of permanent way and to the life of 
the rau, 

Assuming, with Mr. D. K. Clark, that the general practice of 
English engineers, ten years ago, was to balance only the 
revolving appendages of locomotives, it may be conclusively 
shown that the unbalanced reciprocating appendages will, at 
high speeds, produce great unsteadiness in running, and, at ex- 
treme speeds, make the engine positively unsafe. 

Assuming that, at the present day, many of the newest loco- 
motives have their reciprocating as well as their revolving 
appendages fully balanced by revolving counterweights, it is 





equally easy to show that great and rapid deterioration and 
damage to the permanent way must result. 

No doubt engines are now running balanced in every conceijy- 
able proportion between these two extreme limits, and sharing, 
therefore, in corresponding degrees in the two defects charac. 
teristic of these two extremes—unsteadiness in running and un- 
necessarily destructive action on the permanent way. 

It is not a little remarkable that at none of the railway accj- 
dents which occur, in which the engine leaves the rails, do any 
inquiries seem to be made by the Government inspector of the 
state of balance of the working parts of the engine. 

At a late accident of that, nature, on the Great Eastern Rail. 
way, the conclusion arrived at was, that the accident was ow; 
to a sunk joint in the rails... A sunk joint of itself would not 
necessarily throw an engine off the rails. It might and wonld 
afford the opportunity for an engine, swayed to and fro trans- 
versely, to leave the rails, but it cannot be looked upon as the 
originating cause of the accident. That possibly might be 
found in the unbalanced action of the moving parts of the engine, 

Probably at the present day there is no question more impor- 
tant, connected with railway locomotion, than that of counter- 
weights of locomotives. 

For a single-cylinder locomotive, it appeared to the writer abso- 
lutely:- necessary to abandon the revolving counterweight, and to 
substitute counterweights having a reciprocating motion, exactly 
similar, but in an opposite direction, to that of the piston. 

It is possible such a counterweight might be adapted to the 
ordinary two-cylinder locomotive; but if not, and if for them 
the revolving counterweight must still be used, it is only fair 
and wise to acknowledge the great drawback to their beneficial 
employment, in the increased pressure thrown on the already 
heavily burdened rail by the vertical element in the centrifugal 
force of their revolving counterweights. 


Nov. 8, 1866. A. W. MAxkrxson. 








NOTES ON HEAT. 

Aw alloy of 3 parts tin, 5 of lead, and 8 of bismuth melts at 
a temperature less than that of boiling water. 

Mr. Stephenson once stated, that in consequence of laying 
three or four miles of -line, pear Peterborough, with close joints, 
the heat of the sun, on a warm day, caused such an expansion 
that the rails and sleepers were lifted, in one place, from the 
ballast, so as to form an arch, 50 ft. long and 8 ft. high, in 
the air, 

The accumulated expansion of a considerable length of saddle- 
back rail closely rivetted together, on the Reading and Basing- 
stoke line, was such as to throw the: line out of place a foot 
vertically and some distance horizontally. 

The visible expansion of the mercury in a thermometer is the 
difference only between the total expansion of the mercury and 
that of the glass tube. 

High temperatures are measured with the ordinary steam 
pressure-gauge by connecting it, by means of a platinum tube, 
with a hollow ball of platinum filled with air. The ball being 
exposed to heat, the air within it is expanded, and the pressure 
corresponding to its temperature is shows on the gauge. 

Stay-bolts in locomotive furnaces have been rendered 
crystalline and have broken from slight but repeated bending: 
produced by the different rates of expansion of the outer an 
inner fireboxes. 

Water may be boiled in an egg-shell, or in a box, the bottom 
of which is made of card paper; and if the circulation of the 
water is unrestricted, the fragile material of the boiler, although 
held directly in the flame, will be uninjured, 

An alloy composed of 9 parts lead, 2 of antimony, and 1 of 
bismuth will expand in cooling, and is therefore sometimes 
used for filling blow-holes in iron castings. 

A French apparatus for boiling water and cooking by friction, 
without fuel, consisted of a conically-bored brass ring, in which 
was rapidly revolved a truncated wooden cone, surrounded with 

laited hemp, which was kept constantly saturated with oil. 
he heat was produced by the friction between the hemp and 
the brass. 

The specific heat of iron is .1187, that of water being unity. 
The heat which would rise 1 1b. of water through any number 
of degrees of temperature would heat 9 lb. of iron to the same 
extent. 

In South America,’ very sensitive barometers are made by 
glueing together strips of red cedar and seasoned pine, as 
follows: A strip of cedar, about 30 in. long, 14 in. wide, and 
4 in. thick, is cut “ with the grain,” and to one side of it are 
glued strips of pine of equal thickness, with the grain running 
transversely to that of the cedar. The compound strip is set on 
end, and according to the state of the atmosphere, it will bend 
over more or less to one side, 

The hands, when covered with a slight moisture, have been 
dipped without injury into melted iron. 

Mercury congeals at 38.6° Fahrenheit below the zero of that 
scale, or at about 70° of “frost.” The greatest artificial cold 
ever produced is stated by Faraday at 135° below zero. At the 
latter temperature alcohol did not freeze. The greatest degree 
of atmospheric cold, as ascertained by a spirit thermometer, was 
stated by Back at — 77°, by Ross at — 60°, and by Parry at — 
55°. ‘The lowest temperature in 1859, at the works of the 
Victoria Bridge, Montreal, was 42° below zero. 

Locomotive tyres are sometimes removed from the wheels, 
without taking the latter from under the engine, by first re- 
moving the rivets and then expanding the tyre by placing need 
segments of old tyres around it, or by enclosing it in a sort 0 
plate metal flue, open at the top, and by making a fire at the 
bottom, 

The strength of copper is dimini 
a temperature of 122° to 602°. Iron has been fo 
crease in strength up to 550°, above which potut 11s a 
diminishes. “ol 

Wrought iron, in being heated from 52° # r* ae 
the rate of 1 in. in every 450 of its length; and thus a loco he 
tive boiler, 16 ft. long, would be expanded nearly ote Feo 
of an inch, an amount which bas been verified by careful meas 


ment. : 
i imi jec h have, 
Cast-iron lathe beds, and other similar objects, whic 
teu soumped by fire, as where workshops huve been burnt — 
may be approximately straightened by being heated, and by 
being loaded whilst in that state, with weights properly ap| 


shed one-third in rising from 
found to in- 
gth 
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FLOATING WORKSHOPS FOR THE EGYPTIAN GOVERNMENT. 


DESIGNED BY MR. J. J, BIRCKEL, ENGINEER. 
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In the woodcuts given above, we have illustrated one of a 
set of three floating workshops lately constructed in this country 
for the Egyptian Government, for the purpose of repairing the 
machinery of gunboats and of other vessels of the~ public ser- 
vice. They were designed by Mr. J. J. Birckel for a Liverpool 
firm, from a specification of which the main particulars are 
given below, and the peculiar interest attaching to them is the 
fact of their being specially built forthe purpose named, and 
with a very small draught to enable them to run into shallow 
waters beyond the reach of ordinary vessels of war. 
The three boats, which were all of the same build, were of the 
following dimensions: Length at water line, 110 ft. ; beam, 
17 ft.; draft when loaded, 2 ft. 6in. ‘They were specified to be 
made of ,§; Lowmoor iron in the skin, but, owing to the difficulty 
of keeping to the specified draft, it was found necessary to sub- 
stitute steel in the stead of it, in order to combine the greatest pos- 
sible strength with the least accompanying weight. The skin was, 
therefore, made of 3%; plates; the frames proper of the hull were 
placed 3 ft. 6 in. apart, and made of L_ iron 2} in. x 2 in. x 3% in., 
and the deck-frames corresponding with these of bulb L iron, 
din. x 2}in.x}in. The floor plates were 9 in. deep by in. thick, 
provided at the level of the floor with an L_ iron 2 in. x2 in. x 4in., 
and an additional floor-frame of the same kind and dimensions 
Was introduced between the frames of the hull, thus placing the 
former 1ft. Qin. apart. The keel was made of plate 14 in. 
deep by din. thick, tapering to 3%; at the bows and stern, and 
Nivetted to the bottom by two L irons 23 in. x 2}in. x in. Two 
bulb L irons 4 in.x2 in.x} in., and two plates 6 in. xin. 
Tivetted to the keel plate and to the floor angles, performed duty 
as keelsons, and two sister keelsons, made each of acouple of 
L irons 3 in, x3 in. x 4 in., riveted back to back and to the floor, 
Were also provided. ‘The deck stringers were 24 in, wide by } in. 
thick at midships, tapering down to 15 in.x ,*, in, at ends, and 
the floor stringers consisted of L irons 3 in.x3 in.x4 in. 
Additional stiffness was given to the hyll by a plate 73 in. 
X Yein., and two L irons 3 in. xX 2}in.x in. running along 
its sides at the level of the window-cills. 
The engines were of 20 horse power nominal, and their con- 
struction was similar to that of a locomotive engine with sta- 
Uonary link, with this difference that the cylinders and the motion- 
Work were placed on the top of the boiler instead of being under- 
heath it. There were two cylinders, each 10 in. diameter by 16 in. 
stroke; the boiler barrel was 3 ft. 9 in. diameter inside by 8 ft. 
ong; the firebox, 4 ft. x3 ft, 103 in. outside; the total heating 
Surface was 410 square feet, namely, 60 tubes 23 in. diameter 
by 8 ft. 54 in. long=356 square feet, and 54 square feet in the 
firebox, The engine was calculated to make 120 revolutions per 
minute, and could drive the shafting of the machinery, the 
paddles being disconnected, by suitable gearing. The speed of 
the paddles, which were ten feet diameter, was calculated at 
364 revolutions per minute, with a view to propelling the boats 
at a speed of seven miles per hour in still water, ample allowance 
ing made for slip, 
Py boats, though not intended for seagoing purposes, were 
Ale With two masts chiefly for their trip from Liverpool to 
— and this trip they performed satisfactorily on th, 

ole, notwithstanding the heavy weather which they met Wit), 








on their way. They appear, therefore, in point ot strength to 
have been quite equal to any duty which they ever might have 
to perform. 

The machinery in the joiners’ and carpenters’ shop includes a 
vertical saw-frame, a circular saw, a morticing machine, a wood- 
turning lathe, and a band saw, besides other miscellaneous tools 
and fittings, including a grindstone and a portable round hearth. 
The foundry is provided with one cupola of iron plates, to be built 
round with bricks, the diameter of the cupola being 3 ft , and its 
iron chimney being carried 10 ft. above the deck. The foundry 
also contains six smiths’ fires, each provided with an anvil and 
suitable tools, the blast for these fires as well as for the cupola 
being supplied by one of Schiele’s noiseless fans. There is also 
a three-ton crane, for the use of the moulders; one hearth and 
brass furnace for two crucibles (each to hold 50 1b. of metal) ; 
one core furnace made of brick, stayed with iron and furnished 
with a chimney carried high above the deck ; one small grinding 
mill for grinding sand and charcoal for the use of the moulders ; 
one bench with two vices and small drill, four ladles, to hold each 
from 4cwt. to lewt.; and a complete set of moulders’ tools, 
moulding-frames, &c. 

The plant of the fitting and machine shop includes three 
self-acting lathes for sliding, screwing, and surfacing, one having 
7 in., another 10 in., and the third 15 in. centres; one self-acting 
planing machine, capable of taking in objects 4 ft. high by 8 ft. 
wide; one small shaping machine, one radial drilling machine, 
with 4 ft. arm, one small vertical drilling and boring machine, 
one slotting machine, one screwing machine, one punching and 
shearing machine, two portable round hearths, one grindstone 
frame, and one bench provided with six vices and a small revoly- 
ing drill. All the machines above mentioned, are fully provided 
with the necessary tools and gear, and, indeed, the workshops 
are complete in every respect. 


THE RIDING-SCHOOL AT MOSCOW. 
To THE Epitor of ENGINEERING. 

Srr,—Having read in your last number your remarks as to 
the approximate span of the Moscow Riding-school roof, under 
the head of Russia, perhaps it may interest you to have one or 
two more exact dimensions. The clear span between the two 
side walls is 147 ft. (21 sagenes)..* The walls are of brick, 
10 ft. 6 in. thick (14 sagenes). There are 45 principals, en- 
tirely of wood, and the external coverjng is of sheet iron, as is 
usual in Russian cities and towns. The height from the sand 
level to the underside of the principals is 42 ft. (6 sagenes), and 
the total length of the building is 574 ft. (82 sagenes). This 
riding-school was erected by General Betancourt, about the 
year 1817. 








Yours, a Subscriber, 
Noy. 14, 1866. 








Sream CARRIAGES.—A line of steam carriages for common 
roads, the experiments with which have succeeded between 
Nantes and Paris, is about to be established from Marseilles to 
Aubagne, a small town situated sixteen kilometres (ten miles 
off. There are to be three departures daily from each end, an 
the price of a return ticket will be 1fr. 20c. 
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THE PERSIAN GULF CABLE. 
To THE Eprror oF ENGINEERING. 


Srr,—In your article of last week on the Atlantic telegraph 
a table is given showing the rate of signalling on the sections of 
the Persian Gulf cable. In the column for Remarks it is noted, 
opposite’ the Manora and Gwadur section, “ There was a heavy 
leakage on this section.” Permit me to remark that there has 
never been any leakage on that or any other section of the 
Persian Gulf cable, except, of course, during such few days as 
the cable, when mechanically and entirely severed, remained 
unrepaired. : 

The section in question always tested, during the year I had 
engineering charge of the line, from 260 to 280 millious of units 
per nautical mile, and, by letters received by last mail, I Pm 
ceive the tests from Gwadur give 271 millions of units, This, 
allowing for the difference of temperature, would be at least 50 

r cent. better than the best section of the Malta and Alexan- 

ria cable. \ 

I am at a loss to conceive, therefore, from whence the writer 
of the article could have been so misinformed, particularly as 
the table itself was furnished by me to the writer, and did not 
contain any such misstatement. _ ‘ : , 

As I had charge of the operation of laying this section (for 
Messrs. Bright and Clark), and repaired and maintained it 
during a year, you will readily perceive that I feel some interest 
in seeing such an error corrected. } 

I am, Sir, your obedient Servant, 
F. C. Wess. 

P.S.—Since writing the above, I see that the experiment be- 
tween Mussendon and Fao is noted in a remark to be “‘ by transla 
tion at Bushire,” and that between Mussendon and Manora to be 
‘*by translation at Gwadur.” These remarks are also incorrect, 
those experiments were made direct between those stations 
without any translations at the intermediate stations. 








Tue Sreamsuip Pererre.—The Journal du Havre, of the 
8th inst., contains the following: “ A despatch received through 
the Transatlantic Cable announces the arrival at New York, on 
the Sth inst., after a voyage of only nine days, of the French 
Transatlantique steamer Pereire, Captain Duchesne, which left 
Havre on'the 25th October, and Brest on the 27th, about 3 p.m. 
This is, we believe, the quickest passage which bas yet been 
accomplished between Europe and America, and is the more ex- 
traordinary when the unfavourable season is taken into account. 
The Pereire was built last year for the Transatlantic Company 
by Messrs. R. Napier.and Son. 

A Monster Rawway.—The. aggregate sum expended by 
the Paris, Lyons, and Mediterranean Railway Company on its 
old and new networks combiued, amounted at the close of 1865 
to no less than 76,686,019/., while at least 16,000,000/. more 
is required to complete the works on hand, which will carry the 
company’s system to about 3200 miles. Many of our readers 
are aware probably that the company does not find France 
sufficiently extensive to satisfy its ambition, and that it has 
accordingly crossed the Mediterranean, and is now prosecuting 
a number of lines in Algeria. 
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The Student’s Tert-Book of Ele ctricity. 
Noap, Ph.D., F.R.S., F.C.S., &e. London : 
and Co., 7, Stationers’ Hall-court. 

Tne great majority of electrical students of the 
present day are to be found amongst those who are 
actively and practically employed in telegraphic 
pursuits, and the great aim of our “ bookmakers” on 
electrical subjects should be to render their works 
acceptable and comprehensible by these neophytes. 
Dr. joad, whose prolific pen has done good service 
in eleotric matters, has added to his already well-earned 
reputation by the production of one of the most excellent 
text-books upon the subject, in which he has faith- 
fully endeavoured to present a true reflex of the 
present state of electrical science in a form specially 
intended for the of students. It is one that 
commends itself to every beginner. It not only enters 
thoroughly into the rudiments of the science, but it 
refers every law enunciated, and .every point dis- 
cussed, to 1t8 discoverer or enuneciator. This is of 
great importance ‘to those who wish to pursue their 
studies to the higher branches, because it enables them 
at once to seek their authorities and examine their 
researches. This is particularly the case with that 
portion which deals with submarine telegraphy, where 
every telegraphist is anxious to unravel the mysteries 
of retardation and the velocity of currents through 
cables, and upon which subject most text-books and 
treatises are silent. The absence of references is a great 
defect in most modern scientific treatises, and par- 
ticularly in those relating to electricity. In Dr. Noaa’s 
book nearly every branch of the subject can, however, be 
pursued to its source, and the student can find nearly all 
that has been done.jn it. It is as much a compilation 
of the labours of others as itis a monument of the 
author’s labours. Dr. Noad has, however, given too little 
space fp the description and elucidation of the wonders 
of the electric telegraph, and the little information he 
has given is crude andancient. This is the only defect 
of the book. 
the large heavy double-needle instrument that has 
departed this life for many years, except in some 
secluded corners upon the South-Eastern and Midland 
lines of railway a woodcut that has done ser 
in nearly every book that has been devoted to ti 
subject, and that carries the mind of old telegrap'iists 
to the days when they used to perch their litt! 
messengers astride the Parthenon-like roofs of thei 
instruments to maintain by a suspended magnet 
steadiness of their needles. Where is its light 
elegant autitype, the present needle instrument, 
compared with Dr. Noad’s illustration, is like the | 
mettle racer by the side of the cumbersome bre, 
dray-horse ? 

His single-needle instrument again is to be foun 
nowhere but amongst the relics of the past, in th 
board-room of the Electric Telegraph Company ; 
his alphabets, both single-needle and Morse, 
entirely wrong. He introduces the long-since d 
cone and winder in his illustrations of insulat: 
supports for overground wires. Indeed, on this p 
the subject Dr. Noad is twenty years behind the a: 

Again, little or no notice is taken of the numerous 
and important applications of elect ricity to the protee- 
tion of life and safety of traffic on railways—the perfect 
semaphore system of Preece, Tylers’s signals, Clark’s 
blacked needle, and Spagnoletti’s dises, &e. Dr. Noad’s 
information on this large and rapidly increasing branch 
of the subject is evidently very circumscribed. How- 
ever, the short-comings of: the practical branch are 
compensated by the excellence of the elementary 
part, and we can strongly recommend the. work as 
an admirable text-book to every student—beginner or 
advanced—of electricity. Dr. Noad touches but 
lightly upon the bée noire of the telegraphist, viz., 
the definitions of the science, which are in a hope- 
less state of muddle in all writings on the subject. 
hese upon which there should be no misunderstanding, 
and no doubt, have become confusion worse con- 
founded. The student is przaled, the beginner dumb- 
founded, and the proficient often confused. Ohm, the 
father of the mathematieal theory of electricity, has 
enunciated the simple law that the current of electricity 
flowing in a circuit is always the quotient of the force 
generated and the resistance or obstacle introduced 
in its path. Its general equation is 

cat 
K 

and it is simply in defining the functions C and E 

that so many differences have arisen. C is variously 

termed the current, tlie magnitude, strength, force, 


use 


’ 


There is the old and well-known cut of 








power, quantity, intensity, ef hoc genus omne of the cur- 
rent; E is termed the electro-motive force, electro- 
motive intensity, tension, intensity, potential, &., o 
the current. Dr. Noad adopts Professor Clark Max- 
well’s, and Mr. Fleming Jenkin’s definitions; but he has 
alluded also, and almost in the same breath, to Mr. 
Latimer’s excellent definition of quantity. 

The difficulty is this. Practical telegraphists have 
adopted two clear and fixed definitions, viz., tension 
and quantity. The C of Ohm’s law, as above given, is 
known and understood by them as the quantity of the 
current. E, the electro-motive force of the battery, and 
called so only in the battery’s or other exciting agent, is 
known as the ¢ension of the current at its various 
points. Some would call (C) quantity iztensity, be- 
cause they do so abroad; but they might as well call 
chalk cheese, for intensity is-only another, but-now 
almost obsolete, word for tension; others, for the 
sake of avoiding any ambiguity or collusion with the 
well-defined term quantity of static change, would call 
it simply current ; but there is as much distinction be- 
tween quantity of current and quantity of static change, 
or simply quantity of electricity, as there is between 
quantity of beer and quantity of hops. They define 
two distinct and clear ideas, which» cannot be con- 
founded when thoroughly grasped, as they are by all 
telegraphists, and which cannot be rendered obsolete by 
the introduction of such terms as “current,’’ “strength 
of current,” &c. Dr. Noad, or any electrician, would 
do good service if they could determine the definitions 
of the science on a clear and unmistakable basis. 

The illustrations throughout the whole work are 
most excellent, and most of the, recent novelties, 
Thomson’s reflecting galvanometer, Wheatstone’s 
bridge, Thomson’s electrometer, the “B. A. unit,” &c., 
are fully detailed; but there is no description of Gou- 
gain’s admirable adaptation of the tangent galvano- 
meter, as constructed by Mr. Becker, of Llliott 
Brothers’ firm, or of the condenser that plays so im- 
portant a part in the working of the Atlantic telegraph. 

In the description of induction coils (modernised 
into “ixductoria’’) and their various effects our author 
is unequalled. This portion of itself forms a little trea- 
tise, aud the beautiful experiments of that Maecenas of 
ricians, Mr, Janiott, are well pourtrayed. The 

hould certainly be in every telegraphist’s library. 


} 
Ciel 


Morran.—A correspondent of the Builder writes as follows: 
The practice attributed to the Romans of mixing their mortar 


| for two or three years before using it, obtains even at the pre- 
| sent day in some places, 


While engaged, a few years ago, on a 
railway in the north of Spain, I found that the mortar we em- 
ployed (prepared exactly as in England, and used fresh) took 
several months to harden, which oecasioned us great incon- 
venience in retaining walls and similar works that had to be 
loaded as soon as finished. I found, also, that the mortar in 
some of the old buildings of the country, which we had to pull 
down, was often harder than the stones it united. This natu- 


| rally set me inquiring, and I ascertained that the custom there 


was to make the mortar a year or two before it was to be used. 
In some convenient place in the town was a large mound of 
mortar, containing several hundred cubic metres, not covered 
up, but exposed to the air. When required for use, some of 
this heap (which, an inch or two below the surface, was of about 

e consistency of stiff clay) was excavated with the spade and 
rebeaten and thoroughly well mixed with a proper quantity of 
water. When used, this set quickly and well, and made excel- 
lent mortar, far superior to ours, which was carefully specified 
| in England) to be ‘ fresh mixed.’” 

LANDHOLDERS AND SuRVEYoRs.—Those who have read of 
the violent opposition of landholders to the surveys for the 
Liverpool and Manchester Railway have no doubt supposed that 
amore rational policy now prevails. We happen, however, to 
know of a case in which the surveys for improved water supply 
to one of the larger manufacturing towns in the north are being 
opposed in every way, and with every assurance of violence in 
case the surveyors are caught. Well-mounted men and men 
with clubs and dogs are’ on the watch, night and day, and 
although three or four parties of surveyors have been employed, 
so that one might be engaged while the others were being driven 
off, they have all failed to obtain the required levels for the 
plans for parliamentary deposit. It is time that surveys 
for any work in the interest of the public were protected 
by an act rendering it a criminal offence for any person, land- 
holder or otherwise, to drive off or even to interrupt a surveyor, 
duly certificated, no matter where employed. The matter is 
quite within the power of Parliament, and it should be dealt 
with in the next session. 

Key Seatinc.—We saw this week, in a Leeds tool factory, 
a design for a machine to cut the key seats at both ends of a 
locomotive crank axle at one operation, the key seats being cut 
also exactly 90° apart in their position with reference to the cir- 
eumference of the axle. The axle is to be centred, and two 
rose cutters are to be worked, one of them on the top of one 
end of the axle, and the other at the side of the other end; the 
axis of one cutter being horizontal, and that of the other vertical. 
We believe the machine is being made for Mr. Ramsbottom, at 
the Crewe works. 

301ILER ExpLostons.—The boiler of an engine employed on 
the works of the Thames Embankment, near the Temple, ex- 
ploded a few days ago. The violence of the concussion was so 
great that the houses in the locality were considerably shaken, 
and some of the débris fell into the works of the. City Gas 
Company. A boiler has since exploded at Preston. 





THE WOODHEAD TUNNEL. 


Tue Longden ridge, which intersects the point 
where Yorkshire, Lancashire, Cheshire, and Derby. 
shire touch, or nearly touch each other, and from which 
the head waters of the Mersey, the Don, and the Trent 
flow in nearly opposite directions, is commonly known 
as “the backbone of England.” It is a broken range 
of millstone grit, covered with wide patches of heather, 
but otherwise barren of vegetation and of life. The 
old coach road—and a good road it is still—from Man. 
chester to Sheffield, crosses it by a winding course at 
an elevation of nearly 1600 ft. above the sea, passing 
on its way a once busy but now utterly ruined village, 
formerly the home of a little community of lead-miners, 
whose fights—and they were many—came off near the 
meeting-point of the four counties, already named, at 
*Four-lanes End,” now known as “ Fiddler’s-green,” 
or, with greater brevity, “ Fiddler,’ a place as lonely 
as the “ blasted heath” on which the witches met Mac- 
beth could possibly have been. 

The Manchester, Sheffield, and Lincolnshire Rail- 
way, which is carried up the valley of the Etherow on 
the west, and down the valley of the Don on the east, 
attains an elevation of nearly 1000 ft. above the sea at 
Dunford, or Don Ford Bridge, on the eastern slope of 
the Longden ridge. Between the head waters of the 
Don at this point-and the Etherow: at Woodhead—the 
latter stream being the principal confluent of the 
Mersey—three miles or more of the barren ridge of 
Longden intervene, and here it became necessary to 
cut, not absolutely the longest, but certainly the most 
remarkable railway tunnel in England, and, disregard- 
ing the Mont Cenis and the Hoosac tunnels, now in 

rogress, the most: remarkable in the world. The 

Voodhead tunnel, or pair of tunnels—for there is a 
separate tunnel to each single line of rails—is 3 miles 
44 yards long, as chained by Mr. ‘R. Price Williams, 
the well-known author of the most important paper yet 
read at the Institution of Civil Engieers upon per- 
manent way, and who was at one time in charge, as 
resident engineer, of this important portion of the 
M. 8. and L. (Money Sunk and Lost?) Railway. The 
south or down tunnel was opened: in December 1845, 
and averages 14-ft. 6in. wide. It-is arched for most 
of the way, the arched roof being of nearly the form of 
the little end of an egg. The north or up tunnel was 
made with the aid of twenty-five lateral shafts from the 
down tunnel, and at a distance of 18 ft. from it, the 
up tunnel having been opened. in February 1852. Both 
tunnels descend towards Manchester at the rate of 1 in 
201, and the approach from Sheffield rises at the 
average rate, for several miles, of 1 in 132. Halfway 
down there is a seam of lead, containing, we believe, a 
considerable quantity of silver, but, we need hardly 
add, it is not worked. The shafts—and there are five 
—descend, not into either tunnel, but into the 18 ft. 
wall between them. The deepest shaft plumbs about 
600 ft., und from nearly every one of them falls a con- 
stant run of water. Indeed, water is dropping from 
many portions of the roofs of both tunnels. The 
Electric Telegraph Company’s wires are carried through 
the north tunnel, objections having been raised against 
taking the wires over the mountain, in consequence of 
the danger to the grouse in flying against the wires. 
The Magnetic Company’s wires still extend along the 
old coach road over the mountain, and it is a fact that 
they so cut down the grouse that many of the inhabi- 
tants of the hamlets down the valley come to catch 
them as they fall, and they bag a handsome lot. 

The Woodhead tunnel falls about 80 ft. from Dunford 
Bridge to Woodhead, and a pair of 15 in. drains has 
been made on either side of both tunnels. These drains, 
dry at Dunford Bridge, carry a good stream of water 
at Woodhead; and we learn that trout come several 
hundred yards up into the lower end of the tunnel to 
spawn. These drains carry off, not only the natural 
surface-drainage at the Dunford Bridge end, but the 
unceasing flow of water from the shafts and the roots 
of both tunnels. The drainage is at any rate efficient ; 
for the permanent way—and its condition 1s always 
the best test of drainage—is admirable, equal to any- 
thing to be found on the leading railways in the 
kingdom. 

The Woodhead tunnel has a castellated entrance, 
with buttressed and loopholed towers at each end. 
There is no inscription that we could see. Twelve 
years ago we visited a mountain tunnel under the 
‘Alleghanies,' in America. It had a tablet at each 
entrance, and we wrote, “Tis well that man shoulc 
* leave his record upon the work, for else in the high 
“ solitude of the place it might.seem part of the 
“ eternal architecture of the hills.” No one can walk 
through the Woodhead tunnel, as we did, without 
recognising it as one of the greatnesses of Eng 
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THE AIREDALE FOUNDRY, Ty REEDS: : 

Tue old building ny which; Mi, \Kitsom,, of, Jueads, 
constructed his first.;locqupptixe ;.is, stil], standing... It 
was erected in 1839; and, jas it,had.butyane siaall.deqr, 
much cpyigsi 
engine, high, had.dgeu ppt togethe 
got outa; MB SAAB ved dhe, i fy jatithe proper 
time by. Rahn dar24, QPEHAE, fox, 2 door, hronely 
the brigks del. : Stace, that, fame jthe, works, haye 


been aa extendg te gare still inj cquase 
PEA! 0 


Hy, 38, wanilested toknom, shaw Ale, 
Eingiple, was tayhe 


of extensiftp.and, upirards, ‘ locomotives; have. 
been tuyae “ap hs Hr Kitgon.ang his partuersy/ o,, 
At the presente ; tankyengines ,ave being 


by ine ae ty 
made a RiraliPt ale, Foundry for, working the: Joug 
ghat inclines of 1 im 37 of the Great Indian Peninsula 
Railway, neay;., Bombay... Lhese, engines. have inside 
cylinders, 4$,1n, by, 24in,,. and eight, coupled wheels, 
4 ft. in, diameter, and, covering, a wheel. base of 
15 ft. 2in.,....A saddle tank, to, hold, upwards of 1500 
gallons,,js, placed upon, the hailer- The whole weight, 
is 39 tons, empty,,and,20:5, tons, loaded... As the trail- 
ing axle Js npmediately heneath, the firebox, the distri- 
bution ;of,..the, weighty is nearly. equal: upon all the 
wheels, ,All ithe, wheels have flanges, and the engines 
are to Bygheastony cunyes; of 600ft, radius, They 
are nae to,rup, round still shorter curves, viz., 200 ft., 
before leaying,the;works. The boilers, intended to be 
worked.,at;1501b., haye am inclined firegrate of 20 
square, feet area, 100 square feet, of firebox , surface, 
and 160,tubes,,2.in. in. diameter, and, 13 ft. 4 in. long, 
presenting £110 square feet, of extemal surface. : 
Among. other, work going forward at Messrs, Kitson, 
are several, heavy, coupled engines with, bogies, for the 
Ceylon, Railyyay,.and.a cast-iron lighthouse, 7d¢ft... in 
height aud weighing 180 tons, has, just, been completed 
for Queensland, * Several similar lig sthouses: have, been. 
lately shipped by other firms to the, same; coast... 


FELVTERING WATER, 

Tue Sceess’ with which animal charcoal ‘lids “been 
employed: for; filtering ‘the East Loudon 'Companiy’s 
water, as’ supplied’ to’ the’ 700 occupants ’ of “Miss 
Burdett Coutts’s-model lodging-houses in-Golumbia- 
square, has been! remarkable, “Dr. Frankland has 
found (and we drew attention to thefact in ENGINEER- 
Inc of the 26th ult., page 325)-thatthe solid impuyi- 
ties were reduced from 80.2 grains per gallon to 21.76 
grains, the organic matter from 1.25 grains to 0.28 
grain, and the hardness (7. e., the number of, grains of 
bicarbonate of lime or its €quivalentin 100,000 parts) 
from 20.2 to 7.1. 

One of the most energetic purifiers of wi 
filtration is Mr. Thomas Spencer’s artificia 
magnetic oxide of iron. Filter-beds, i 
of this material are overlain by sand, afe | 
Wakefield, supplied_trom the -Catd¢r, the watter| 
taken from the rivér is very! Lagu. | Mr. Pali 
engineer to the Wakefield Waterworks, as he 1s alsoto 
those of the Corporation of Leeds, has two.filter-beds of 
500 square yards each ‘at ‘Wakeliéld, ‘having each a 
layer of 9in. of Mr. Spencer’s oxide overlaid with 
sand. ‘Two more beds, of 600 square yards each, are 
to have a layer of oxide of the same thickness, and 
thus nearly half an acre of filtering oxide will soon be 
in use in Wakefield alone. The effect upon the water 
ismagicale It is not only cleared in its appearance, 
but its organic impurities ‘are nearly all removed. At 
Southport the water ‘contained carburet of iron, which 
turned the tea made with it to the blackest of ink. 
This has been also removed by the oxide of iron. 

In preparing his oxide, Mr. Spencer calcines red 
hematite ore along with: hard-wood sawdust for five or 
six hours in a close retort. This is all that is required 
to convert the ore into a black granular mass, which 
18 strongly magnetic. Delivered at the works where 
it is employed, the cost is about 4/. per ton. 


Locomotive Crank Axtes—The Belgian locomotives, 
With 18 in, cylinders, have cranks only half a metre, or a 193} in., 
apart centres, a single middle bearing being made between the 
cranks, and the eccentrics being placed outside. The slide valves 
are on the outside of the cylinders. An engine thus made was 
exhibited by La Société de Couillet at the International Exhibi- 
ton of 1862, and we this week saw cranks for the same class 
of engines in course of finishing at Messrs. Kitson’s, Leeds. 

Fis Bours.—On one line of railway in the north the resident 
engineer fined his foreman of permanent way for every loose nut 


— upon a fish bolt, unless the thread had stripped or was 
ound to have been originally: defective. The foreman soon 


found a way to keep the nuts tight, and this was by merely 
Painting the thread with white paint. 

Brake Vans.—Upon how many railways are passenger trains 
run without a brake van behind? " We this week rode in a well- 
din train between Sheffield and Leeds without this almost in- 

peusable provision for safety. 


+4 €conomised, 


| side, as with horses. 


“afer by | 
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no} in) | 
Wakefield, Southport, and Wisheach. In Whe 
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2ENSTITUTION ‘OF CLVIL 'ENGINEDRS, 
a 5 ok fyi AV QUe ABO ACO casa ey. ne 
¥, Esq., President, in 
pdt first peper read was on the ‘ Results. of the, Employment, 
of Steam Power in ‘lowing’ VéeSsbls’ on ‘the Gloatester ‘Aid 
BeyMelgy Oh ith> Up Vir. W! BSG lagen! MC THMELCLE J 19d £9 

V! Helv astotdeetd liieato chiy inavightibh was 16} umiles du lerigthi, 
and }evel\Frourretih tovendoy (Fhe width) att the ysuriace dared 


it 


Folin Foule the Caper 


from j80 tte $e. LAAT a¥ih pRsAiNg places. 50 tt. ft, 
Wide, and at the; “a from 13 fies Haney theta i of 
water was from '18 ff. to ‘18 ft. 6in.”” Sea-going yesstls Tip td. 


760 tons register} ant driwine 26 ft., could by it reach Ghitrtester! 
(Pifior! tp the year/1 860) ‘tliese vessels. were towed byhomseby at & 
cost of abgutione-fanthing per ton 'pety mile, and at, speeds yary- | 
ing from, £ myle.to.3 mniles..an,bour.. At the date named, three, 
steam ‘tugs, fitted wath high-pressure, engine and screw-pro- 
pellers, were purchased ‘complete for ‘the sum of 3000/., and 

wert placéd upon thié ¢arial to do this work. Two men and one 
boy were employed in'edch tug, and the consumption of coals in | 
each was from 15 ewt,,, to, 20 cwt, every twelve working hours. 
In the four years endingthe 25th March, 1865, 1,059,137 tons 
register of shipping had been towed 16 miles, carrying 1,109,334 
tons of goods, at a cost of '64007., including 15 per cent. per 
anti on'the''price of! the tugs, to cover interest of money, 

repairs, and renewals. Applying this outlay to the tonnage of 
the, vessels towed, it gaye 1.45 penny per ton for 16 miles, or 
0906 (about ove-eleventh) of a penny per ton per mile—being a 
saving of not far short of two-thirds as compared with the 
haulage by horses. In consequence of a larger and more regular 
trade in the 'six months ending the 25th September, 186, the 
cost during that period did not exceed one-thirteenth of a penny. 
per ton per mile, Appligd to the goods,conveyed in the vessels 
in the four years, the result was .0865 of a penny per ton per 
mile. The vessels were, towed either singly or ina train, accord- 
tng to circumstances. ‘Sometimes as many as nine, ten, and 
vert thirteen laden vessels! liad been taken by one tug at the 
vate-of from S miles to 3}ailes an hour, ‘the’ heaviest load 
atter any, one! tug: had been, 1690 tons of goods, \in three vessels, 

which were towed along the whole length of the,canal at a speed 

of 2 miles an hour. For the smaller class of vessels, the speed? 
is ‘a rule, Was ‘restricted 'to 4 miles‘an hour. 

The employment of steam as a towing | power had been found 
in /pearly | every) way) advantageous,,,; The) work,|was greatly) 
‘The vessels rubbed much less,against; the sides of 
the banks, the;towing power being right, ahead, and not on one 
The wear to the ropes used im tracking 
was reduced ; and vessels ‘could be moved along 'the canal itt 
weather which would’ have prevented horses doing the work. 
Thespeed also was increased, and, owing to this, there was now 
no deposit on the sides of the canal, which formerly took, place, 


at the bottom, whence it could readily be taken out by dredging. 
The only disadvantage of this system, in, a canal the sides of 
which at the water’s edge were unprotected, was the additional 
wear at that part, caused by the constant passage of the tugs, and 
by the ‘‘run” of the water between the sides\ot the larger vessels 
and the banks. This action upon the banks was-confined to a 
space of about 18 in. only, one-half of which was below and the 
other half above the water line. ,On this ¢anal-a band of good 
weather-stone pitching, 2 ft. wide, had completely prevented the 
injury, presenting a face along which the water ran harmlessly. 
It cost ationt 180/. per mile;,but, as a set-off to this expense, 
there was the diminished wear of the towing-path by the horses, 
T iderabte-— 
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dond paper read was “Qnthe Employment of Steam 
if n the Grand Canal, \Ireland,” by Mr. 8. Healy. 

itiw: _ eherder that on He? system of navigation, which was 

RICO/mile ‘ 


in length, the lowks were 6 
rides 2 Pot ft. Qin. pf water being? 
the|tratling|depth jdfthe boats wns} 
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|ejlls, d to 4 ft\\Zin. 
The width of the canal varied from 60 ft. to 80 ft., shallowing at 
each side, so as to admit of about 30 ft. of navigable breadth 
in the centre. Upwards of 300,000 tons ‘of goods are carried 
annually over this system, in and out of Dublin. 

It was observed that, steam power was applicable to canal 
navigation in either of two ways, and both had been attempted 
on’ the Grand Canal. First, by placing the machinery in the 
boats with the cargo; and secondly, by employing steam power 
merely for towing boats or barges in trains, Trials had also 
been made with both asingle and a double screw, but the latter 
was deemed to be unsuitable for canal purposes. In the first 
efiort to introduce ;steam power, a vessel was designed to carry 
cargo as well as the machinery; but hercarrying capacity was 
found to be so reduced as to render the speculation unremunera- 
tive. Within the last two years, however, a — of hauling 
boats in trains, by small but powerful steamers, had been success- 
fully brought into use on a long level of the canal, 253 miles. 
The screw which had been proved to be the best had a width of 
blade atthe circumference of 32in., cut away at the base to 
the extent that was consistent with strength; the pitch was an 
increasing one, varying from 5ft. 3in. to 7ft.9in. One of 
these steamers towed three laden boats, each carrying 40 tons 
of cargo, at the rate of 2} miles an hour; the pressure on the 
boiler being 60 1b. per square inch, the number of revolutions 
75 to 80 per minute, and the consumption of fuel, which was 
one part coal to three parts of slack, being 112 1b. per mile. 
The boats were 60 ft. long, and 138 ft. beam, drawing when laden 
4ft.of water. On that portion of the canal upon which steam 
power had been applied, horses had now been entirely with- 
deawn, and two steamers regularly performed a daily service 
both ways. 

On the river Shannon, the steamers designed to carry their 
own cargo had to pass through tocks, which limited their 
length to 72 ft., and beam to 13ft.3in. They carried 50 tons, 
with a draft of water of 4ft. 8in., and had been most successful. 

In the course of the discussion it was observed that a fourth 
steam-tug was now at work on the Gloucester and Berkeley 
Canal, and that in three weeks during the month of September 
last, four tugs had moved 35,280 tons 16 miles at a total cost 
of 145. 8s., being not quite one-sixteenth of a penny per ton 
per mile. On the Forth and Clyde and the Monkland canals, 
in the year 1856, a lighter, capable of carrying 80 tons of cargo, 
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and-was difficult to remove. At present the deposit was eutirely4 
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was fitted with small high-pressure engines, placed as close to 
;the stern as possible, and a screw -propeller. Having proved 
successful, engines were subsequently applied to a luggage-boat 


| carrying 35 tons, to one of the canal ice-breakers, to masted 


lighters, for canal and coasting trade, carrying 120 tons, and to 
a mineral barge conveying 60 tons on the Monkland Canal, and 
186,tons on the Forth and Clyde Canal. All of these had an- 
§yzexed satisfactorily, and had been precursors of seventy 
ers now at work on the Forth and Clyde navigation, and 
the canal tothe contiguous sea-coasts. In reference to 
‘thé strew tug-boat, Birmingham, which had been employed from 
'8853/to 1865 in hauling the barge traffic upon the summit level 
)of) the Regent’s Canal,—where the sectional area of the water- 
jway}traversed as compared with that of the vessels navigating 
the canal was about 4 to 1, except through the Maida Hill 
tunnel, for a length of 270 yards, where these proportions were 
24011,—it was stated that the cost of working that vessel for the 
leight months ending 31st May, 1865, was 3441. 2s, The dis- 
tauge traversed was 3519 miles; the number of barges hauled, 
Fina the gross amount of cargo conveyed, 59,738 tons, or with 
the, weight of the barges, 90,083 tons. The cost, including all 
chutges, had been 1.96 shilling per train mile, 1.38 penny per 
ton’of cargo, and .916 of a penny per ton gross weight. On the 
river Severn steam-tugs had been used for ten years; but now 
the most efficient plan was considered to be, that by which small 
direct-acting engines were fitted in a barge capable of taking 
40 tons of cargo, and of towing one, two, or three canal boats 
ifter her, according to the strength of the stream against which 
they had to contend. On the Weaver navigation, a canalised 
river, partly river and partly canal, the employment of steam 
(power had been so profitable, that all sailing vessels and haulin 
y, horses were being rapidly abandoned, when dependence woul 
be placed upon steam bargess alone. A series of experiments 
had been made on the Ashby-de-la-Zouch canal, for the purpose 
of determining whether the application of steam power would 
be limjurious to the canal, particularly to the banks, when it was 
found that no prejudicial action took place, so Jong as the speed 
Was limited to 3 miles or 3} miles an hour. 
- -¥t-was announced that the discussion upon the employment of 
4Steam Power on Canals” would beresumed at the next meet- 
‘fitz, Tuesday, November 20th, when the following paper would 
be read: ‘On the Smelting of Refractory Copper Ores with 
Whod as Fuel in Australia,” by Mr. J. L. Morgan, Assoc. 
inst. O.E. 








AMERICAN STEAMERS.—We make the following extracts 
from a letter lately published in the New York Tribune: “In 
the,case of the Central America a committee was appointed to 
examine into and report upon the causes of foundering. The 
committee did exqmine, but did not make the testimony public, 
the facts reflected so much disgrace on the American | nee 
ter that it was thought expedient not to print. This I had from 
two of the members of the committee. I hope that a com- 
mittee may be appointed to examine and report upon the losses 
of the steamer Evening Star, so that some legislation may be 
caused to prevent such criminal disasters hereafter. It is a 
general belief among those who are familiar with our sea-going 
steamers that the most of them are not equal to great emer- 
gencies, poorly manned and equipped, defective in the means of 
navigation, the compasses rarely corrected for errors belonging 
to steamers—they are merely coffins. As one of our most ex- 
perienced and trustworthy of ship-masters said, Mr. —~, a 
large owner in steamers, would send men to sea in a coffin if he 
could get pay for it; andit is too true, as these disaster show. 
It is not material to my general purpose to state the character 
of the Evening Star. Suffice it, however, to say that the 
Evening Star struck on the Pickle Reef, Florida, May 31, and 
made three voyages afterwards without being repaired. When 
her bottom was examined it was found that a-part of the false 
keel was athwart ships, bilge damaged, and 60 ft. of the keel had 
to be taken out, which; of course, weakened her. Besides, there 
was a hole stopped by a piece of coral rock. Now, as to the 
means of saving life in case of disaster, no steamers are pro- 
perly provided. Boats are, as a rule, useless, and steamers 
should be obliged to carry rafts, which can be stowed in a small 
space, and cannot be swamped jor upset, and can, as a general 
rule, carry all the persons on board. As to the manning of 
our steamers, deck hands, as they are called, are those to be 
relied upon for steering, making, and taking in sail in case the 
steam power isdamaged. ‘The statement below shows the num- 
of rm 8 hands of several steamers now in our port : 

Steamer of 1100 tons, 14 deck hands, half brig rig. 

Steamer of 1600 tons, 14 deck hands, brig rig. 

Steamer of 2700 tons, 14 deck hands, brig rig. 

Steamer of 1800 tons, 12 deck hands, brig rig. 

Steamer of 1300 tons, 8 deck hands, 

Steamer of 750 tons, - 6 deck hands, half brig rig. 

Steamer of 650 tons, 6 deck hands, schooner rig. 
It will be seen that there are not men enough to man the boats 
in case of distress, The fair rule of manning in sailing vessels 
is, for a vessel of 600 tons, 3 men to the hundred tons, giving 
18 men to this class of vessels; if 1000 tons, 2} men, giving 25 
men to this class; if 1500 tons, 24 men, giving 34 men to this 
last class.” 

Borter ScALE.—We lately referred’to an apparatus em- 
ployed in the States for preventing boiler scale, by suspending 
an insulated magnetised steel rod in the steam chamber, the 
rod having sharp points along its length. We hear from man 
and independent American sources that this apparatus 1s 
most successful, the results being almost incredible, 

LupricatinG PerroLeuM.—We have had several inquiries, 
which we are unable to answer, as to whether the lubricating 
petroleum, now so successfully used in the States, is sold in 
England. It would be well for engineers to experiment with 
some of the petroleum oils already in the market, although, if 
the results should prove unsatisfactury, it would only show that 
the proper quality of the oil had not been used. Of the success 
of lubricating petroleum in America there is no doubt. 

Weusu Raitways.—The Welsh lines. now, number between 
twenty-five and thirty, and comprise about 800 miles of railway. 
It is now proposed to amalgamate them under one manage- 
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of the blowing-engines at the works of the Furness Steel and-Iron 
which we give engravings on the present page and page 370, 
As will be seen by the side elevation given on page 370, the 
Lilleshall company’s jusily celebrated cold-blast iron. 
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WE have already published in this journal illustrated accounts* 
Company, the Carnforth Hematite Iron Company, and the Ebbw 
Vale Company, and to these we now add the fine engines of 
these engines being a pair erected by the Lilleshall Company at 
their own works for blowing five cold-blast furnaces. 
beams are of the “‘horsehead” class, and they are cast of the 
j Each 
beam is composed of two flitches placed about Sin. apart, 
the thickness of the bosses for the main centres being 


9in. The distance from centre to centre of steam and blow- 
ing cylinders is 30 ft., and the beams are supported midway 
between the cylinders upon an entablature 3 ft. deep, rest- 
ing upon four massive columns, these latter having a mean 
diameter of 17) in. The beams are 4 ft. 8 in. deep in the centre, 
and the main centres are 21 ft. 6 in. above the floor of house. 
They have journals 18 in. long by 10 in. diameter, and the 
plummer blocks are fixed upon saddles upon the entablature, 
and are each held down by five bolts, one bolt, 3 in. diameter, 
passing down right through the column below into the founda- 
tion. The main links are 4 ft. 3 i1. long between end centres, and 
have bearings 6 in. long by 44 in. diameter, and the radius links 
are connected to studs carried by brackets fixed to the spring 
beams. The columns and entablature, as well as the nozzles, 
are elaborately decorated in the Doric order. The spring beams, 
which are of pine, 20 in. by 12 in., pass through cast-iron saddles 
upon the entablature, and rest upon the walls of the house. 

The steam cylinders are 40 in. in diameter, with a stroke of 
8 ft. Gin, ; they are clothed with felt and mahogany lagging, and 
have an ornamental packing-stage round them. The piston- 
rods are of Bessemer steel; 4g in. diameter, and the pistons are 
fitted with metallic packing. The valves are of gun-metal, and 
are of the double-beat class, 10 in. in diameter ; they are worked 
by cams keyed upon a horizontal shaft below the floor, this 


* Vide ENGINEERING, Vol, i., page 18; and yol. ii., pages 67 and 166 
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shaft being set in motion from the crank-shaft, through the 
intervention of an intermediate shaft and bevel gearing. The 
steam is cut off at a quarter of the stroke. Figs. 1 and 2 show 
the arrangement of the valve gear, and Fig. 3 one of the valves 
separately. 

The air-pumps are 29 in. in diameter and 4 ft. 3 in. stroke 
and are each worked by a rod attached to the corresponding 
beam midway between centre of the steam cylinder and the 
main centre. The condensers are 29in. in diameter and 5 ft. 
9 in. high, the eduction pipes being led into the top. On the 
other side of the main centre, and at a distance of 4 ft. from it, 
there are attached to each beam three rods bracketed together, 
those working, respectively, two 6 in. feed pumps and one 14 in. 
cold-water pump. 

The connecting-rods are of oak, placed between two wrought- 
iron straps, each 5in.x1}in., bolted through with 7 in. bolts, 
and fitted at each end with cast blocks, brasses, gibs, and screw 
cotters. The rods are 27 ft. 5 in. long between end centres, and 
each is coupled to its beam at a point distant 13 ft. 4in., in a 
straight line, from the main centre, The lower ends are 
coupled to cast-iron cranks, 5ft. 2in. throw, the crank-pins 
being of hammered iron, with journals 63 in. long and 6 in. 
in diameter. The fly-wheel is 20 ft. in diameter, and weighs 
19 tons. The rim, which is 8in x 18in., is cast in one piece, 
and the arms, eight in number, are blocked and keyed into the 
rim, whilst the other ends are turned to fit holes in the centre 
bored to receive them. The centre is bored, and keyed on the 
shaft, this latter having journals 18in. long and 13 in. in dia- 
meter, whilst the wheel seat is 14 in. in diameter. 

The blowing cylinders are each 86 in. in diameter, and have 
the same stroke as the steam cylinders—viz., 8 ft. Gin. The 
inlet valves are placed in boxes on the cylinder covers, and on 
grids in the cylinder bases. Their combined area at one end of 
the cylinder is 53 square feet. The outlet valves are placed in 
wrought-iron boxes at the top and bottom of the cylinders, and 
their area at one end is 1.33 square feet. These valves are 
made of two thicknesses of leather sewn together, and as all the 
inlet and outlet openings are grated, no plates or weights are 





respectively. 


required, and the valves answer the piston readily, the result 
being a superior blast. The blowing cylinder piston-rods are of 
Bessemer steel, 6 in. in diameter. The — are ed with 
cotton gaskin (which, when set hard an lubricated with black 
lead, is found to work very satisfactorily), and are made with 
loose segments for naa of packing. The blast is supplied 
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cold to five furnaces, at a pressure of 34 1b. per square inch, the 
engines running at a speed of.17 strokes per minute, with a 
steam pressure of 35 lb. The blast is delivered from the cylin- 
ders into wrought-iron boxes at the top and bottom of the cylin- 
ders, these being connected by a 3 ft. wrought-iron pipe; and 
thence it is led through a conical pipe to the 5 ft. main, which 
supplies the tuyeres. There is a large opening in the engine- 
house in the rear of the blowing cylinders, fitted with a louvre to 
admit the air to the’ inlet valves. The cylinders are all firmly 
bedded upon stone foundations, and are each held down by four 
24 in. bolts passing down 15 ft. below the floor. La 
The engine-house is 58 ft. long:and 25 ft. wide, and is built or 
stone and brick, the walls being 3ft. thick. The engines are 
supplied with steam by five Cornish boilers, 31 ft. long, 7 ft. 7 in. 
in diameter, each having two 3 ft. flues through it. _ ‘The boilers 
are fired entirely by the waste gases from one of the furnaces. 
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These engines have been constantly at work for 4} een 
during which time they have never been out of repair, and they 
are in every respect creditable to the makers. Above, we One 
an indicator diagram recently taken from the top of one A > 
steam cylinders, which clearly shows the excellent working 
the valve-gear. 





SEWERAGE AT THE HAGUE. 

To THe Eprror oF ENGINEERING. 

Srr,—In your description of my pneumatic sewerage § — 
there occurs a typographical error of some importance, bes . ~ 
herewith wish to correct. On page 340, line 46, is _ ee 
the pressure within the reservoir is to be reduced iy i - 
sphere.” It should read instead thereof ® ones on 
perience has shown that this peculiar process 0 — nin 
scouring needs a pressure of about ten pounds per inc a 
effectual, I have to request that rae eee =" correct 

5 ient Servant, 
ee Cnares T. LIERNUR. 

84, Regent-square, W.C., Nov. 15, 1866. 

————— 
i i i hen in the 

AN iron ship, 300 ft., long, is about 1in. longer w 
Gulf Stream oo in the northern seas, with the poser at @ 
temperature of about 35°, the difference being due to the expall- 





sion of the iron in the warmer current. 
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WATER-TUBE BOILERS. 
(For Description, see the following Page.) 
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WATER-TUBE BOILERS. 

As early as the year 1784 James Watt proposed the construc- 
tion of a boiler having a number of tubes led through it, although 
whether he intended the heated air to pass through or around 
the tubes is by no means certain; and in 1803 Arthur Woolf 
patented a form of water-tube boiler, which was afterwards 
adopted in Cornwall, whilst one of them was set to work at 
Meux’s brewery in London. In April 1803 also, John 
C. Stevens, of New York, took out an American patent for a 
water-tube boiler intended for working at very high pressures, 
and this boiler he afterwards patented in England. From the date 
above mentioned to the present time a great number of kinds of 
water-tube boilers have foes proposed, and amongst them those 
of which we subjoin sketches. Fig. 1 represents a form of boiler 
patented by Hill in 1840, in which the water-tubes were placed 

"IC me - 
FIG.1 ZA stem do 
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in a slightly inclined position between two water spaces, the 
tops of these spaces being connected by pipes with a cylindrical 
steam dome, as shown, In Gilbert’s boiler, patented in 1857, 
the water-tubes are also slightly inclined, as shown in Fig. 2, 
and, in fact, in this boiler the arrangement of the water-tubes 
somewhat resembles that adopted in Mr. Dickerson’s boiler, de- 
scribed in our last number. Mr. Gilbert is an engineer of 
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abo > 
Montreal, and he has fitted his boilers to several river steamers ; 
they have been found to answer very well, but we believe that 
they do better for wood burning than for coal fuel. Another 
form of water-tube boiler is Howden’s, patented in 1862. This 
boiler is shown in Fig. 3, from which it will be seen that the 
water-tubes are disposed horizontally, both by the side of as well 
as over the firegrate. The ends of the tubes communicate with 
water spaces, the upper ends of which are connected with 


cylindrical steam chambers, as shown in the sketch. No 
arrangement is provided for promoting the circulation of the 
water. 
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On page 367, in Figs. 6 and 7, we give a longitudinal section 
and end elevation of a water-tube boiler patented by Mr. 
William Inglis, of Manchester, and erected by’ him at the 
Walker Ironworks, where it has been in use six months, supply- 
ing steam to an engine and steam-hammer. ‘The heating 
portion of the boiler is formed of 30 tubes, each 4 in. in diameter 
and 15 ft. long, placed in an inclined position over the firegrate, 
the ends of the tubes communicating with water spaces fitted 
with cast-iron covers or bonnets firmly secured by stay-bolts, 
The tubes are disposed in five horizontal rows, six in each row, 
and as—being longer than the firegrate—they project beyond 
the bridge, the flame and heated gases pass longitudinally along 
them, before descending to the flue leading to the chimney. 
The furnace enclosing the tubular portion of the boiler is built 
of brickwork, as shown in the engravings. 

The water spaces with which the tubes communicate are 
connected, by pipes 18 in. in diameter, with a cylindrical barrel, 
2 ft. 6 in. in diameter, extending the whole length of the boiler, 
as shown in Fig. 6, and in this barrel, to which the glass gauge 
and gauge cocks are fitted, the water level is maintained about 
up to thecentre line. Above the barrel just mentioned there is 
another shorter barrel, which acts as a steam chamber. From 
the engravings it will be seen that in this boiler care has been 
taken to ensure a good circulation by making the end water- 
spaces and connecting-pipes very capacious, and in practice the 
boiler has been found to answer exceedingly well. Besides the 
boiler at the Walker Ironworks, one has also been at work for 
four years at some paper mills, near Edinburgh, belonging to Mr. 
Henry Bruce, whilst another has been in use for two years at 
the Royal Victoria Dockyard, Cork, where it is giving great 
satisfaction. Both the boilers just mentioned have about 800 
square feet of tube surface, and are fitted with ordinary grates ; 
in the case of the boiler at the Walker Ironworks, however, 
Juckes’s grate has been employed, as shown in Figs. 6 and 7. 
Enlarged views of Juckes’s grate are also given in Figs. 8 and 9, 
which will show its construction more clearly. From these it 
will be seen that the small coal used is placed in a hopper, from 
which it is supplied to the endless bars, these bars really con- 
sisting of chains of peculiar construction passing over drums at 
the front and back of the furnace, and supported at intermediate 
points by a number of small rollers placed between them. 
Motion is given to the bars by means of gearing connected with 
the front chain drum, and driven bv the engine, whilst the 
supply of coal can be regulated by means of a kind of sluice door 
with which the feeding hopper is provided. The whole appa- 
ratus is mounted ou wheels, so that it can be readily run back 
out of the furnace for the purpose of- inspection or repair. 
Juckes’s grate has now been extensively applied in many situa- 
tions, and it has been found to effect the prevention of smoke 
very thoroughly; we believe that Mr. Inglis now intends in all 
cases to use it im connexion with his boiler. 

On page 367 there is also shown, by Figs. 4 and 5, another 
arrangement of tubular (but not water-tube) boiler, designed 
by Mr. Inglis, and erected by him at a mill in Yorkshire about 
two years ago. This form of boiler is especially intended by 
Mr. Inglis to be employed as a marine boiler, as the expense of 
its construction is rather too great to make it generally applic- 
able for land purposes. As will be seen by the engravings, it 
consists of a rectangular firebox and casing, connected with a 
cylindrical barrel above, both the firebox and barrel having 
arched tops strongly stayed. The sides of the firebox and casing 
are also well stayed together in the same manner as the fireboxes 
of locomotives. By tue side of the firebox casing there is a 
second shorter barrel, as shown in the figure, this barrel con- 
taining a chamber from which 96 tubes, 4 in. in diameter outside, 





extend downwards to a tubeplate at the lower end. The chamber 


just mentioned is connected with the firebox by a flue, shown in 
Figs. 4 and 5, and the water-space of the barrel containing the 
tubes is connected with the main barrel by capacious passages at 
the upper and lower end, whilst a cylindrical water-passage is also 
led vertically through the chamber already mentioned. The 
barrel containing the tubes is kept quite full of water, and, by 
means of the series of passages which we have mentioned, a ve 
efficient circulation is maintained. In the case of the boiler which 
we are describing, the firebox is 6 ft. 14 in. by 6 ft. 0§ in. at the 
bottom, and its height is 10 ft. 6gin. The firebox casing is 
10 ft. 6 in. high and 7 ft, 3 in, by 7 ft. outside, whilst the barrel 
to which it is joined is 6 ft. in diameter and 9 ft. 6 in. high 
above the firebox casing. The second’ barrel, containing the 
tubes, is 6 ft. im diameter and 11 ft. high. 








AMERICAN LOCOMOTIVES. 


In our number of October 12th, in a leading article upon 
American locomotives, we described the new heavy eight-wheel 
(six-coupled) engines made for the Erie Railway. From the 
dimensions of these engines we were led to doubt the distrigu- 
tion of their weight assigned in the annual report of the com- 
pany, and the following note shows that our surmise was cor- 
rect; 

To THe Eprror or ENGINEERING. 

Str,—In your number of the 12th inst., you! call ‘for certain 
information, which I take pleasure in affording you. The 
weights given below are the result of my own weighing, taken 
yesterday p.m., with a full set of Ehrhardt’s patent controlling 
apparatus for ascertaining the weight upon each wheel of a 
locomotive or car, and you can rely upon them as correct. They 
were taken with three gauges of water in the boiler, and the 
usual quantity of coal in the firebox. 

Weight of Engine 377. 

Ib. 

21,952 
26,208 
23,996 


Weight upon back driving wheels ... 
middle $9 
forward 


” 
” 
= wee 72,156 
15,288 


Total on drivers ose 
Weight upon leading wheels 


Total weight... 
Very truly yours, 
H. G. Brooks. 
Superintendent Motive Power 
and Machinery. 


87,444 


Erie Railway Office, New York, 
October 30th, 1866. 

Expressed in the form familiar to English engineers, these 

weights would be as follows; 

On driving wheels __... 

On trailing do. ... 

On front coupled wheels 


Total adhesion weight ... 
On two-wheel bogie 


eee 


Total weight 








ENERGY IN IMPELLED SHOT AND IN 
RECOILING GUNS. 
To Tur Eprror oF ENGINEERING. 

Srr,—In reference to this subject, about which Mr. J. 
Bourne has given us his views in your impression of the 2nd 
inst., allow me to remark that it is easy to ascertain the rela- 
tive amount of energy which should theoretically be communi- 
cated to the shot and the gun. : 

In the first place, however, and in order to render the subject 
clear and easy of comprehension, it should be observed that the 
action of the gases evolved by the combustion of powder is similar 
to that of a spiral spring, which distends or expands after having 
been compressed ; the pressure exerted upon the cudasse of the 
gun is, therefore, exactly equal to that exerted upon the shot, 
and inasmuch as the period of time during which this pressure 
acts is the same for the gun and the projectile, it follows that 
the quantity of motion communicated to the one is equal to that 
communicated to the other. 

Symbolically this phenomenon may be expressed as follows: 

Ft—MV=N'V’; 
the pressure exerted ; 
the time during which such pressure acts ; 
the mass and velocity of the projectile ; ; 
the mass and velocity of the gun and its carriage. 


where 


i 
M and V 
M’and V’= 


From the 


above equation it follows that v=) ; or, in other 
words, that the velocity of recoil is inversely proportional to 
the mass of the gun and its carriage. 

On the other hand, it is evident that the whole of the me- 
chanical energy developed by the combustion of the powder is 
stored into the moving masses; if, therefore, s be made to 
represent the space through which the force, F, has acted, we 
may write: 

Fs=} M V2+3 M’V’:; 
but as we have 

. MV ss 
r= we V 
by substitution, it follows that 


Fs=} Mey’ 


_MV?; 
M 
which formula shows that the energy stored into the gun and 
its carriage is, theoretically, inversely proportional to its mass 
also. 
I remain, Sir, yours truly, 
J. J. BincKEL. 
Regent’s Canal Ironworks, Eagle Wharf-road, N. 





November 8, 1866. 
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FOUR-CYLINDER LOCOMOTIVES. 


TuE question as to whether locomotives fitted with 

two or four cylinders can be most advantageously em- 
ployed for working heavy traffic is one which possesses 
daily increasing interest, and it is one to which it is 
probable that a decided answer will soon become neces- 
sary. At the present time there is a constant detndiid 
for engines of greater and greater tractive power, and 
as this increase of power must necessarily be acoom- 
panied by an increase in the weight available for adlig 
sion, it becomes an important problem as to: how this 
increased adhesional weight can be best obtained. ‘Tf 
it had not been for the introduction of ‘steel-tyres atid 
rails, it is probable that the use of engines “with four 
or even six pairs of driving-wheels would already haWe; 
become common, and that the four-cylinder systéiii 
would also have had an extended trial. As it is, -how- 
ever, the use of steel has enabled the load upon each 
pair of wheels to be increased far beyond its former 
limits, and it thus happens that most of the heavy 
engines of the present day are but enlarged copies of 
the lighter engines previously employed. Thereseems, 
however, no reason to doubt but that the relief afforded 
by the introduction of steel is merely a temporary one, 
and that, as the demands made upon locomotives go on 
increasing, it will eventually become necessary to con- 
struct engines of a class which, if it had not been for 
the use of steel, would have had to have been built 
years ago, or, in other words, that the limit of load per 
wheel having been reached, it will become necessary 
either to couple a greater number of wheels together, 
or to employ engines having their wheels arranged in 
two or more groups, driven by independent pairs of 
cylinders. 
“ Although there are many instances in which engines 
having four or even a greater number of pairs of 
coupled wheels have been constructed and successfully 
worked, it is very doubtful whether the practice of 
coupling can be advantageously applied to more than 
three—or, at all events, four—pairs of wheels, exéept, 
perhaps, in a few isolated cases, as, for instance, where 
the engines are merely employed to assist trains up a 
straight incline at a low speed. An engine with four 
or more pairs of coupled wheels having necessarily, 
unless the wheels are very small, a somewhat extended 
wheel base, some arrangement, more or less, compli- 
cated, has to be applied in order to give, sufficient 
flexibility for passing round curves, and it is probable 
that in most instances the trouble of keeping this 
in order, together with the loss of power by friction 
consequent upon coupling a number of pairs of wheels 
together, will more than counterbalance the disadvan- 
tages attendant upon the use of an additional pair of 
cylinders. 

“So far we have only considered four-cylindered 
engines of a class which are likely to be some day 
called into existence by the demand for locomotives of 
increased power ; but there is another point from which 
the four-cylinder system may be regarded, namely, as 
applied to the construction of engines which might be 
substituted for those generally in use. ‘>In this case 
the object would be, not to obtain a greatly increased 
amount of adhesional weight, but to get the same 
amount of adhesion as at present, with a diminished 
load on each pair of wheels. In engines of this class, 
the extra wear and tear, and consequently the extra 
cost of maintenance, arising from the employment of 
an additional pair of cylinders and: their gear would, 
in order that any advantage should be gained, have to 
be more than counterbalanced by the reduced wear of 
tyres and rails consequent upon the distribution of the 
weight, and we believe that nothing short of a con- 
tinued trial of the system on an extended seale can 
prove decisively whether this would or would not‘be 
the case. 

Up to the present time the most extended trial of 
the four-cylinder system that has taken place is that 
Which has been carried out on the Northern Railway 
of France, where M. Petiet has introduced the engines 
of which we gave an illustrated description in our last 
number but one. These engines, it will be remem- 
bered, are of two classes, one class being intended for 
working goods, and the other passenger traffic ; and we 
have recently been favoured by M. Flachat with some 
of the results of their working, as well as withsome 
further particulars sent us, by permission of M. Petiet; 
by M. Jules Morandiére, of the Chemin de Fer du Nord. 
Since the engines were first built, they have been modified 
in several particulars. At first the goods engines had 
a total heating surface of 2398 square feet; divided as 
follows: firebox, 120 square feet; tubes (iiternal 
Surface), 2034 square feet; and supérheating “app 
Tatus, 244 square feet. The diameter. of the tu 
has, however, been now increased from 1g7 in. to 2} in. 


outside, and the number of them diminished, so that 
the external tube-heating surface is reduced from 
2034 square feet to 1600 square feet, Owing, how- 
ever to the increased facilities for cleaning, this reduc- 
tion of the heating surface has but little affected the 
evaporative power of the boilers. The total weight, 
vith tanks and coal-boxes quite full, is 59.7 tons ; and 
allowitg 10.2 tons as the weight of the variable amount 
vof fuel; sand}and feed-water, the weight available for 
adhesion will vaty:from 59.7 to 49.5 tons. The weight 
of the engines, when)empty, is 44.5 tons. The Engerth 
engines, which the ‘four-cylinder goods engines were 
designed to replace,have four pairs of coupled wheels 
and two pairs of ¢arrying wheels under the hind or 
tender portion:.of the engine. Their weight, when 
empty, is. 49.8 tons, and, wlien loaded, 62.8 tons; 
40.3 tons of this latter weight being available for ache- 
sion. Their total heating surface is 2104 square fect, 
this bei#g’ made up of 100 square feet of firebox sur- 
face did 2004 square feet of internal tube surface. 
Compared with the four-cylinder engines, it will thus 
be seen that the Engerth engines are at a disadvantage 
both as regards adhesional weight and heating surface, 
and this notwithstanding that the Engerth engines 
themselves, when empty, are heavier than the others 
by 5.3 tons. i 

Since they were placed on the line in 18638, the four- 
cylinder goods engines have been in regular use, and, 
during the years 1864, 1465, the average distance run 
by each engine was 35,600 miles or 17,800 miles per 
annum, So far these engines have been employed in 
working trains of the same description as the Engerth 
engines, the number of, the four-cylinder ‘engines not 
being sufficiently great to permit of a special system 
of very heavy trains being organised so as to fully 
develop their power. The regular trains’ at present 
taken consist of 45 wagons, weighing each 14 tons (of 
which ten tons is the load carried), making the total 
load, exclusive of the engine itself, 630 tons. This 
load is taken at an average speed of 15. miles per hour 
over the whole line, the maximum gradient being 1 in 
200, and the consumption of fuel is 56 lb. of slack coal 
per mile. The Engerth engines, employed on the same 
duty, burn 50 1b. per mile, but in their case coal of a 
better quality has to be employed ; so that although the 
quantity used is less, the cost is greater. The quantity 
of oil and tallow used by the four-cylinder engines is 
110 lb. per 1000 miles run. 


As regards the cost of repairs of the four-cylinder 
engines, it is impossible as yet to give precise informa- 
tion, as an account of the expenses incurred by the 
alterations, to which we have already alluded, has not 
been kept entirely distinct from that of the cost of re- 
pairs proper. The general results of the present ex- 
perience, however, tend to prove that, although the 
cost of maintenance of one of the four-cylinder goods 
engines is necessarily greater than that of an ordinary 
engine, yet that it is less than that of two ordinar 
engines with their tenders, or, im other words, that it 
is less than that of ordinary engines in proportion to 
the power developed. Altogether, the performance of 
the four-cylinder goods engines has proved so far 
satisfactory, that M. Petiet has already ordered the con- 
struction of ten more of them on the same general plan, 
some modifications having, however, being introduced 
in the construction of the firebox and some other 
parts, with a view of obtaining still better results. 

The eight four-cylinder passenger engines have also 
been in regular use since he were placed on the line ; 
but they appear to have scarcely fulfilled their intended 
— so well as the goods engines, as at speeds ex- 
ceeding about forty miles per hour the highness of 
their boilers causes them to acquire a certain rolling 
motion which is objectionable. In other respects 
they have answered well, and haye been employed in 
working similar trains to those worked by the ordinary 
four-coupled passenger: engines.) lw performing this 
service: they have’ run; on an ‘ayerage, from about 
12,500 to about 19,000 miles per annum, 

Although, however, the goods aid. passenger engines 
of which we have been speaking have) answered well 
dn the Chemin de Fer du Nord, it is evident that they 
belong to a class of by no means general applicability. 
“fn order that their repairs should be -tondueted with 
faeility and cheapness, it is necessary #hat ‘the work- 
shops in which the repairs are carried out should be 
fully provided with powerful cranes and ‘special appli- 
ances for lifting and moving sucli largé masses, and in 
the case of many lines, therefore, it would be prefer- 
able to distribute the power required for the service 
amongst a greater number of engines of lighter con- 
struction. On the other hand, in the case of important 
lines having a heavy goods traflic to be conveyed at a 








low speed, the use of the large engines would enable 





the number of the trains to be diminished, and thus 
cause the line to be more free from obstruction. 

We alluded in our last number to the advantages 
which, in many points, the four-cylinder engines now 
being introduced in this country by Mr. Fairlie pos- 
sessed over those of M. Petiet, and it is therefore un- 
necessary that we should recapitulate them here; but 
bearing these adwaiitages in mind, and considering the 
certain degree'ofsuecess which haz attended the use 
of the French ‘¢igines, it seems only probable that 
Mr. nr logomotives should prove still more suc- 
cessful. ta 


heed 





THE INDIAN TRAMWAY COMPANY. 

Tus company, which at present possesses but a 
short line of railway, nineteen miles in length, from 
the Arconum junétion on the Madras Railway to Con- 
jeveram, propose ‘now to carry out certain extensions 
of their operations in Southern India, provided they 
can obtain the ‘eoisent of the Secretary of State—on 
which they reckon—and likewise a grant of the terms 
stipulated for by them. ‘Their scheme comprises two 
distinct works; the'one being a prolongation of their 
present line from Conjeveram to Pondicherry, which 
was planned long since with the sanction of the French 
local Government; and the other, a new line in Mysore, 
from Bangalore to Toonkoor. 

The aid -given by the Government to this company 
in the construction of its line frony Arconum to Con- 
jeveram, takes the form of a subsidy, not.a guarantee. 
The rule laid down with regard to unguaranteed rail- 
ways in India is that each case shall be decided ac- 
cording to the character of the project; the land is 
provided by the Government, ffee of cost, for a term 
of ninety-nine years; and on the completion of the 
works, the Government will grant a subsidy, which is 
in no instance to exceed 100/, a mile per annum for 
twenty years, together with a special allowance for 
every bridge of which the estimated cost may be 
greater than 10,0007. The conditions asked, for the 
proposed exténsion ofthe Indian ‘Tramway Company’s 
works are, firstly, an imperial guarantee of five per 
cent. for twenty-five years, and secondly, a grant of 
the land required. Lord Napier’s administration have 
been solicited to support these projects. In reply, 
they say, as Mysore Ses wholly under the jurisdiction 
of the Supreme Government, they can say nothing 
about the proposed plan for that state, but that they 
will at once forward, for the favourable consideration 
of the Home Government, the application now made 
by the Tramway Company, through their agents at 
Madras, for permission to: construct that extension 
under a guarantee. 








Tue Great Hastern.—Messrs. George Forrester 
and Co., of the Vauxhall Foundry, Liverpool, have re- 
ceived orders to fit the Great Eastern with first-class 
accommodation, for 3500 passengers, and to replace 
the boilers of the screw engines. The new boilers, 
six in number, with ten furnaces in each, are to be 
nearly like the old ones, but are to have better pro- 
vision for cleaning. ‘They will weigh, collectively, 
about 320 tons.--They are to be finished by the 1st 
of March next, and it will require constant work, night 
and day, to get them done in time. When her altera- 
tions have been completed, the Great Kastern will be 
placed upon the New York and Havre station, to 
accommodate the great number of Americans who will 
next year visit the Paris Exhibition. 

Rattways i Russta.—A new company for the cous ruc- 
tion of railways in Russia has jpst been formed in Belgium 
Thus the Russian Government has charged the Baron de Vrieve; 
M. Schaeken, and other gentlemen with the construction—tirst, 
of a line from Kieff to a point of junction with the Odessa and 
Baltic Railway, near the village of Bortchi, with a branca from 
Bazantino to Berditcheff; and, secoftdly, of :as branch from 
Imerinka to Valstchisk on the Austrian frontier. The new 
company further undertakes the supply of the plant and ac- 
cessories required for the bringing into operation as well of the 
line from Balta to Kieff as of various branches. The works and 
the delivery of the plant are contracted for by the concessionnaires 
for the Russian Government, which pays in rentes. ‘Thus, as 
will be seen, the whole matter becomes a simple affair of con- 
struction. The earthworks have been already commenced on 
the Kieff and Balta line, and the Government has authorised 
the concessionnaires to employ troops, as the difficulty of collect- 
ing workmen would otherwise retard the advancement of the 
works. The style and title of the company into which the con- 
cessionnaires have formed themselves is De Vriére, Schaeken, 
Bruneau and Co. The concessionnaires, to be more precise, 
are the Baron de Vriére, MM. P. Schaeken, A. B. Bruneau, A. 
Longrand-Dumoneeau, W. Kennard Blaise (of the Vosges), J. 
F, Cail, Cheilus, F. Caillet, and Houel. The mechanical con- 
cern, J. F, Cail and Co., of Paris, and the Fives-Lille Company 
(Parent, Schaeken, atid Co.), will take part in the works and 
the delivery of plant. The new company (De Vriére, Schaeken, 
Bruneau, and Co.) has just ordered in Belgium 49,000 tons of 
rails. We understand that the Russian Government is on the point 
of granting other ri ions, as it desires the immediate 
creation of a network of railways in its immense empire. 








370 ENGINEERING. [Nov. 16, 1866, 





ce 


BLOWING ENGINES AT THE LILLESHALL IRONWORKS, SHROPSHIRE 
(For Description, see Page 366.) 
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Cargill’s paper on the Place de TEurope Bridge, Paris. 
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STEEL RAILS. 


An order for 22,000 tons of steel rails for the Great 
Indian Peninsula Railway was lately divided between 
the two great Stieffield houses, Messrs. John Brown 
and Co., Limited, and Messrs. Charles Cammell and 
Co., Limited, and we understand that the last-named 
firm have orders tor 2>,000 tons of Bessemer ruails 
now upon their books. Many of these orders, we are 
jleased to learn, are from America, for the Erie, New 
York Central, Pennsylvania Central, Bos on and Wor- 
cester, Boston and Providence, and other lines. The 
production of perfect steel rails is now a matter of the 
utmost certainty, and while very great hardness, to 
resist wear, is secured, the absolute strength is far 
beyond that of iron. At Messrs. Cammell and Co.’s, 
as at most steel rail mills, a “‘tup” of one ton is run 
up, by steam power, to any height up to 36 ft. 6in. 
above the rail to be tested, and then tripped. The 
tup falls fair upon the rail, laid on 3 ft. bearings, and 
it is very seldom that itis broken. It commonly bends 
so as to include an in’ernal angle of abou: 120°. 
This enormous strength, where steel, in all forms. was 
once supposed to be peculiarly bri'tle, has removed 
the great objection to steel rails, and the fact that the 
American companies are ready to pay the full price 
shows that iron is now likely to be superseded. 

The Woodhead tunnel of the Manchester, Sheffield, 
and Lincolnshire Railway affords an interesting and 
instructive example of the great superiority of steel 
over iron rails. The tunnel, or rather pair of tunnels 
(for there are two), are a few yards more than three 
miles in length, the gradient throuzhout being 1 in 
201 down towards Manchester. There is a station at 
each end of the tunnel, and the heavy goods trains, as 
well as many of the passenger trains, generally stop in 
both directions. In getting away again, the consequent 
wear of the rails, just within the ends of the tunnel, is 
very considerable ; the rails being constantly wet from 
the dripping of water from the roof, while they are 
also severely tried by the slipping of the driving- 
wheels of the heavy engines, the wear being azgravated 
by the free use of sand. Formerly not a Sunday 
passed without a number of rails being taken out or 
turned, and the life of an iron rail was but about five 
months on one head, aud three or four on the other. 
Further in the tunnel, much of which is quite dry, 
although some portions are always showered with 
water from the roof, the average life of the rails was 
about nine months for one head and six for the other, 
or fifteen months in all. 

Poor as the Manchester and Sheffield Company are, 
the directors resolved, nearly three years ago, to relay 
the Woodhead tunnel with steel rails throughout. 
The south tunnel was accordingly relaid in March and 
May, 1864, with 75 lb. Bessemer rails, rolled by 
Messrs. Samuel Fox and Co., of Deepear, near Sheffield; 
and the north tunnel was relaid at about the same time, 





the whole length of 6 miles 88 yards of single line 
requiring about 720 tons of rails. The rails are of the 
usual double-head pattern, 5 in. deep, the heads about 
24in. wide, and the stem in. thick. They are in 
24 ft. lengths, supported upon cross sleepers 2 ft. 9 in. 
apart centres, except the sleepers which have the sus- 
pended fish-joint between them, these being 2 ft. from 
centre to centre. The fish-plates and bolts are of iron. 
The rails are secured in the intermediate chairs by 
compressed oak keys, in the usual manner. The 
ballast is mostly cinders from Messrs. Ashbury’s great 
railway-carriage factory at Manchester. It is of the 
usual thickness, and rests upon a layer of broken 
stone spread upon the millstone grit which forms the 
bottom of the tunnel. 

On Sunday last, by permission of the engineer of the 
line, Mr. Sacré, and in company with a gentleman well 
known in the profession for the interest he has taken 
in the introduction of steel rails, we went through the 
tunnel on foot, and having taken the usual precautions 
for the safety of the traffic, we took out rails at both the 
Dunford-bridge and Woodhead ends, purposely select- 
ing the places of greatest wear. We had the original tem- 
plates with us, and we took careful impressions from 
the ends‘of the rails, and measured them also, so as to 
obtain the exact wear. It was as nearly as possible 
4 inch off the upper table of each rail. The first rail 
taken up was put , aad at the Dunford-bridge end of the 
south or down tunnel March 20th, 1864, and had 
borne 24,096 goods and 10,040 passenger trains, as 
appeared from the books of Mr. Vernon, the station- 
master at: Dunford-bridge. The goods trains were 
estimated at 300 tons each, and the passenger trains at 
80 to 85 tons, which is, we think, too low. This would 
give upwards of 8,000,000 tons of traffic over the pair 
of rails forming the line, or 4,000,000 tons over.the 
single rail taken up. The. rail was in admirable con- 
dition, and was good for at least twice as much more 
wear upon the upper table alone, irrespective of what 
would a obtained from the lower table when turned 
over. The lower table was, however, a little indented 
at its bearings upon the chairs. ‘The whole condition 
of the line was apparently perfect. The fish-joints 
were almost as close and secure as on the day they 
were made. It took two men, working their best, 
fifteen minutes to get the nuts off and the bolts out for 
each rail taken up. ‘The fish-piates showed slight 
wear, and we really think that steel rails should have 
steel fish-plates, although there was litle to complain 
of in the present instance. ‘The line through the 
Woodhead tunnel is now the best portion of the Man- 
chester, Stetlield, and Lincolnshire Railway, and it is 
now frequently run by express trains in very little 
more than three minutes, or at the rate of 60 miles an 
hour, this speed being maintained, of course, only in 
the down tunnel and towards Manchester. Interesting 
as is this instance of the enormous superiority of steel 
over iron rails, it is but one of a great number which 
other lines now afford, and the time cannot be far 
distant when wrovght-iron rails will be almost as ob- 
solete as the old cast-iron trams of the early lines near 
Newcastle. 








THE YORKSHIRE ENGINE WORKS. 


Tue locomotive works lately established at Black- 
burn junction, near Sheffield, already rank among the 
largest in the kingdom ; and as they have been planned 
with reference to an early further enlargement, it is not 
unlikely that they will, within a few years, become the 
most extensive ever constructed. An announcement 
was some time since made in the city article of the 
Times to the effect that the Yorkshire Engine Works 
would be able to turn out six hundred locomotives 

early, but we presume that when the existing build- 
ings and plant have been doubled in extent, as it is 
anticipated they will be, their utmost capacity will be 
between two hundred and three hundred engines 
a year. It is only thirteen months since ground was 
broken for the new works, and already 13 ft. of ground 
has been filled in, and a pile of buildings, 833 ft. by 
130 ft., completed, and partly filled with machine tools 
and the other usual appliances of such establishments, 
and the proprietors have now orders for nearly seventy 
engines on their books. Among these are several 
heavy coupled passenger engines, for the Great 
Northern Railway, the first of which will be completed 
within two or tiree weeks, when the new works will 
probably be visited by a considerable number of 
engineers, and the delivery of the first engine be made 
the occasion for a pleasing “ ina tion.” 

The works are situate near the Midland and the South 
Yorkshire lines, which are here connected by a junc- 
tion, and they can thus receive materials from, and 
readily deliver engines to, every part of the kingdom. 





Yorkshire iron, and steel of every quality, including 
steel “ shapes” and “ uses,” axles, tyres, &c., are pro- 
duced close at hand; Messrs. Cammell and Co.’s large 
new works, at Grimsthorpe, being very near, while 
Messrs. John Brown and Co.’s works are only a little 
further away. 

The building, having the outside dimensions we have 
given—833 ft. by 130 ft.—rises 28 ft. from the strin 
courses to the eaves, yet all the machinery is erected, 
and all the work done, upon the ground floor, lighted 
entirely from the roof. The roof is in 50 ft. bays, 
with the exception of a few of 40 ft., and Carmen 
eighteen gables to the front and rear. The building 
is intersected with transverse walls, 18 in. in thick- 
ness, dividing it into foundry, boiler-shop, finishing- 
shop, erecting-shop, ——, &c. The floors are 
formed of circular blocks of larch, of almost every 
diameter, and sawn toa length of 6in. These rest, on 
the end of the grain, upon sand and gravel, overlying 
the earth filled in, to a depth of 13 ft., as a foundation 
for the whole. A portion of the floors is paved with 
the sawn ends of deals which form the perquisites of the 
captains of the Christiana and Stockholm timber-ships, 
and which are sold in our seaport towns at the price of 
firewood. Cut into 6 in. lengths, they form a capital 
flooring, of the kind originally laid down at the Great 
Northern Company’s works at New England, near 
Peterborough, where old railway sleepers, and _ 
cially the triangular sleepers at first put down on that 
line, were sawn up and thus utilised. 

A complete gasworks, with four benches of short 
cast-iron retorts, set three in a bench, has been erected 
at one end of the works; and the gas-pipes are laid 
throughout the works in shallow cast-iron troughs in 
the floor, all of which are covered by cast-iron lids, so 
as to permit of a ready examination of the pipes at any 
part of the works. 

Power is provided by several steam engines, all of 
moderate size, and of a collective power of eighty-five 
horses. There are thirteen or fourteen cranes upon 
the works, the largest of a strength of six tons, and to 
either of these one of three small engines, fixed to a 
cast-iron bedplate, may be bolted by six bolts, and the 
steam joints quickly made, so that with three cheap 
engines, thirteen or fourteen steam cranes are, practi- 
cally, always available upon the works. But few of 
them are in anything like constant use, and the light 
engines for working them might readily be shifted, if 
necessary, two or three times a day. A few of the 
engines for driving the machinery are also made port- 
oie, so that they may be removed from their place and 
set up to drive a single lathe or other tool in any part 
of the works, in case of nightwork. These engines 
are of what is known as the steam-hammer pattern, 
having inverted cylinders, and strong but light frames. ” 

In the foundry, separate flasks are cast for almost 
every article made, and they are formed so as to leave 
but little room for the sand, and thus to permit of very 
compact ramming all around the pattern. In the brass 
foundry, the pots are set back in a recess or sort of 
cupboard, which has shelves across for cores, and which 
may be wholly enclosed by iron doors, so as to take 
full advantage of the waste heat for drying. 

There are several steam-hammers, and everything is 
forged, as far possible, in dies. These are cast for 
almost every forged shape, and are remelted when an 
order, not likely to be soon repeated, has once been 
filled. The rapidity with which roof stays, connecting- 
rods, wheel arms, &c., are thus moulded, so to ak 
is remarkable, and while work is thus produced most 
cheaply it is almost certain also to be of tha best 
quality. For case-hardened work a set of Dodds’s 
converting retorts are erected, and in these, with a 
heat of nine hours, axles 9 ft. long, or small objects of 
any size, may be thoroughly case-hardened. 

The yn, contains an unusual amount of 
machinery driven by power. As far as possible, steam 
rivetting is adopted, the machine employed being 
Garforth’s well-known pattern. ‘There are machines 
for planing the edges of long plates, radial drilling- 
ania Sellers’s bolt-cutting machines for cuttin 
copper stay-bolts—and they have a beautiful threa 
without chasing. All the plates, where there are more 
than two or three to be punched with the same 
arrangement of holes, are punched from iron templates, 
set out with the greatest care. The boiler work we 
saw in progress was excellent, and the joints, none of 
which were caulked, appeared perfect. 

In the — is a very complete collection of 
tools, mostly by Messrs. Smith, Beacock, and Tannett, 
of Leeds. One is for slotting engine-frames, ten at a 
time, or to a total depth of 10in., while a radial drill 
can be made to work at the same time upon the pile of 
frames, so as to drill all the holes alike. The slotting- 
machines have a new motion for the quick return of 
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of the current upon the particles of the wire in over- 
coming the ‘resistance interposed to the passage of the 
current. Heat is said to be the ultimate form of 
energy assumed by a current of electricity. ~The 
latest definition of the subject, viz., that given by 
Balfour Stewart in his new work on heat, is— 

“ When a current of electricity passes along a wire, 
“the wire will be heated to somé extent ; but if it be 
a very good conductor, the heating effect wilt be com- 
** paratively small. In such a case we know that much 
“more energy has passed through a given length of 
“the wire than can be accounted for Dy the heating 
‘effect produced. This is the energy of electricity in 
“motion.” Joule determined the laws of the heating 
effect of the current, and it may thus be stated: if C 
denotes the quantity of the current traversing the wire, 
the heat produced is proportional to C?, and to the 
resistance of the circuit (R); in other words, the heat 
varies as the square of the currents multiplied by the 
resistance, or H=C?R. ‘Thomson, therefore, defined 
heat as a function of the current ;“that is, a current 
must either produce work or its equivalént heat.’ It. 
is questionable whether this is strictly correct, and the 
further acquisition of steps’ in this theory may induce 
this eminent authority to change his views. 

Thomson, froni data supplied to him by Joule, 
measured the amount of heat evolvéd by a current, 
and from this calculated the mechanical equivalent of 
the current, and educed therefrom its absolute value.* 
But no proof has been given by any one of the actual 
loss of current—its conversion into heat. The diminu- 
tion of current occurring during the heating of the 
wire has been observed. Tyndall gives a by no means 
felicitous illustration of this in his celebrated lectures 
on heat. He shows how the current diminishes when 
the wire is raised in temperature, and how it is in- 
creased when this heated wire is cooled in water, 
omitting to regard the increased means of conduction 
offered by the water. The diminution of current is 
attributed to the increased resistance of the conductor 
produced by the increased temperature of the wire. 

‘The disappearance of heat, or rather the cooling 
effect of electricity, on the passage of a current through 
a conductor formed piatially of bismuth and antimony 
at their point of junction was discovered by Peltier. 
He even succeeded in freezing water at the point of 
junction. A eurrent sent in one direction lowered, 
while sent in the opposite direction it raised, the tem. 
perature of the compound metallic circuit. Andrews, 
again, found that the amount of heat developed in a 
wire varied with the gas which surrounded the wire, 
and that this was remarkably instanced with hydrogen— 
an effect attributed to the cooling action of hydrogen, 
owing to the superior mobility of its particles. Many 
other anomalous heating and cooling effects of currents 
have been observed, and all require some exclusive or 
lame explanations which are always suggestive of an 
imperfect theory. There is now reason to believe that 
these effects are simply due to the actual conversion 
of electricity into heat—the disappearance of electricity 
and the appearance of heat, or the disappearance of 
heat and appearance of electricity. Our knowledge on 
the point is but scanty at present. It is a wide field 
for research, and will probably occupy the deep attgn- 
tion of scientific men for some considerable period. 
But the remarkable fact is that this truth has been 
arrived at simultaneously in two countries at the same 
time, and both communications are published in the 
November number of the Philosophical Magazine. 

Mr. Charles Brooke writes : 

“1 have lately been led, in relation to a new edition 
of my ‘ Elements of Natural Philosophy,” now in the 
press, to reconsider the whole question of electricity, 
and [ have become strongly impressed with the 
reality ofthe dynamical theory. I have hence naturally 
been induced to look about for confirmatory facts ; 
and a strong and (to the best of my knowledge and 


the tool, which we cannot describe in words, but which 
we hope shortly to illustrate: The change from slow 
to quick, as the tool begins to rise from its work, is 
effected without the slightest jar, and the motion in 
each direction is very nearly uniform. The slotting 
drilling- machine is much used for connecting-rods and 
other parts, and makes capital work. For this and 
many other kinds of finished work the men are paid at 
a rate per square inch. The motion-bars are ground 
to a dead smooth surface by rapidly revolving laps 
covered with emery, the bars being placed in pairs upon 
a planing-machine, while, as the table runs to and fro, 
the laps have an intermittant lateral motion. Mr. 
Peacock, of Messrs. Beyer, Peacock and Co., employed 
revolving laps for the same purpose some years ago, 
but we believe the bars were not placed upon and 
moved by a planing-machine during the operation. 
The tyre-lathes at the Yorkshire engine-works have, as 
is now usual in the best tools of the kind, two face 
plates at opposite ends of the same spindle, and each 
tyre is acted upon by a roughing and a finishing tool 
at the same time, the tools being placed at opposite 
sides of the face-plate. 

Mr. Alfred Saeré, the manager of the works, tests 
hydraulic pressure to 


a 


all his steam cylinders by 
300 lb. per square inch, and thus sometimes detects 
defects which would otherwise escape attention. He 
is about to employ also a simple machine for bending 
copper and brass pipes, instead of resorting to the old 
and necessarily imperfect mode of hand-bending. 

In the wood-working department, one of the most 
useful Messrs. 8. Worssam and Co.’s 
“ general joiner.” It does almost any kind of sawing ; 
it may be readily fitted with cutters, for planing, tongue- 
ing, and grooving the lagging-boards for the boilers, 
and by a capital adaptation of the slotting-drill, some- 
what in the form so long used for iron, the buffer beams 


machines is 


are finished to any form required. 

The heavy passenger engines now making at these 
works for the Great Northern Railway have 16} in. in- 
side cylinders, 24in, stroke, and four coupled 7 ft. 
wheels. The latter are very massive, having twenty- 
four spokes and six inches of iron around the axle. 


THE DYNAMIC THEORY OF 
ELECTRICITY. 

Tue simultancousness which characterises the vari- 
ous steps obtained by different and independent 
observers in the advancement of science, and the 
gradual completion of that train of continuity so beau- 
tifully developed by Professor Grove, at Nottingham, 
has often been frequently observed, but rarely more 
conspicuously than in the last number of the Phéloso- 
phical Magazine, Among the most striking evidences 
of this contemporaneous progress may be mentioned 
the discovery of Neptune by Adams and Leverrier, 
the determination of tle mechanical equivalent of heat 
by Joule and Mayer, the conception of current electric 
force and work by Helmholtz and W. ‘Thomson, and 
the various stages in the completion of the dynamical 
theory of heat by Carnot, Clausius, and Rankine. The 
labours of the philosophers of all schools have been 
directed to the perfection of that knowledge of what is 
now called conservation of energy, so as to convert 
what is now in great part abstract theory into absolute 
truth. ‘Tyndall has eloquently detailed the various 
steps by which heat has been considered by some to be 
a mere kind of motion; and numerous philosophers, 
with Grove at their head, have shown the correlation 
and mutual convertibility of forces. The mechanical 
equivalent of light has even been caleulated by a 
Swedish philosopher. 

But all attempts to convert directly electricity into 
ec other imponde rables have hitherto failed. 
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We make use of the term “ convert’”’ in the same sense 


that the motion of a cannon-ball on impact is converted = ~ 4 . 
‘to heat, or that the heat of a steam-boiler is converted | belief) a new fact has presented itself to me. “It has 
t the consumption of the one force is | O° been known that if a bar of antimony and one 


of bismuth be connected, and a current be transmitted 
from antimony to bismuth, heat will be developed at the 


into force; tha 
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know that elect icity produces heat and work, and, 
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pies tion, or action produced mechanically will | &8¢5 ™ which heat is developed in the passage of the 
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been experimentally shown that the production of heat |"! mane : ind 
by the electric current actually implics /oss of current or of thermic electric potential, and, if so, there should 
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consumption of force, in other words, direct conversion |! @ of current in the first instance, and*a 
of electricity into heat. When a powerful current of 
electricity is passed through a thin platinum wire, it 


raises that wire into an incandescent state. This is 





* He found the “ intensity ” or “ electro-motive force ” of a 
cell of Daniells battery, in absolute measure, to be 2,507,100 
(foot-grains), or 10 metre-grammes nearly, 
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gain in-the second; and'such appears to be the fact. 


On duly balancing the thermo-element above mentioned 
in a Wheatstone’s bridge, the deflection of the needle 
followed the direction of the current, and the anticipated 
loss or gain of current was.fully realised.” 

The second paper is by M. F. P. Le Roux, read 
before the French Academy, and published in the 
Comptes Rendus, August 20, 1866, where he has 
detailed most of the facts given in tliis article, and 
concluded with the conception of an absolute electrical 
tension, a function of temperature, establishing a new 
step towards the indentification of heat with electricity. 
This is a most interesting question, and well deserves 
the deepest attention of our electricians and telegra- 
phists, as it may eventually lead to a cheaper and more 
constant source of electricity than is now obtained by 
the expensive consumption of zinc. In our best steam 
engines, we do not approach the absolute mechanical 
value of the coal consumed; but if we could convert 
this heat into electricity, we could obtain from electri- 
city a greater proportion of the relative mechanical 
effect. We are believers in the ultimate attainment of 
motive energy from electricity ; and though calculation 
based on accurate data proves its inefficiency at pre- 
sent, we must not forget that the same system of cal- 
culation proved oceanic steam navigation to be equally 
ineffective. The calculations are based on the sahdion 
cost and mechanical equivalent of coal and zinc; but 
if we could only produce electricity from coal itself, in 
other words, convert heat directly into electricity with- 
out water, we should do more: than is now done with 
steam. We can economise the whole mechanical value 
of electricity. We cannot do that, notwithstanding all 
our resources and all our knowledgé, with steam. 





THE CYCLOPS STEEL WORKS 
[r the larger steel works of Sheffield were worthy of 
a just English pride fifteen or twenty years ago, they 
are far more so now. It is only within a few years 
that steel castings have been known, and we need not 
remind our readers how recent is the Bessemer pro- 
cess and the introduction. of armour-plating for ships 
of war. The Sheffield steel-masters stood out reso- 
lutely against the new processes of pot-steel casting 
and “blowing,” until Krupp had gained a great ad- 
vantage in the one, and Mr. Bessemer a still greater 
advantage in the other direction ; and it was due only 
to the energy of an obscure maker of railway-springs 
—now the famous “ John Brown of Sheffield”—that 
the manufacture of armour-plates was begun in that 
town., Within five years, the relative importance of 
the file, spring, and cutlery tiades of Sheffield has 
been quite eclipsed by the manufacture of 10-ton steel 
ordnance “jackets,” 20-ton armour - plates — and 
although these are much beyond the average, still 
greater weights have been attamed—steel rails, cranks, 
axles, tyres, bells, &c. 
Messrs. Charles Cammell and Co.’s works (now car- 
ried on by a limited company) have long been among 
the largest of their kind; but they have been not only 
greatly extended, but almost changed in character 
within the last five years. In addition to their original 
works, the company now have a large establishmeut at 
Penistone, some fifteen miles higher up the valley of 
the Don, where 500 tons of Bessemer rails are made 
weekly, and they have also completed very extensive 
works at Grimsthorpe, a suburb of Sheffield, between 
Messrs. Brown and Co.’s great establishment and the 
new works of the Yorkshire Engine Company. Three 
thousand men and boys are now employed, and the 
prospective demand for steel rails is such that still 
larger numbers of workmen may soon be required. 

‘The manufacture of steel springs and railway buffers 
is still carried on to a very large extent, although in 
respect of weight turned out this branch is enormously 
exceeded by the Bessemer steel and armour-plate de- 
partments. The railway springs are still made of steel 
converted by the old process of cementation, and then 
cast in ingots and rolled out. All the iron employed 
for the bands, as also for buffers, &c., is puddled and 
rolled on the spot, there being eleven puddling fur- 
naces at the works in Sheffield. The manufacture of 
hollow-iron buffer-heads and of wrought-iron buffer- 
boxes—the latter greatly superior to the cast-lron 
boxes so long used—is not only extensive, but very m- 
teresting, as presenting most remarkable examples of 
edge welding at a single blow. . What we may call the 
plunger of the buffer, and which is 6 or 7 in. in dia- 
meter when made, is formed of a Z in. plate bent and 
welded along the edges, one-half only of the length, 
which is about a foot, being welded at one time. 
When its tubular form has been completed, it 1s 





explained to be the result of the action of the energy | Magazine, 1851.) 





flanged out at one end, the operation being quickly 
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performed under a steam-hammer, which drives a 
conical block partly into it, the flange thus begun 
being afterwards quickly finished in dies. The larger 
circular plate, which forms the buffer-head or face, is 
welded to this flange at a single blow, as is also the; 
opposite plate formmg the inner end of the plunger. 
The wrought-iron buffer-boxes are rapidly made in a 
somewhat similar manner. It need hardly be said that 
only excellent iron will withstand the flanging process. 

The armour-plate department is capable of producing 
14 in. plates, a section of one of which, apparently as 
sound as the best railway tyre, was shown us. It is, 
indeed, remarkable how perfectly such vast masses of 
scrap-iron are welded in the course of reheating and 
rolling. If Mr. Bourne sueceeds in convincing the 
Admiralty that we need monitors with 18 in. sides of 
solid iron, we believe there will be no real difficulty in 
rolling the plates up to 20 ft. or 25 ft. in length, and of 
a width of 4 ft. or 5 ft. Indeed, in the case of many 
of the armour-plates now made, it is found more con- 
venient to roll them of double length, up to 36 ft., and ; 
to then cut them in two, than to roll them singly. \W 
saw, in one of the Leeds tool-factories, a slottiny- 
machine nearly completed for this operation of cutting 
in two. The waste of iron by the present process of 
plate-making is very great. We were informed that 
from 44 ewt. to 45 ewt. of puddled bars were required 
for each ton of a heavy plate, more than one-half of 
the iron being wasted in the six heats through which 
it passes. We still look for the success of the Besse- 
mer process, aided by ferro-manganese, in makiug sof? 
iron of any size, and although our estimate of 132. per 
ton has caused some amusement in Sheffield, we see 
much in the history of this branch of manufacture to 
convince us that at places like Barrow-in-Furness, and 
with important improvements likely to be yet made, 
such a small cost of production will yet be possible. 
While we are referring to the armour-plate mill, we will 
add, that it is driven by a pair of horizontal engines of 
360 nominal horse-power, made by Messrs. James Watt 
and Co., and that the plate-rolls are reversed, at each 
pass, by hydraulic power. The same engine drives the 
steel-rail mill. 

At the works in Sheffield are two 4-ton Bessemer 
converters, making 180 tons a week. ‘The Penistone 
works have four converters of seven tons each, and a 
very large Bessemer plant will be put down at the 
new works at Grimsthorpe. The ingots are hammered 
under 7-ton hammers at the Sheffield works, and under 
12-ton hammers at Penistone. At Grimsthorpe a 25- 
ton hammer is being put down. In the three works 
there are in all, we pana about seventy steam 
hammers of various weights, a considerable numbei 
having 7-ton heads. In addition to these, there has 
been erected at the Sheffield works a 1250-ton forging 
press, made by the Kirkstall Forge Company, under 
Haswell’s patent. The ram is about3 ft. in diameter, 
and works vertically in a cylinder formed of cast iron, 
strongly hooped with wrought iron after the fashion of 
an enormous Blakely gun. With a pair of large hori- 
zontal pumps driven direct by the piston of a large 
cylinder, this press will give thirty “ blows”—or rather 
squeezes—per minute, and it is intended to forge steel 
axles and other objects in dies. 

The rail mill is a 22 in. train, and we had the plea- 
sure of seeing the first bar of an order for the Metro- 
politan Railway turned out. It is a difficult section to 
roll, the flat foot of the rail being ofthe great width of 
6 inches. The edges, however, came out perfectly, as 
did all parts of the rail, the template gauges fitting 
exactly. The rolls had been cast, cut, and got into 
their places in three weeks from the time the order for 
these rails had been given. A falling tup of one ton, 
witha range of 36 ft. 6 in., is employed to try the rails 
by percussion; and it is not often that they break 
even under this tremendous trial. We saw several 
that had been much bent when thus struck, the rails 
having been laid on 3 ft. supports. 

The manufacture of locomotive cranks is carried on, 
and within the last five years nearly nine hundred have 
been made in steel. The manager of Messrs. Cammell’s 
works ‘informed us that no report of the breaking of 
any one of these had yet ached him. Engine tyres 
are made at the Cyclops Works from both crucible 
steel and Bessemer steel; and we saw a few which 
had withstood the severest trials. The crucible steel 
tyres appear to be preferred for good wearing qualities. 

The heavy cranes have steam engines fitted to them, 
and the rail saws are driven by small engines set up on 
the same frame. It is becoming more and more the 
practice in large works to employ steam or water 
power direct upon the work, instead of transmitting it 
through long lines of shafting. 

Mr. Wilson’s cabinet of minerals and metals, in the 


} at the Thames Ironworks, in London. 


office of the Cyclops Works, is one of the most in- 
teresting features of the place... The spathic ore, from 
which the Prussian spiegeleisen is made—a heavy 
quartzose rock, exhibiting little appearance of iron— 
is not less striking than some of the most beautiful 
stalactitic ores from the Forest of Dean; kidney ore 
from Germany, having most wonderful cleavages, and 
showing every evidence of former ebullition; columnar 
ore, &c. Strange that these treasures of our globe should 
have lain unnoticed or uncared for through countless 
ages, and have thus been preserved for the mining energy 
and metallurgical science of our.own time. Wonderful 
that out of the depths of thé *Wharncliffe Forest, and 
near the cave of the devouring dragon 6f Wantley, there 
should have arisen such a town’ as Sheffield, and such 
vast temples of Vulcan and of Tubal Cain as the 
Cyclops Works! 








THE RUSSIAN FLEET. 

in the year 1861, the first Russian iron-clad, the 
ervenez (which is Russian for “the first”’) was ordered 
Since then the 
fleet has been gradually increased to thirty armoured 
vessels of different descriptions, which have been 
partly constructed by private firms and by the Govern- 
ment yards in Russia, and partly orderéd abroad. The 
iron-clad ships are classed as frigates, batteries, and 
monitors, but the types within these classes vary very 
much. Frigates of the ‘first class are the sister-ships 
Sevastopol and Petropavlovsk, originally built as 
wooden vessels, but altered in their design during con- 
struction, and converted into iron-clads. The Sevas- 
topol was built at Cronstadt, in 1862. Its length be- 
tween perpendiculars is 300 ft.; width of beam, 52 ft.; 
draught, 24 ft. forward and 26 ft. aft; area enclosed 
by water-line, 12,790 square feet; area of immersed 
midship section, 1040 square feet ; total displacement, 
6257 tons. The armour-plates were manufactured by 
Messrs. John Brown and Co., of Sheffield ; but the iron 
prow was made at ironworks belonging to the Russian 
Government. ‘The total weight of armour is 860 tons. 
The plates are 43 in. thick at the middle of broadsides, 
the thickness decreasing to 3} in. and 3 in, towards both 
curved ends. Below the water-line, at the stern of the 
vessel, the armour is reduced to 2in. thickness. The 
teak backing is 10 in. amidships and 6 in. at the ends. 
The engines, of 800 horse power, were manufactured 
at the Izorsk works. ‘Their cost, not including erec- 
tion, was 312,201 roubles, or about 60/. per horse 
power. 

The frigate Petropolovsk is very similar in its dimen- 
sions and details of construction. The engines were 
made by M. Baird, an engineer at St. Petersburg, at a 
cost of 420,000 roubles; the total cost of this vessel 
amounting to 14 million roubles, or 225,000/. Amongst 
the so-called batteries, the most important is the 
Pervenez, which is of the following dimensions: 
Length, 220 ft. ; beam, 53 ft. ; draught, 14 ft. 6 in. ; dis- 
placement, 3277 tons ; engines, 300 horse power. The 
armour is 44 in. thick amidships, and reduced to 4 in. 
at each end; it reaches 4 ft. below the water-line, and 
is backed by10 in. East Indian teak. The engines were 
made by Messrs. Maudslay, Sons, and Field, at a cost 
of 151,300 roubles. The vessel, without engine, cost 
816,256 roubles. 

The battery Netron Menja (“touch me not’’), con- 
structed at St. Petersburg by Mr. Mitchell, has the 
following dimensions: length,‘ 220 ft.; width, 58 ft. ; 
displacement, 3340 tons; draught, 15 ft. It is a copy 
of the Pervenez, with some improvements. The 
engines are 450 horse power; they were originally 
made by Messrs. Humphrys and Tennant, of London, 
for the line-of-battle ship Constantin, and were subse- 
quently fitted to this battery. 

The battery Kreml is an improved copy of the 
two former vessels; its outer dimensions are very 
nearly the same. ‘The teak backing is 18 in. instead of 
10in.; armoured bulkheads have been added, and the 
ports made to suit heavy steel ordnance. The engines, 
360 horse power, are of Russian make, refitted from 
another ship. 

The cupola battery Smer¢ (or “Smertch”), con- 
structed by Mr. Mitchell at St. Petersburg in 1864, 
according to Captain Cole’s invention, is a copy of the 
Danish iron-clad built by Messrs. Napier and Co., of 
Glasgow, and named the Rolf Krake. Its dimensions 
are : length, 183 ft. ; beam, 38 ft.; draught, 10 ft. 6 in. ; 
displacement, 1400 tons. The body of the vessel is 
almost completely immersed; the sides above water 
are inclined inwards. The ship carries two turrets 
and an armoured commander’s castle of elliptical plan. 
The machinery for moving the revolving turrets is 
below deck, and the elliptical port-holes of the cupolas 





are almost flush with the deck. ‘The bow carries a 
prow 4 ft. below the water-line, and the stern carries 
an armoured projection to protect the screw and the 
rudder. “ The turrets are 22 ft. diameter each, and 
carry 44in. armour, with two teak backings, one 8 in. 
and one 4 in. thick, behind each other, and connected 
by iron diagonal ribs. An inner skin of 1 in. plates 
forms the interior surface of the turrets. The weight 
of each cupola with teak and armour is 87 tons, of the 
commander’s castle 94 tons, and of the broadside armour 
214 tons. Each cupola is constructed to carry an 
8 in. steel gun. The masts of the Smere are of iron; 
the engines, of 200-horse power, were made by Messrs. 
Maudslay, Sons, and Field, at the price of 90,000 
roubles. Twin screws, 8 ft. diameter each, are fitted 
to this vessel, the whole cost of which was 504,000 
roubles, including the engines. Drawings of this ship 
were recently published in ENGINEERING. 

Monitors.—These are copies of Ericsson’s well-known 
constructions. The turrets carry two guns each, and 
have an upper turret for the commander and steering 
apparatus. The turrets are armoured with eleven plates 
of lin. thickness each, and the commander’s house 
with eight layers of 1 in. plates. The deck carries two 
layers of $ in. plates, and the funnel is armoured to a 
height of 8 ft. above deck, with eight plates of 1 in. 
The following are the principal dimensions of the 
Russian monitors : , 

Length, 200 ft.; beam, 46 ft.; total displacement, 
1565 tons; tonnage, 1350 tons; draught, 11 ft. 6 in. ; 
inside diameter of turret, 21 ft.; height of turret, 9 ft. ; 
nominal horse power of engines, 160; power of engines 
for turning the turrets, 30 horse power. Ten of these 
vessels were built at the Arsenal at St. Petersburg, and 
several others have been let to contract to Macpherson 
and Co., and other makers in Russia. Two monitors 
were constructed at Cockerill’s works near Liége, in 
Belgium, and taken thence to St. Petersburg in parts, 
and there fitted together. 

These vessels are fitted with ventilating machinery 
for engine-rooms and turrets, and are intended to carry 
rifled steel cannon of 15 in. and 9 in. bore. The single 
screw is four-bladed, 12 ft. in diameter, and they are 
each fitted with a balance rudder. 








TIME AND THE ANTIPODES. 
To tHe Eprror or ENGINKERING. 
Srr,—Referring to the very natural ey pet by “ Ignora- 
mus,” in ENGINEERING of November 2, and the replies thereto 
on November 9, I fancy that “ C. E.” and “ H. P.” have only told 
‘‘Tgnoramus ” what he previously knew, and I presume to think 
that I can explain what he desires to know. 
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The sun is stationary, and each day is caused by the earth 
turning on its polar axis in twenty-four hours. By custom it 
is established so that each day commences on the extreme east 
of the eastern hemisphere (say in the longitude of Australia and 
Japan), and ends on the western coasts of America. For in- 
stance, supposing it to be six on Saturday evening in the longi- 
tude of California, it will already be about twelve noon on Sun- 
day in Australia and Japan, eight A.m. on Sunday in India, 
and 2 A.m., Sunday, in England. The great break of jump in 
time occurs practically on the Pacific Ocean. ; 

I enclose a small diagram, which, if you have space will tend 
to more clearly explain the meaning of 

Yours, Sir, faithfully, 
Ludlow, Shropshire, November 10, 1866. A. Day. 








GrpraLTaR.—Drainage and sewerage works are to be carried 
out at Gibraltar at a cost of 26,1237. of which the Home Go- 
vernment is to pay 10,320/. 
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SILVER FOUNTAIN WITH NADAL’S PUMP. 


BY HARRY EMANUEL. 











































CanaviaAN Rawroaps AND TEeLEGRAPHS.—The Govern- | 
ment return for the year 1865 shows that there were in that 
year 2148 miles of railroad in Canada open for traffic. Their 


cost has been 121,543,189 dollars. The receipts for 1865 
amounted to 10,910,678 dollars. The total working expendi- 
ture was 5,778,843 dollars. Renewals cost 1,355,759 dollars. 
There are three telegraph companies at work in Canada. The 
total length of the lines in 1865 was 4978 miles; the number of 
messages sent, 479,331. 





Tre Mmvanp Rattway.—The slip'of the embankment and 
viaduct of the new Midland extension to Manchester, in the 
valley of the Goyt, includes some twelve acres. The viaduct 
will have to be replaced by an embankment. 

Tae Worxs at Smirnrietp.—The tender of Messrs. 
Browne and Robinson has been abcepted for the erection of the 
new Meat-market at Smithfield, for 134,4607. It is worthy 
of remark that the contract accepted is 30,5402. less than the 
architect's estimate, which was 165,000/. 








HAYES’S SURFACE 


















OOO V3 





SSSI SSH SAAS 
ee iddeeeceeeeeelee 









ded ddidldddaiddddéséusa 


CONDENSER. 

















































MMMM gH 














NADAL’S PATENT FOUNTAIN-PUMP. 

WE give, above, a tive view, together with details, of an 
cnseodlegiy Rentous tonlo fountain which has been recently 
made by Mr. Harry Emanuel, of New Bond-street, for the . 
ensuing Paris Exhibition. The fountain, which is about 30 in. 
high, is constructed of solid silver inlaid with lapis lazuli, and ig 
decorated at the base with figures in alto-relievo. Around the 
base is a jardiniére, and at the summit is a glass dish with a 
— figure supporting a jet, whilst there are also jets at the 


ase. 

The fountain contains one of Nadal’s patent fountain-pumps, 
an ingenious contrivance, by which the water is supplied to the 
jets. The arrangement of this pump will be seen by the figures 
on the left-hand side of the engraving, the upper one being a 
vertical section and the lower one a sectional plan. he 
motive power consists of a strong coiled spring contained in 
a drum situated on a central shaft near the base. This spring 
gives motion to a spur wheel, which in its turn drives three 
small pinions fixed on short vertical spindles disposed around 
the central one. Each of these spindles is furnished at its upper 
end with 4 disc having a .crank-pin, and from each of these 
crank-pins a connecting-rod extends to a cup-shaped plunger, 
attached to an india-rubber diaphragm placed across a cup- 
shaped recess formed in the central column. This arrangement 
is shown in the sectional plan, and from it it will be seen that as 
each plunger is thrust towards the centre it will tend to expel 
from the corresponding recess any liquid that may be contained 
init. The plungers are guided so that they each move in a 
radial line, and the cranks are so placed that the plungers per- 
form their strokes alternately. 

Each of the recesses into which the plungers enter is 
furnished with inlet and outlet passages, each fitted with a 
small spherical valve. These valves act as suction and delivery 
valves respectively, the passage from the suction valves com- 
municating with the basin into which the water from the jet falls, 
and the passages from the delivery valves leading to the jet, 
the lower part of which is surrounded by an air-chamber. 
The jet plays for from four to five hours after the,pumping- 
machinery has been wound up. We should mention that this 
fountain is similar to one which had been previously made for 
Mr. James McHenry. 








HAYES’S SURFACE CONDENSERS. 

WE alluded in a paragraph in this paper, three weeks ago, to 
a form of surface condenser patented by Mr. Edward Hayes, of 
the Watling Works, Stoney Stratford, and we now give an en- 
graving of an engine provided with one of those condensers as 
fitted by Mr. Hayes to one of the screw barges of the Mersey and 
Weaver Navigation Company (Limited). This engine has a 
cylinder 14in. in diameter with 20in. stroke. It is supplied 
with steam by a boiler, C, of the locomotive class, and the ex- 
haust steam is led by the pipe, E, to the condenser. 

This surface condenser, which forms the principal feature of 
the whole arrangement, consists of a cast-iron outer case con. 
taining a number of brass tubes, 4 ft. 6 in. long, g in. in diameter, 
and No. 17 wire-gauge thick, placed as shown. in the engraving, 
and secured into the tube-platesin the ordinary way. At each 
end of the condenser there is a water chamber, and into one of 
these chambers the water enters near the top through an open- 
ing, A, in the side of the-vesse].. The otber.chamber has an 
exit pipe, B, led from near the bottom of it, this pipe passing 
through the stern near the screw shaft, or about midway between 
the boss and the outer ends of the screw-blades. 

From this arrangement it will: be seen that when the engine 
is blown through—the vessel being at rest—the steam , heating 
the water in the condenser tubes, causes a circulation to take 
place, the water in this ease entering through the stern pipe and, 
after flowing through the condenser tubes, escaping through the 
pipe leading from the upper end of the foré chamber to the side 
of the vessel. This circulation is found in practice to be quite 
sufficient to clear the cylinder of steam ready for starting. As 
soon as the screw is set in motion, the direction of the current is 
instantly changed, and a rapid flow takes place through the con- 
denser into the partial vacuum produced by the action of the 
screw. This stream, after passing through the condenser, is 
found to have a temperature of about 90°. The condensed 
steam in the condenser is withdrawn tlrough the pipe, I, by the 
air-pump, D, and lifted into a tank, from which it is drawn by 
the feed-pump, H, for the supply ot the boiler. 

When it is found inconvenient to lead the exit-pipe through 
the centre of the stern of the vessel as shown in the engraving, 
it can be passed through the plating of an iron vessel, or the 
planking of a wooden one a little on one side of the stern-post. 
The amount of water supplied to the condenser can of course be 
increased or diminished at pleasure by varying the size of the 
inlet and exit pipes, and the whole arrangement has been found 
to work well. Mr. Hayes has also applied his condensers to high- 
pressure engines without an air-pump, the condensed steam 
being in this case allowed to flow down to the lowest part of the 
condenser, and thence raised by the feed pump for the supply of 
the boiler. This application of the condenser is likely to prove 
useful in many cases in which the boiler would otherwise have 
to be fed with turbid or brackish water. 





Castings of irregular forms and varying thickness are strained 
in cooling, and cast-iron wheels with hght rims and heavy naves 
ofteu break of themselves soon after being taken from the mould, 
unless careful provision has been made for the unequal contrac- 
tion of their inner and outer portions. : 

The “ bull’s-eyes” or convex glasses commonly used for light 
ing American ships have been found, in some.cases, to act as 
burning-glasses ; concentrating the rays of the sun to such an 
extent as to set son fire. 

A long planing machine exposed on one side only to the ray 
of the sun, as in a workshop lighted only at the sides, is throw 
out of line by the unequal expansion of the slides. 

Locomotive engine tyres 2in. thick, and of a diameter 
44 ft., have been set with a shri of 1} in. in the inner cir- 
cumference, and that without bursting, or becoming loose. ' 

In driving piles by Nasmyth’s steam pile-driver, working « 
from sixty to seventy blows per minute, the heads of the p'\ 
sometimes burst into flame and burn fiercely. 
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HOT-BLAST STOVES. 


BY_MR. JOHN PLAYER, ENGINEER, STOCKTON-ON-TEES. 
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Lasr year Mr. John Player, of Norton, Stockton-on-Tees, 
brought out and patented a form of blast heating stove, heated 
by the waste gases from the furnaces, and this stove, which has 
already been extensively applied, he has recently modified so as 
to adapt it for being heated by a coal fire in cases where the 
waste gases are not utilised. - Of this new form of the stove we 
now give illustrations, and we may here remark that its general 
arrangement is identical with that of the stoves worked by the 
waste gases, except that it is provided with a fireplace and 
steam jets, as will be explained presently. 

Our engravings represent a pair of the new heating stoves, 
capable of heating about 5000 cubic feet of air per minute to a 
temperature of from 1000° to 1200°, and their arrangement is as 
follows: The coal fire for heating each stove is situated in a 
fireplace on one side, as shown in Figs. 2 and 4, this fireplace 
having a grate 4 ft. square. From the fireplace a flue conducts 
the hot gases to a chamber extending across the lower part of 
the stove, and connected by five flues on each side, with the 
upper or heating chamber, in which the cast-iron pipes, through 
which the blast passes, are placed. This lower chamber acts 
partly as a combustion chamber, and it also serves to distribute 
the gases, so that they are eae from impinging directly 
upon the cast-iron pipes. The arrangement of the latter is 
clearly shown in the illustrations, from which it will be seen 
that each stove contains thirty-six pipes, these being, in the case 
of the stoves which we are describing, 12 in. in diameter by 


“nearly 14 ft. high, so that they expose altogether (in the pair of 


stoves) about 3400 square feet of heating surface. The pipes in 
each oven are disposed in six rows, and the six pipes forming 
each row are connected at the bottom and top alternately, as 
shown in the left-hand side of Fig. 1, and the blast has thus to 
t six times on its way from the 
inlet to the outlet pipes, which are placed as shown on Fig. 3. 
The heating gases eventually escape through a chimney leading 
the top of each oven and furnished with a damper. The 
fireplace is fitted with steam-jets, arranged as shown in Fig. 2, 
these enabling the heat and the quantity of the gases drawn into 
the stoves to be regulated. 
As we have already stated, a number—about eighty—of Mr. 
Player’s stoves, worked by the waste gases from the blast 
urnaces, have already been erected. At the Carnforth Hema- 
tite Ironworks, where there are sixteen of these stoves in use, 
each stove heats sufficient blast to smelt 100 tons of iron per 
week, and they have also been found to work exceedingly well 
at other places where they have been set to work. Messrs, 
Whitwell and Co., of the Thornaby Works, have six of these 
toves in operation, heating the blast to from 1000° to 1200°, and 
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they have also been applied by several of the leading ironmasters 


in Cleveland and other districts. At the Consett Ironworks, 
where there are four of Mr. Player’s stoves, we are informed 
that, with 4 in. nozzles and 34 1b. blast, zinc can be melted at a 


distance of 4 in. from the orifices of the tuyeres; and at another | - 


ironworks where they have been oe quantity of iron- 
stone smelted with a given quantity of coke has ‘been increased 
from 34 to 40 per cent., owing to the higher temperature of the 
blast. Of the heating stoves with separate fireplace, as shown 
in our illustrations, one is now at work in the -Forest of Dean, 
and two others have been ordered by the same firm. oF 


COUNTERWEIGHTING. LOCOMOTIVES, . 

To THE Eprror or ENGINEERING. ° 

Str,—In your last issue, Mr. Makinson says that Mr. Ferni- 
brough conceived the idea that the horizonal component of the 
— force of a revolving counterweight would balarice the 
inertia of the reciprocating parts of a horizontal steam engine. 
He does not, however, state whether it has ever been theoretically 
proved. If not, you may think the following worthy of insertion: 
Proof that in a horizontal steam engine* a counterweight equal 





























* The velocity of the crank-pin being supposed to be uniform, 
and the 


connecting-rod to be infinitely long. 


in weight to the reciprocati having the same radius and 
placed opposite the crank, exactly counteract the horizontal 


pressure on the crank-pin, arising from 

rocating parts, except w 

ae centrifugal force will momentarily act unbalanced 

horizonal line. : 

Let agp=the circle described by the crank-pin and the coun- 
ight. 


on: of crank. 

La=angle the crank makes with the horizon when the 
crank-pin is at any pointa. 

Ld=La+an infinitely small angle =. 

Li=La— ,, ~. 

W=weight of reciprocating parts also of the counter- 
weight. 


P=horizontal on the crank-pin arising from 
the inertia of the reciprocating parts, when at 


the point a. 
V=velocity of crank-pin and counterweight in feet per 
v=velocity of piston when the crank-pin is at the 
int a. 


v’=velocity wi piston when the crank-pin is at the 
mnt 


g=gravity. 
The line ad being an infinitely small part of the circumference, 
it is « straight line, and the angle dac a right angle. : 
Complete the triangle ade, ac and ed being respectively hori- 
zontal and — 
ae and ing parallel, Leac—La. 
Now $e Le a ight angle. 
Also Ldae+Leda=a right sage. 
.”. Leda=Leac=La. 
While the crank-pin moves from a to d, the piston moves a 
distance equal to ae. . 
oe V 3 U8 lad: ae. 
v = V%—V sin eda=V in a. 


Similarly, the velocity of the piston when the crank-pin is at 
6 or d=V sin , or V sind. 
The energy stored in the reciprocating parts when the crank- 
RA vo’? sin d)?W 
pia is .at i. a ” i i 
ayy the energy stored, &c., when the crank-pin is at b 
CV sin 6)*W 


= ; ‘i 

Therefore the power received or surrendered by reciprocating 
parts between @ and b= {wv sin dy? — WV in oye 
= (sin? d— sine 5) VOW 

g ‘ : 

Complete the triangle bkd, bk and kd being respectively hori- 
zoptal:and vertical, »<"~\° : 

The distance travelled by the piston in the same time=b% 
=bd sin ade=bd sin a, but bd=— of 3 circumference =— 


-’. The distance travelled, bo, ° 


Then P=(sin *q—sin *b) was 
-_n(sin *d—sin *) V* W 
a4 2 sin agme 

But 2 sin a practically sin b-+-sin d. 
n(sin*d — sin*b)V* 














* —_— W ~~ * * Vy» W. . 
Sea oy Te ime = i d—sin 6) a 
But > =sind—sin b and bd=“".* 

xaVv?W vw 
.”. P=—>—= 008 a -— , 
bdge ge 


‘ ’ ' :) ; 
Now, the centrifugal force of the counterweight = af Let 
of represent this force in magnitude as it does in direction; the 
if=the horizontal component of it, which must equal P to ob- 
tain horizontal equilibrium. Compare it with the whole force: 
2 
es horizonal component : V'W.. If: of: 


horizontal component=_Y"W i bt =C0S a; 
.’. horizontal component=—— C08 a. 
v°w “ 
But P=——— Cos a, 


_— component of centrifugal force of counter- 
weight. 
T am, Sir, your obedient Servant, 








Tut IpaHo.—Mr. Dickerson’s water-tube boilers, which we 
described ag week, have been fitted by him to the United 
States twin sloop Idaho, a fine vessel 850 ft. long and 40 ft. 
beam. . Mer machinery, which has also been fitted by Mr. 
Dickerson, consists of a pair of horizontal back-action engines, 
with cylinders 80 in. in diameter and 8 ft. to each screw. 
They are fitted with single conical valves and Sickles’s cut-off, 
and are intended to be run at the speed of 60 revolutions or 
lg piston per minute. The engines have surface con- 
sers. 





* This is only true when La is more than 2” off 0 or 90° 
n 

When La=0 or 90°, sin d—sind=0.°. P=O. When La=0O, the 

horizontal component, of the centrifugal force of counterweight 

Pa a which acts for an inapppreciable space of time without 


having any force to counteract. 
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COMMUNICATIONS IN INDIA. 
ITI.—NavicaBLe Rivers anp Canals. 

Ly former times, and before the establishment of the 
East India Company in India, canals for the purpose 
of navigation had no existence there; little use was 
ever made of the rivers generally, excepting the Ganges, 
Brahmapootra, Hooghly, Indus, a perhaps a few 
others of the largest class, which doubtless served as 
the highway between places situated on their banks, 
and nothing seems ever to have been done to improve 
their navigation. In the heavy freshes, rafts of timber 
and circular boats of wicker-work covered with leather 
were floated down some of the larger streams, but on 
very few of the rivers was any attempt ever made to take 
laden vessels up the stream. Still less use was made 
of the canals of irrigation, though many of them were 
well adapted for water carriage during six or eight 
months of the year. The backwaters both of the 
eastern and western coasts were turned to somewhat 
more account, but the boats in use upon them were 
canoes made from single trees, which, from their 
narrowness and consequent deep draught of water, 


were very ill suited to the shallow lakes they navi. 


gated; a considerable traffic was carried on by means 
of coasting craft, but that was expensive, slow, and 
dangerous. 

Up to the year 1850 the river navigation of the 
country had not been improved, and canals for traffic 
had only been attempted on the very smallest scale. 
In the Tanjore district, where attention was most 
strenuously directed to the extension of irrigation, the 
canals, whilst they added largely to the prosperity of 


the district, considerably enhanced the difficulty of 
travelling, owing to the omission to build bridges over 


them. ‘The main irrigation channels were originally 
intended to be navigable, but they appear to have been 
but little used, as, owing to their neglected condition, 
boats could rarely pass without much difficulty, and 
frequently they could not pass at all. The first canal 
aiiatiiion for the exclusive purposes of navigation is 
that known as Cochrane’s canal, extending from the 
Pulicat lake, through the Ennore backwater, to 
Madras. This was originally constructed by private 
capital, and it was completed in the year 1806; but on 
Ist April, 1837, it passed into the hands of the Govern- 
ment. Comparatively little use appears, however, to 
have been made of this canal, owing, firstly, to the un- 
certainty and delay of the navigation, which was often 
altogether interrupted through the shallowness of the 
channel, and, secondly, to the complicated system of 
tolls. In Malabar improvements were made in the 
means of transit, during Lord Tweeddale’s administra- 
tion, by cutting canals to connect some of the extensive 
backwaters of the district; the cuts were three in 
number, of the aggregate length of ,but 21 miles, yet 
with the intervening backwaters they formed a con- 
nected navigation 90 miles in length, and, besides 
greatly promoting trade and intercourse in general, 
they were of great importance to the district in facili- 
tating the transport of grain from the southern talooks 
to those in the north, the staple of which is pepper. 
It was a part of the original design to unite in one 
cuiieal navigation the backwaters of Malabar, 
Cochin, and Travancore, from Baragherry to Quilon, 
a distance of 200 miles. 

Next after canals, attention was turned to the im- 
portance of improving the rivers of the country, so 
as to render them available for continuous navigation. 
The Wurdah and Godavery rivers in their unimproved 
state had been navigated for above 400 miles from the 
sea, and the Berar cotton, which now goes principally 
to Bombay for shipment, used formerly to be taken 
500 miles on bullocks to Mirzapore, on the Ganges, and 
thence conveyed on boats 450 miles to Calcutta. 
There existed also many other rivers, which, even. in 
their natural state, were, and still are, navigable to a 
certain extent, some of them only for small portions of 
their length, and others only during the rains, from 
July to October, whilst some few are capable of being 
navigated for great portions of their length for the 
whole year. The principal of these rivers are, in the 
Upper and Lower Provinces of Bengal, and including 
that portion of India now known as the Central Pro- 
vinces, the Hadjee, the Attree, the Bangunga, the 
Brahmapootra, the Burnah, the Cane, the Chowka, 
the Coosy, the Durlah, the Ganges, the Ghogra, the 
Goomtee, the Gunduck, the Gunduck Chota, the 
Hooringottah, the Jellinghee, the Jumna, the East 
Kallee Nuddee, the Kanhan, the Kurumnassa, the 
Mahanuddy, the Mahanunda, the Matabanga, the Ner- 
budda, the Raptee, the Saee, the Soane, the Soonder- 
bunds mouths of the Ganges, the Taptee, the Teesta, 
and the Tons. In Madras there are the Cauvery, the 





Godavaery, the Ponany, and the Vellaur. In Bombay 
and Sinde, the Buggaur, the Hujamree, the Indus, the 
Western Narra, the Phitti, the Pinyaree, and the Savi- 
tree; and in the Punjab, the Chenaub, the Jhelum, 
the Kabool river, the Ravee, and the Sutlej. With 
such an extent of rivers already partially available for 
transit, it is not surprising that early consideration 
should have been given to the improvement of transit 
on these water communications, and attention was 
naturally directed to the use of steam, and the con- 
struction of suitable boats for the purposes of a more 
extended system of navigation. This subject was first 
regularly taken up by Lord William Cavendish Ben- 
tinck, who arrived in India as Governor-General in 
July, 1828. At that time the transport of European 
troops and stores to the Western Provinces was always 
effected by water; and the adoption of a more ex- 
peditious mode of travelling than was at that time 
available, would, it was certain, result in a consider- 
able saving to the State revenues, and, taking a gene- 
ral view of the importance of the Ganges and its 
tributaries to the commerce of Hindoostan, it was cal- 
culated that an extent of country, the most populous 
part of India, covering not less than forty square 
degrees, and embracing the courses of the Ganges 
and Jumna on the west and south, the Brahma- 
pootra and Megna on the east, was almost wholly de- 
pendent upon water communication. The boats used 
in this extensive commerce were of various forms 
and construction, amongst which may be named the 
patella, or baggage-boat of Hindoostan; the oolak, or 
common baggage-boat of the Hooghly; the Dacca 
pulwar, the salt-boats of Tumlook, the Calcutta bhur, 
or cargo-boat, the Chittagong boats, the light mug 
boats, with floors of a single hollowed piece of timber, 
and raised sides, neatly attached by sewing, with strips 
of bamboo over the seams; and a variety of others, in- 
cluding the small dinghee and the panswee, the com- 
mon canoe, and the ketch-rigged pmnace, the budge- 
row, and the bauleah. So precarious, however, was 
the use of the native boats in river navigation, that 
the premium of insurance was no greater on a voyage 
to England than to Allahabad. 


The first vessel in India propelled by steam was one 
built at Lucknow for the King of Oude ; her dimen- 
sions were, length 50 ft. breadth 9 ft., and depth 4 ft. 
The engine, which was of 8 horse power, and had 
a single cylinder, was constructed at the Butterley 
works, in 1819. The speed attained by this little ves- 
sel is said to have been from seven to eight miles an 
hour. ? 

Although the attention of the Government was very 
naturally directed to the subject of steam navigation, 
in this, as in all other matters open to individual en- 
terprize, private adventures took the lead. The Diana, 
originally mtended for employment on the Canton 
river as a private speculation, was, soon after her 
completion in 1822, sold to the Bengal Government, 
and rendered important services on the Irrawaddy 
river during the Burmese war. On the 22nd Feburary, 
1825, the Enterprise was launched from the dockyard 
of Messrs. Gordon and Co., at Deptford, and ‘was 
afterwards fitted with a pair of sixty-horse engines, by 
Maudslay, and a single copper boiler which weighed 
32 tons, and alone cost abe 7000/7. Her cylin- 
ders had a diameter of 43in., and a stroke of 4 ft. ; 
the paddle-wheels were 15 ft. in diameter, having 
fourteen arms each; the breadth of the paddles was 
7 ft., and their depth 17 in. At full speed the engines 
made twenty-four strokes per minute. This was the 
first steamship that ever made a voyage round the 
Cape of Good Hope; she started from London on the 
6th August, 1825, and arrived off Calcutta on the 8th 
December following. This vessel was also purchased 
by the Government, and played a not unimportant part 
towards the termination of the Burmese war. Besides 
the two above-mentioned steamers, there must also be 








named amongst the pioneers of steam navigation in 
India the Falcon, Emulous, and Felica, from England, 
and the Diana, Forbes, Comet, and Firefly, the hulls 
of which were built on the river Hooghly. As private 
speculations, none of these vessels answered the ex- 
pectations of their owners, and they were all event- 
ually sold to the Government. The Irrawaddy and 
Ganges, the first two steamers constructed by the 
Bengal Government, were launched from Messrs, 
Kyd and Co.’s yard, at Calcutta, on the 1st January 
and 14th February, 1827, respectively, the engines 
having previously been sent out by the Court of Direc- 
tors from Mr. Maudslay’s works in London; they 
consisted of two pairs of his forty-horse engines which 
had been csiginalip constructed for two ten-gun brigs 
of war. 

Soon after the conquest of Assam, the difficulties in 
the navigation of the Brahmapootra, from the strength 
of the current and prevalence of easterly winds and 
the want of good communications by land, suggested 
the expediency of applying steam to secure the desired 
facilities ; cneniiade: two pairs of twenty-five horse- 
power engines were sent out from Mr. Maudslay’s 
for vessels to be built at Calcutta. These arrived ‘in 
1826, and were placed in the two vessels built to 
receive them, namely, the Brahmapootra and the 
Hooglily, the former of which was launched on the 
19th January, and the latter on the 29th March, 1827. 
Instead of sending these vessels to Assam, as had been 
originally intended, they were, under the authority of 
Lord William Bentinck, retained for experimental 
service, with a view to ascertain their applicability to 
Indian river navigation, the improvements of which 
they were susceptible, and the advantages of steam 
asa general question. The Hooghly, having proved her- 
self the faster of these two vessels, was employed in an 
experimental trip from Calcutta to Allahabad, and not- 
withstanding occasional delays the journey, which pre- 
viously occupied three months, was completed in twenty- 
four days. Notwithstanding the success of this and subse- 
quent trials, the “Hooghly” was found todrawtoo much 
water for the general purposes of river navigation, and 
in order to promote further this very desirable object, 


eager were Offered for plans of vessels capable of 
eing used as river tugs, with engines similar in weight 
and description to those of the Hooghly and Brahma- 
pootra, and likewise of tugs furnished with high-pres- 


sure engines. Eight plans were received in conse- 
quence of this offer, and the committee to whom they 
were referred gave their unanimous vote in favour of a 
design by Captain Cowles. Another vessel, designed 
by Captain Forbes, was, however, ultimately adopted, 
and ordered to be built. This latter vessel was 110 ft. 
in length; breadth, 18 ft., and draught, 2 ft. when 
loaded for a journey, with stores and fuel on board. 
The accompanying illustration shows the principle upon 
which the vessel was constructed; on trial she was 
found to fulfil all the expectations previously formed 
of her, and proved perfectly under command of the 
helm—a most important point in navigating the rivers 
of India, many of which are extremely tortuous and 
difficult in their channels. 4 

In a report by Major Briggs on the Assam Trunk 
Road, dated in 1863, the following remark occurs re- 
garding the then state of communications in that 
district: “Some of the stations in Assam are un- 
“approachable during the dry season, except by 
‘long travel through dense jungle. A steamer once 
“in six weeks forms the sole means of intercommuni- 
* cation, the benefit of which, moreover, is only fully 
“felt by the river stations. It takes longer to cor- 
“respond between Gowalparah and Dibrooghur than 
“ it does between Calcutta and Bombay. Dibrooghur, 
“ or Luckimpore, with its hundreds of tea-planters, is, 
“ to all practical purposes, further from the presidency 
** than any civil or military station in Hindustan. An 
“ erroneous impression prevails that as nature seems 
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“to have intended the Brahmapootra as the great 
“thoroughfare of Assam, therefore land communica- 
“ tion is, if not unnecessary, atleast of very secondary 
“importance. Such is, however, a great mistake, 
“ which cannot long be entertained in the immediate 
“ presence of this mighty but unmanageable river. In 
“ fact, so far from the country,making the river sub- 
“servient to its requirements,it is the river which 
“dominates the country.” This state of things is 
now fast disappearing in Assam, and lines of trunk 
roads will shortly be completed, giving means of transit 
to the entire district throughout the year. Taking, 
then, this great river, not as an isolated example, but 
asa type of many of the othet navigable rivers of 
India, it would appear that although navigation must 
always exist where it is practicable, much may require 
to be done before that means of communication can be 
expeditiously and safely adapted ; but, however much 
cheaper it might be to control the rivers, and construct 
canals, there can, be no doubt that neither of those 
means would long prove sufficient for the requirements 
of any district. ‘The superiority of water carriage for 
bulky and low-priced goods must, on account of its 
cheapness, always be admitted; but as civilization and 
population increase, so must navigable channels give 
way, to a great extent, to high roads, whilst these 
again must ultimately yield a portion of their traffic to 
the ever restless agency of steam. Nevertheless it is 
the duty of Government to construct or improve means 
of water communication wherever practicable: the 
cheapness and expedition with which works for that 
purpose can often be carried out are the strongest 
arguments in favour of sucha policy. The importante 
of affording improved means of transit in any‘“district 
are too great and too universally understood to need 
any argument in its favour. 








JAMAICA. 
To tHe Eprror or ENGINEERING. 


Srr,—In your number of November 2nd, you quote a para- 
graph from the Scientific American about machinery for 
Jamaica. I was out there nearly two years, and it may be use- 
ful to give publicity to my observations. 

Undoubtedly, saw-mills would be of immense service there, 
for on one occasion (in Portland) I we 6s. to two negroes for 
sawing 30ft. linear of hard wood (nuseberry bullet tree) 
12x9. But, from the high freight—about 5s. per cubic foot for 
light goods, and more in proportion, therefore, for the class of ma- 
chinery to which saws belong—and the duty, 43 per cent., a saw- 
ing apparatus would just double itself in price by the time it 
reached Kingston. Water power will always, in Jamaica, 
where one has to contend against the fitful character of the 
labour of even the best negroes, be preferred to engines, from 
the expense attending the collecting of wood for fuel. 

The fibre of the penguin, which I have seen manufactured, 
and a small specimen of which you can have, if you wish it, 
for the inspection of those interested, is not suitable for textile 
fabrics, except such as matting for floors. I have never tested 
its strength for ropes, but I think it is not nearly so strong as 
“manilla.” Plantain fibre is finer, and, although quite as 
abundant, is scarcely more useful. The Jamaica Cotton Com- 
pany tried many experiments, and obtained a machine which 
never thoroughly did its work, although I believe it might 
have been made to answer, after much experimenting, by a 
competent tool-maker. , 

The custom mentioned of allowing a “length of stick to pro- 
trude from the fire” is due to the carelessness and intractability 
of the negro, not so much to the fact that it saves labour as that 
the “ nigger” never can be made to do his work thoroughly. 

Jamaica abounds in very fine timber. One of the hardest kinds 
is known by the name of ‘* cogwood,” which answers well in mor- 
tice wheels. It is about the- colour of rosewood, but very hard 
and tough. (I have a specimen which you are welcome to if it 
interests you). I think that anywhere else the timber would be 
exported; but I am afraid nothing ever pays in Jamaica, I 
cannot give the reason for it; but even take a sugar estate, and 
trace its progress, and we shall find that, except with the very 
best management, it will not pay as it would elsewhere in pro- 
portion to the outlay. Dogwood (like very hard English ash) 
would be very valuable here, and so would a hundred ‘others. 
Machinery is very little used, partly, I think, because the cir- 
cumstances of the climate, soil, and atmosphere of the country 
are not sufficiently known by English engineers. In the tropics 
iron rusts so rapidly, and negroes, as labourers, are so worth- 
less, that machinery is most expensive to keep in repair, and 
engineers do not provide against such contingencies. Bright 
work is useless, except in working parts, and I do not remember 
ever to have seen galvanizing in the “ black” parts of ironwork. 

The woods I have named seem to resist the “ wood ant” for a 
long time, although, when long exposed to sun and wet, alter- 
nately, they rot, and then the ants get through them. 

I am, Sir, 
sie Yours very respectfully, 
Maachester, Noy. 14th, 1800 J. W. H. 


Tux Wurre Ant.—The Rev. Z. Barry, of St, Jude’s, Rand- 
Wick, states that the only timber that can effectually resist the 
Waite ant is the jarrah or Western Australian mahogany. 
“ This,” he says, “is never eaten by anything, and never decays 
i the ground.” Sooner or later it seems likely to: be used in 
Many’ localities for posts and rails, for railway sleepers, for 
Wharves, and for the ground floors of houses. 








THE WATERWORKS OF LONDON. 
No. VIL.—Tag SourHwaRK AND VAUXHALL 
Waterworks Company. 

Tue Southwark and, Vauxhall Waterworks Company 
to whom Mr. Joseph Quick is the engineer, supply 
at the —— time a daily quantity of water ex- 
ceeding by about 20 per cent. that distributed by any 
one of the other Thames companies. Their works at 
Battersea were formed in 1842, and in 1857 they 
shigied their sburce of*supply to Hampton, where their 
pumping station adjoins those of the Grand Junction 
and West Middlesex Companies. 

At Hampton the water is admitted direct from the 
Thames into a subsiding reservoir, having an area of 
83,000 square feet, and an average capacity of about 
5,000,000 gallons, the depth of the water in the reservoir 
varying according to the height of the water in the 
river. From the subsiding reservoir the water is 
pumped by three direct-acting or “Bull” engines 
through a 36 in. main, about thirteen miles in length, 
to the works at Battersea, where the other subsiding 
reservoirs and the filter-beds are situated. Of the engines 
at Hampton, two have each a 60 in. cylinder with 
10 ft. stroke, the diameter of the pump-pole being in 
each case 32,in. The other engine has a 70 in. 
cylinder and 42 in. pump-pole, the stroke being, as in 
the case.of the other engines, 10 ft. .The engines all 
pump into thé main against a head of 135ift. in a 
standpipe. 

The water coming through the 36 in. main from 
Hampton is, at Battersea, delivered over a weir and 
then conducted into one of the subsiding reservoirs. 
From this it is led into the second subsiding reservoir, 
and thence to the filter-beds. The area of one of the 
subsiding reservoirs is 187,670 square feet, and that of 
the other 93,000 square feet, the depth being in each 
case about 10 ft., and the contents being about 
12,000,000 and 6,000,000 gallons respectively. ‘The 
larger reservoir is divided longitudinally by a bank 
which reaches up to the water level ; and, as each part 
of the reservoir is furnished with the necessary inlet 
and outlet pipes, either part can be drained and cleaned 
outwhilst the other part is in use. As we have stated, the 
water from Hampton is usually allowed to flow through 
both the subsiding reservoirs on its way to the filter- 
beds, but arrangements are provided for feeding the 
latter direct from the 36 in. main if it should at any 
time become necessary to do-so. 

The filter-beds at Battersea are five in number, and 
they have a combined area of nine acres. In con- 
struction they greatly resemble those at the Grand 
Junction works at Kew, already described, the water 
being distributed over the filtering material from a 
central open culvert, and collected by branch drains 
communicating with a main receiving drain situated 
under the distributing culvert. Both the main and 
branch drains are constructed of bricks laid with 
open joints. The heds of the filters are each formed 
of a layer of concrete about 1 ft. thick, laid on 
puddle, and above this are placed the filtering 
materials in the following HL first, 12 in. of 
boulders, then 6 in. of coarse gravel, then. 6 in. of fine 
gravel, then 6 in. of hoggin, ‘and, finally, 3 ft. of 
Harwich sand. ‘The filters are generally worked with 
a head of about 4 ft. of water, but this head can be 
increased if required. One. of the filter-beds was 
originally of a circular form with side slopes of 2 to 1; 
but a portion of this bed has been cut off by a branch 
of the London, Chatham and Dover Railway, and the 
remaining portion lias been altered—vertical brick side- 
walls with a concrete backing having been substituted 
for the inclined ones.. By this alteration the filtering 
vapacity of the bed has been very greatly increased, a 
result which appears to be entirely due to the é&tchsion 
of the drainage area beneath the filtering material. 
In fact, in general the extent; of this drainage area 
gives a better indication. of the filtering power of a 
bed than the area ofthe surface of the filtering 
material. In filters’ having sides made with a flat 
slope the latter is frequently very much greater than 
the former, and a considerable portion of it—that 
lying around the edges beyond the line of the drains— 
is almost ineffective. 

The machine for sand-washing employed at the Bat- 
tersea works consists of. a cast-iron vessel with a 
double bottom. The upper bottom is perforated, and 
upon it the sand is placed to a depth of about 3 ft. 
Water is admitted between the bottoms, and this, rising 
up through the sand, flows over on one side, carrying 
the impurities and some sand with it. The overflowing 
water 1s allowed to run down a wire sereen placed in 
an inclined postion, the inclination of the screen being 
so regulated that whilst a great portion of the water 
with the impurities in suspension passes over it into 





the drains, the remainder falls through, carrying the 
washed sand with it, this sand and water being then 
made to traverse a channel in which the sand is de- 
posited. 

The pumping power at Battersea consists of five 
beam-engines and one direct-acting or “ Bull” engine— 
all being of the Cornish class. Two of the beam-engines 
are employed in pumping to the high-level districts in 
the neighbourhood of Wimbledon, whilst all the rest of 
the engines pump into the mains for the lower district. 
The two engines supplying the Wimbledon district 
were made by Messrs. Harvey and Co.; they have 
each a eylinder 55 in. in diameter and 8 ft. stroke, and 
they each work a double-acting pump, the diameter of 
the pump-piston being in the case of one engine 154 in., 
and in that of the other 144 in., whilst the stroke is, in 
both cases, the same as that of the steam-pistons, or 
8 ft. These engines deliver the water against a head 
of 300 ft., and pump through one of Husband’s patent 
relief valves, of the kind of which we gave an en- 
graving (in connexion with one of the engines of the 
West Middlesex Waterworks), on page 251 of the pre- 
sent volume of this journal. They can, however, be 
made to pump into the same stand-pipe as the other 
engines, if required. 

The Bull engine was also built by Messrs. Harvey 
and Co.; and it was the first engine of its class erected 
in London by those makers. It has a cylinder 70 in. 
and a pump-pole 33 in. in diameter, the stroke being 
10ft. This engine, like the others, pumping into the 
low-level mains, delivers its water against an average 
head of 170 ft. ina stand-pipe. Generally speaking, 
this engine is run about 12 hours per day. Next to 
the Bull engine is a beam engine—at present under 
repair—also made by Messrs. Harvey and Co. ‘This 
engine has a cylinder 68in, and pump-pole 33 in. in 
diameter; the stroke of both the steam piston and 
pump plunger being 10 ft., and, like the Bull engine, 
it pumps into the stand-pipe. . 

‘The next engine is one built by the Perran Foundry 
Company. It has a cylinder 64in. in diameter and 
11 ft. Gin. stroke; and a pump plunger 33 in. in 
diameter and 10 ft. stroke, the beam having unequal 
arms. The remaining engine, which was constructed 
by Messrs. Harvey and Co., is the largest, its cylinder 
being 112in. and its pump plunger 50 in. in diameter, 
whilst the stroke is in cath case 10 ft. The bed-plate 
of the cylinder of this engjne is fixed upon the 30-ton 
block of granite exhibited in the Great Exhibition of 
1851, and the steam nozzles are fitted to the cylinder 
on the side furthest from the main centre, the steam 
valves being worked by rods carried across the cylinder 
cover. Both the engines last mentioned pump into 
the mains, against an average head of 170 ft. in the 
stand-pipe. ‘The five engines are supplied with 
steam by twenty-four single-flued Cornish boilers, 
worked at a pressure of 40 lb. per square inch. 

During the month of July last, it appears, from the 
Registrar-General’s report, that the Southwark and 
Vauxhall Company furnished an average daily supply 
of water amounting to 12,180,000 gallons, this quan- 
tity being distributed. amongst 73,857 houses. ‘The 
total amount of the impurities in the water was 23.66 
parts in 100,000, this including 16.2 parts of carbonate 
of lime, or its equivalent, and but 0.98 part of organic 
matter. The total length of the pipes and mains be- 
longing’ to the company is at present 675 miles, 








Tue Woop Beartines_Parent.— Messrs. Bibby | and 
Messrs. Jack, of Liverpool, have obtained a new trial of the 
suit brought by Mr. Penn to obtain royalties upon their use of 
his wood bearings. ‘The case is now on before the Lord Chan- 
cellor. 

ConTINENTAL Locomorives.—Messrs. Escher, Wyss, and 
Co., of Zurich, are making ten locomotives for the East Indian 
Railway, and these engines, it appears, are first sent to this coun- 
try, vid Antwerp and Goole. A Liverpool correspondent of the 
Times calls attention to this fact, as an illustration of how we 
are suffering from the effect of workmen’s strikes. 

GuLAscow AssocrATION oF AssisTaANT ENGINEERS.— The 
usual monthly meeting of this Association was held on Tuesday 
evening, the 6th instant, Mr. William Robertson Copland, vice- 
president, in the chair. Mr, Mortimer Evans, C.E., read to the 
meeting a paper on the ‘ Present State of the Electric ‘Tele- 
graph.” It was prepared with evident care and attention, and 
contained many practical illustrations. 

Sream Fire Encives.—The Eastern Bengal Railway Com- 
pany have decided to use steam fire-engines for the protection of 
their pro} ory in India, and acting under the advice of their en- 
gineer, Mr. Hawkshaw, of 33, Great George-street, have selected 
one of Shand, Mason and Co.'s for this purpose. This engine, 
which is now in course of construction, will be entirely of metal 
we wrought-iron wheels, and adapted in every detail for use in 
India. 

Smoke.—A correspondent of the Society of Arts Journal 
(Mr. J. S. Burt, F.R.S.) suggests that a wire sieve, or, better, a 
sieve with a layer of dried lime, would, if suspended in chimneys, 
intercept all the smoke, and render. the escaping gases wholly in- 
visible. The experiment might. be easily tried, but we have ne 
doubt that it would destroy,the draught. 
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EXPRESS LOCOMOTIVE; GRAND CENTRAL RAILWAY OF BELGIUM. 
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DESIGNED BY M, MAURICE URBAN. 























Te engine represented in the above illustration is one of a 
class designed by M. Maurice Urban, the well-known Belgian 
engineer, for the Grand Central Railway of Belgium. They are 
used for working fast passenger traffic, and have two pair of 
coupled wheels, 6 ft. 10}} in. in diameter, placed at a distance 
of 7 ft. 7 in. apart. The leading wheels are 3 ft. 114 in. in dia- 
meter, and are situated 8 ft. 8 in. in front of the driving wheels, 
making the total wheel-base 16 ft. 3in. In order to reduce the 
weight on the leading end of the engine, the cylinders are placed 
between the leading and driving wheels, the centre of their 
length being 5 ft. in front of the centre of the latter. The 
diameter of the cylinders is 17}in., and their stroke 24 in., 
whilst the connecting rods are coupled to the hind pair of wheels, 
as shown in the engraving. The valve gear is arranged on 
Walschaert’s system. 

The boiler has an oval barrel, the vertical diameter bein 
4 ft. 24; in., and the horizontal diameter 3 ft. 11 in.; the length 
is rather more than 10 ft. The firegrate is large, being intended 
for burning small Belgian coal; its length is 5 ft. 8 in., and its 
breadth 3 ft. 4} in., making its area about 19 square feet. The 
firebox is without a midfeather, and its crown is 4 ft. 3 in. high 
above the grate. The boiler contains 223 tubes, rather more 
than 1}in. in diameter outside, and 10 ft. 8 in. long between 
tubeplates, these thus giving an external heating surface of 
1179 square feet, and making, with a firebox surface of 91 
square feet, a total heating surface of 1268 square feet. The 
total weight of the engines when in working order is 33} tons, 
of which about 10 tons 16 cwt. rest upon the leading wheels, 
11 tons 1 cwt. on the central pair of wheels, and 11 tons 8 cwt. 
on the hind wheels. The springs of the coupled wheels are con- 
nected by compensating beams. The engines are found to do 
their work well, and they are of very neat design, as will be 
seen by the engraving given. 








THE CRUMLIN VIADUCT. 


A CORRESPONDENT of the Star of Gwent gives the follow- 
ing particulars respeeting the alterations now nearly completed 
for strengthening the Crumlin viaduct : 

‘We learn that when the rumour of insecurity was brought to 
the ears of the Board of Trade in the latter part of last year, 
po Tyler, one of the most eminent of Her Majesty’s Board 
of Trade Inspectors, examined and tested the viaduct. Certain 
alterations, which had to some extent been previously contem- 
ary and portions commenced, by the company's engineer, 

y. G. Owen, Esq., were settled upon to be carried into effect. 
These alterations, we learnt, were considered necessary, first, 
because decay of the timber flooring with which the iron super- 
structure had been covered was progressing rapidly ; secondly, 
because the railway company’s engines and rolling stock is much 
heavier than that in use fifteen years ago when the viaduct was 
designed. 

“ The whole of the timber flooring, which was 6 in. thick, has 
now been removed and replaced by wrought-iron transverse 
girders, each 12 in. in depth, about 27 ft. long, placed at a dis- 
tance of about 8 ft. apart, with rail beams of the same depth 
between, and light longitudinal lattic: girder, forming a facia 
connecting their ends, the whole being covered with stout 
wrought-iron plates all rivetted togethe-, forming a continuous 
sheet-iron floor, which is fireproof, and gives great lateral stiff- 
ness to the superstructure. 

“ The distribution of weight upon the main girders, we also 
found, had been altered by placing the lines of wil more towards 
the centre of the viaduct, thereby removing a portion of the 
weight from the outer girders, and bringing it to bear more upon 
the central girders, which were strengthened by the addition of 
extra material in them, which had been so arran as to 
equalise the strain, so that the viaduct which, originally de- 
signed for a load one ton per foot run of rolling load, was now 


quite safe with a load of one and a half ton per foot run; the 
strain upon the iron with the greater load being within the limits 
required by the Board of Trade. Some of 
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bolts which connect the diagonals in the main girders were found 
to have slightly worn away the thin bearing surfaces of the 
diagonals, which at some parts are }in. thick. This was 
remedied by introducing at all these parts gusset plates of a 
triangular form rivetted to them, and thereby increasing the 
bearing surfaces and taking the strain off these bolts. The effect 
of these alterations was to reduce the deflection of the girders, 
which was formerly 1}in. to about gin. About 1000 tons of 
iron have been used in these alterations. 

“ The difficult nature of the work we at once comprehended, 
on learning that the timber floor which formed the backbone, as 
it may be termed, of the superstructure, and upon which the 
lateral stability of the whole depended, had to be cut through 
the centre from end to end of the viaduct, in order to make one 
line complete before the other was touched, which with passin 
trains and hardly room for workmen to stand, at a height o 
200 ft. from the valley below; this, with having to drill by hand 
all the holes in the main girders, rendered the work hazardous 
and costly. The arrangements were so complete that, although 
about two hundred men were employed upon it, not a single ac- 
cident has happened to any of them; and the first half of the 
work was done fourteen days before the specified time, and the 
whole will be completed several weeks before the time stipulated 
for in the contract. The work has been carried out by the 
Messrs. Kennard Brothers, under the direction of their manager, 
Mr. H.N. ~~ without the least interruption of the heavy 
traffic of the line. 

‘* Our readers may perbaps pardon our prolixity on the sub- 
ject, when}they reflect on the restoration of the fullest confidence 
in the stability and security of this beautiful structure, which 
must follow on the publication of these authentic details. We 
should not omit to notice that the viaduct will be shortly much 
improved in its light gracefulness by the addition (already com- 
—— of an ms rail on each side at the top, formed of a 
tastefully; designed lattice work, in place of what we learnt was 
originally a rather clumsy railing of wood. The viaduct was 
designed by Mr. Thomas William Kennard, who is now engineer 
in chief to the Atlantic and Great Western Railway, and residing 
in America. The length of the viaduct is 1500 ft., exclusive of 
masonry abutments, and height 200 ft., and consists of ten 
spans of 150 ft. each, of Warren girders, four girders in each 
span, supported on piers consisting of hollow cast-iron columns, 
12 in. in external diameter, fourteen of these forming a cluster 
arranged in the form of an irregular hexagon, with 30 ft. 
by G0ft., and tapering to the top, where it is 26 ft. by 10ft. 
The improvements are rapidly we completion, and 
oe in no way interfere with its former beauty of design, but 
rather add to it, as well as impart an appearance, even to the 
casual observer, of additional strength and firmness; whilst 
being again painted a light colour (nearly white) instead of the 
late dark rusty brown, which we understood had previously 
made the beautiful work almost hideous, the attractive appear- 
ance it had when first erected has been restored.” 








THE quantity of heat which would raise the temperature of 
1b. of water one degree would raise that of 1b. of air 33 deg. 

The loss of one iron steamer, during the severe cold of January 
1861, was attributed to the breaking of the rivets, and consequent 
opening of the seams by frost. 

The hand may be held without burning on the bottom of a 
kettle of boiling water. 

Cast iron dilates permanently b 
ferrules, for locomotive tubes, ill 
iron ferrules might leak, and for this reason the former are used 
generally in American locomotives. 

Lead and zinc are greatly expanded by heat—the latter metal 
expands nearly twice and a half more than wrought iron under 

ual temperatures. 

The late Mr. Loudon stated that every superficial foot of glass 
is capable of cooling one and a quarter cubic feet as many degrees 
per minute as the i of the external atmosphere falls short 
of that within a building. 


repeated heating. Cast-iron 


remain tight were wrought- © 


THE WATERWITCH. 
To tHe Epiror or ENGINEERING. 
Sr1r,—Referring to my letter which a gerne. in ENGINEER- 
ING, October 26th, in which I mentioned that I had carefully 
checked your calculations, and found that mine very nearly 
coincided with yours, I will now, with your permission, lay them 
before your readers. 
Let a=area of nozzle in square feet. 
v=velocity of water flowing through nozzle in feet per 


second. 
\w=weight of 1 cubic feet of sea-water (64 1b. ). 
h=head of water in feet, corresponding to v. 


Now, as h=( x) we get 


LHP.= mahal (s) 


_ ax¥xw 
~ §50x 64 
_oxe 


~~ 650 
_ 550xLH.P. 
—————— ol 
v= 8193 VEEP. 
a 
and applying this in the present case, we get either 


» = 8.193 V 750 
6.2 
8.193 2/ 121 
8.193 x 4.946 
40.5, 
4/550 x 750 
6.2 
— 47412500 
6.2 
= 166532 
= 40.5 ft. per second. 

The area of the nozzle I get by multiplying 24 x 19x 2=912 
square inches; and, deducting the area of the eight corners, 
912—21=891 square inches=6.2 = feet. The above re~ 
marks refer only to your article on ‘The Water-Jet Propeller, 
in ENGINEERING, of 26th ult., and I will now add a few calcu- 
lations I have made since, relating to the same subject. 

If we wish to ascertain the actual velocity of the water, 
we must take the mean diameter of the wheel, which is 14 ft. 
| 2in., and the circumference of this is 44.5 ft., and the number 
| of revolutions per minute 40.5 x 44.5=1802 ft. per minute, and 


i <= 80 ft. per second. This would then be the actual velo- 
city in the pipe, compared with the theoretical velocity, as found 
above, of (say) 40 ft. per second. It must, however, here be 
borne in ulead that the horse power is as the cube of the velocity 
of the water, the area of nozzle remaining the same, and from 
this we get the horse power coi nding to the velocity, 
30 ft. per second, as about 316 H.P., 40°: 303:: 750 : 316, 
which shows that if out of the 750 LH.P. we get 600 actual 

H.P., there is a loss in the pumps only of about 50 per cent. ; 
ind further, as the actual speed of the vessel is only nine knots, 


orv = 








, ft. per second, as compared with 80 ft. in the pipe, 
the eflsctive hease. power expended in driving the ship ahead 
will therefore be only about 150 H.P. 
I am, Sir, 
Your obedient Servant, 


27, Leadenhall-street, E.C. Lewis OLRICK. 
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STEAM CULTIVATION. 


Tne question whether steam cultivation really 
“pays” is one of hardly less interest to the engineer 
than to the farmer. Steam ploughs and cultivators 
have now been so long and so widely used that this 
fact alone justifies a strong presumption in favour of 
their economy, and we are glad to add that this pre- 
sumption is supported by direct proof, if we will con- 
sent to accept as evidence the “ testimonials” ten- 
dered by the users to the makers of steam cultivating 
apparatus. We believe that hundreds of such testi- 
monials have been received by Messrs. John Fowler 
and Co., of Leeds, and we do not wish to detract in 
the least degree from the great credit due to them, 
when we refer, for convenience merely, to a great num- 
ber of most circumstantial accounts supplied to Messrs. 
James and Frederick Howard, by many of those who 
have used their apparatus—and upwards of five hun- 
dred sets are in use, including one upon her Majesty’s 
estate at Osborne, and one upon that of the late Prince 
Consort, at Coburg. “ Testimonials” as they really 
are, these accounts do not deal in empty praise or 
windy rhetoric, but give results, of real interest to en- 
gineers, and the evident knowledge and experience of 
the writers, and the manifest care and sincerity with 
which they are written, entitle them, in our opinion, 
to rank with the best professional reports. The great 
majority of these statements give the acreage and 
quality of land -ploughed or cultivated, both in the 
whole use of the apparatus and per day. They give 
in many cases, the cost of working, and particulars of 
wear of rope, and general wear and tear of the whole; 
and they answer oye | points as to convenience, man- 
agement, &c., upon which, at one time, the most oppo- 
site opinions were maintained. __ ; 

Many of the sets of ploughing and _ cultivating 
apparatus have been used upon thousands of acres, 
and, without giving names in each case, we may say 
that the reports agree very well as to the work done 
per day of ten hours. In very strong land six to seven 
acres a day are broken up to a depth of nine inches by 
the three-tined cultivator ; and where the depth is less, 
seven to tert acres are got through. ‘This is with an 
8-horse engine, and many add that they require more 

ower. Indeed, in many of the cases reported, the 
find is said to have never been broken up before, and 
to be so hard that horses could not plough it at all— 
although a sufficient number could, of course, plough 
any land. 

As to cost, the returns vary greatly. Without 
allowing for interest and wear and tear, the expense 
of a large breadth of steam cultivation is returned as 
low as 3s. per acre, and in some cases at even less. 
Others give the cost as very considerably higher. In 
nearly every case the exact cost is given, and in many 
it is about 4s. 6d., in others nearly 6s., and in a few 
cases still higher. One of the most business-like 
returns is by . E. Ladd Betts, of the firm of Peto, 
‘Brassey and Betts, who ‘employs steam-ploughing 
— on his farm at Preston Hall, Aylesford. 

€ says : ' , 

“To explain the principle I have adopted in making 
“up the account, I should say I have charged 5 per 
* cent. interest on all the capital employed, and, in 
“addition to the repairs and every expense, 10 per 
“cent. on the cost of the engine and plough for de- 
“preciation, exclusive of the rope; and as the rope 
“shows, with two years’ working, that its wear and 
“tear is not covered by such a calculation, I have 
“charged 35/. as a fair proportion of value for the 
“ year’s service. 

“Tn charging the wear and tear of machinery, &c., 
“T have divided it equally over the acreage, both 
“ ploughed and worked with your cultivator.” 











£s.da £8. d. 

93} acres ploughed, clay land, at 
<i] S| ay 
250} acres ploughed, light land, at 

a a eS 
544 acres ploughed, average at 

14s, 4d. per acre ... eos 246 13 6} 
1043 acres cultivated, average at 

10s. 3d. peracre ... 58 10 11} 
448} acres £300 4 52 


A further return for the next year is as follows : 


906 s. d. 
96} acres ploughed, average at 12s. 94d. 254 2 103 





62, cultivated, ,, 10s. 04d. «a Qe ce 
458} acres i: . «jain 


Speaking generally, almost all who write as to cost 
State that it is not greater than, if as much, as that 
: horses’ work, and, in many cases, it is observed 
that the quality of the work’ is greatly superior to 





that by horses. The ground is more completely 
broken, and is not injured by the treading of horses’ 
feet ; in many cases the work is done much deeper 
than horse-cultivators would go, and, in some cases, 
as already stated, land is broken up by steam which 
no team of horses ever used upon a farm could deal 
with. Many of the farmers state that the crops are 
much better on steam-cultivated than on horse-culti- 
vated land. 


As to breakages and cost of repairs, the statements 
are very-encouraging. Many have ploughed or culti- 
vated hundreds of acres without any breakage at all, 
while others have had a few breakages, caused only, 
as they themselves state, by the a7 rade of their 
own men. One farmer has had his rope broken 
several times, and had it quickly and cheaply spliced 
by his men; but the great majority of the statements 
are to the effect that the rope has not broken at all, 
and, except where between 1000 and 2000 acres have 
been gone over, that it shows but little wear. One 
farmer, near Wareham, had used the same rope over 
4000 acres of work! Several write that their ropes 
have stood 1300 and others 1800 acres. The rope 
will generally go from three to four years if properly 
cared for, pA much depends upon this. The rope 
should never touch the ground when running, and 
attention should be paid to its being properly coiled on 
the drum. One farmer runs his rope through a mix- 
ture of hot oil and grease before laying it aside for the 
winter, and the practice should be generally followed. 
The best results are had with large tields, and one far- 
mer, by using 2100 yards of rope, cultivates a field 
of 74 acres at one sitting down; another ploughs 
50 acres, while others go over fields of considerable 
extent. The apparatus will work over very rough 
ground, and the steward of Sir Anthony Rothschild 
writes that in working on the steep slopes of the 
Chiltern hills, at Aston Clinton, Tring, the engine is 
sometimes at a level of 150 ft. above the land under 
operation. 

The testimony agrees remarkably as to the diminu 
tion in the number of horses required where steam is 
employed. In one or two cases only one-fifth the 
former number have been sold off; but the general 
reduction appears to be one-third, while, in some few 
cases, one-half the former number have been dispensed 
with, and in nearly all cases the horses have been much 
more lightly worked since the adoption of steam. 

As to simplicity and ease of management, many of 
the farmers write that the steam ploughing and culti- 
vating apparatus is easily mastered by their ordinary 
labourers. This is, as we know, so much the case, 
that most of those who have written to the makers 
treat it as a thing of course. 

When we speak of “farmers,” we are referring in 
many cases to men of wealth and position, and although 
the testimony of hard-headed practical men is generally 
preferred in such matters, the evidence of such gentle- 
men as the Hon. P. J. Locke King, M.P., is particu- 
larly worthy of attention. Writing as a practical man, 
and alluding to the hard pan or “bind” under his 
sandy and gravelly land, and to the necessity for deep 
subsoiling, te observes : 

“This deep subsoiling cannot be done satisfactorily 
with horses, for the deeper the subsoil plough has to 
go, the greater is the number of horses required, the 
trample and tread of which alone almost create another 
bind in the place of the one to be removed. In my 
case this simple but permanent operation with your 
steam cultivator has, I am convinced, added consider- 
ably to the actual value of the freehold, so that the cost, 
whether it be a few shillings more or less per acre, is 
not worth considering. 

“T believe that on most arable lands, even where 
there is no natural dind, the tread of the horses and 
the sole of the plough form in the course of time an 
artificial bind, which becomes as impervious as the 
natural pan. 

“T may, I think, assume that a farmer who occupies 
as little even as 300 acres, the greater part of which 
is arable, can scarcely get on with satisfaction to him’ 
self unless he has a portable steam-engine. It is 
almost indispensable not only for threshing, but for 
cutting straw and hay into chaff, and for cracking and 

rinding his inferior corn for cattle, sheep, and pigs. 
i know he may hire for threshing ; but this is often 
attended with serious inconvenience. He cannot 
obtain the engine at the time he wants it, and, when he 
does, is obliged to thresh out a great deal more than 
he otherwise would, and a great sacrifice of straw is 
the general result, while, for the other purposes I have 
referred to, hiring is out of the question. The scarcity 
of food last winter taught us at all events that we 
could economize to a great extent, and that we had in 





former years wasted enormous quantities of food. We 
then found that straw cut into chaff and mixed with 
pulped mangolds or turnips makes excellent food. I 
can only speak from experience. I tried to do all this 
work with horses, but I utterly failed, and then had 
recourse to steam with great success. 

“Having gone so far, I soon discovered that, with 
an additional outlay of about 200/., I could also culti- 
vate with steam. I accordingly purchased your 
tackle, and have, indeed, every reason to rejoice that 1 

so. 

“Now what I want the farmers to see is, that for 
all ordinary purposes a steam engine is a real neces- 
sity; that if they will only take care to have one some- 
what larger than is required for threshing, they can, 
with an additional pa of 2002. or 250/., cultivate 
also with steam, and that this additional expenditure 
is a mere trifle compared with the advantages obtained. 
To go on plodding with the plough and horses in these 
days reminds one of some prejudiced men of former 
days, who were so sihailiel to things as they were, 
that they would not travel by rail if they could only 
find a stage coach! Steam cultivation will do for 
agriculture what the railroads have done for internal 
communication: throughout the length and breadth of 
the land. I will undertake to say that the advantages 
of steam cultivation are so great, that they only re 
quire to be known-and its use must become general.” 

Considering how complete has been the success of 
steam where it has once been fairly tried, it seems but 
reasonable to helieve that steam cultivation will yet 
increase a hundredfold or more in England, while as 
for India, America, and Australia, its siete have 
not really begun to be realised as they yet will be. We 
recommend all who are interested in this subject to 
read the experience of English farmers now employing 
steam ploughs and cultivators, and this Messrs. 5 2 ohn 
Fowler and Co., of the Steam Plough Works, Leeds, 
and Messrs. Howards, of Bedford, wil be very ready to 
send in a connected form, whenever they are applied to. 








RIVER TYNE IMPROVEMENTS. 


In the course of the years 1859 and 1860, Mr. John 
F. Ure, the engineer to the River Tyne Improvement 
Commissioners, advocated in his reports to the com- 
nissioners an extensive series of dredging operations 
and other works for improving the channel of the Tyne. 
These works, having received Parliamentary sanction in 
the session of 1860-61, have now been for some time in 
progress, and an account of their present state has been 
recently given in a report furnished by Mr. Ure to the 
commissioners. 

From this report it appears that the works originally 
contemplated included the provision of the dredging 
plant required for the entire river operations, the con- 
struction of the workshops at Howden for keeping the 
dredgers and the general works of the commissioners 
in repair, and, generally, the formation of a channel 
about 15 ft. deep (with one or two slight interruptions) 
at low-water spring tides from the sea to Pelaw Main 
Staiths, and from the Friar’s Goose Point to Swirle. 
This channel, it is expected, will be made continuous 
up to Newcastle bridge, about the end of the present 
or early in next year, and the amount already expended 
on the Howden workshops, dredgers, &c., is set down 
as 263,086/7. The scheme also includes the removal of 
the Newcastle town bridge, and its re-erection on the 
same site with two central opening spans. The tem- 
porary bridge at Newcastle is already nearly completed, 
and it and the river walls below Newcastle, which are 
also in an advanced state, have cost 24,7914. 

The river works that have been performed, or are in 
progress, beyond those contained in the estimate ac- 
companying Mr. Ure’s report of October 1860, but 
which Mr. Ure designed the dredging-machinery to 
accomplish, are the deepening of the channel through 
Shields harbour from the sea to the docks to a depth 
of about 24 ft. at low-water spring tides; the site of 
the moorings being made 3 ft. or 4 ft. deeper, instead 
of 15 ft., as described in the reports and plans, and 
provided in the estimates, and the additional deepen- 
ing of the river up to Newcastle, the channel being 
made about 15 ft. deep at low-water spring tides, in- 
stead of 12 ft., as contemplated in the reports, plans, 
and estimates before alluded to. The works remaining 
wholly unexecuted are that portion of Whitehill Point 
on which the Staiths stand, the Bill Quay Point, the 
Copperas Point, the Friar’s Goose Point, the perma- 
nent bridge at Newcastle, and all the works above 
bridge, except opposite the river Derwent—where a 
channel has been dredged to enable keels to pass along 
the river at high water neap tides—and such part of 
the bed of the Case River as has been scoured into 
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the Lower River by the increased action of the cur- 
rents due to the reduction of the low-water level in the 
Lower River, and the greater capacity of its channel, 
which now passes off the freshes and tidal waters more 
rapidly. 

The estimate for the execution of the Tyne improve- 
ment works deposited with the Parliamentary plans in 
1860-61 was 950,500/., this including 98,900/. for land 
and compensation. The quantity of dredging con- 
templated to construct the river channel of the capa- 
city described in the Parliamentary plans between the 
sea and Hedwin Streams was about 25,000,000 tons, 
of which about 15,000,000 tons was below Newcastle- 
bridge, and 10,000,000 tons above it; these quantities 
not including the dredging for the construction of the 
Northumberland Dock, nor for the maintenance of the 
dock and river. The total quantity of dredging performed 
in forming the river channel and the Northumberland 
Dock since the date of the reports and estimates up 
to the beginning of the present year, for both con- 
struction and maintenance, was nearly 14,000,000 tons. 
This quantity, however, includes a considerable amount 
of material that, during the progress of the works, 
has been washed into the river from above low-water 
mark and then dredged, but which, in the estimates, 
was taken as excavation to be performed by hand 
labour. 

The average cost of dredging below Newcastle for 
labour and material, inclusive of all repairs, but exclu- 
sive of depreciation, has been from 34d. to 4d. per 
ton; the cost of dredging this part of the river was 
taken in Mr. Ure’s estimates at 44d. to 5d. per 
ton. It may be mentioned that these estimates were 
framed calculating on the improvements intended to 
be made in the dredging-machinery, the cost of the 
comparatively small quantity of dredging being per- 
formed when Mr. Ure joined the commission in 1859 
having averaged for some years previously about 12d. 
per ton as compared with its present cost of 34d. per 
ton. According to the report of 1860, the dredging 
plant which it was contemplated to provide was to be 
equal to removing the 25,000,000 tons already referred 
to in about twelve or fourteen years, or at the rate of 


about 24 millions of tons per annum. The dredging- | 


machinery actually provided, however, is equal to the 
removal of 44 millions of tons per annum. 

By the Acts of 1850, 1861, and 1865, the Tyne 
Commissioners are authorised to borrow for the execu- 
tion of the Tyne improvement works the sums of 
97,3492. 500,0002., and 150,0002., respectively. The 
total amount authorised to be raised is thus 747,3492., 
and of this sum 490,581, had been actually borrowed 
up to the Ist January of the present year. In addition 
to the above sums for the Tyne Lmprovement, Acts of 
1852, 1859, and 1866 give borrowing powers of 
200,0002., 100,000/., and 300,000/., respectively, for 
yier works on the Tyne, and of these sums 245,920/. 
ol already been actually borrowed. The amount 
expended on the pier works up to the Ist January, 
1866, was 381,870/., and from a careful estimate made 
by Mr. Ure and Mr. Messent of the work yet to be 
done, it appears that a further expenditure of 350,000/, 
will be required, and that the time necessary for the 
completion of the works will be about seven years. 

The work yet to be done to complete the piers includes 
about 650 yards of upper work for the south pier, and 
400 yards for the north pier. The base is in each 
case in advance of the completed work, and the 
lengths to be done may be approximately taken as half 
the above quantities respectively. 


RECENT PATENTS. 

Tue following specifications of completed patents 
are all for the year 1866, and the year should be given 
in ordering them at the annexed prices from the Great 
Seal Patent Office, Chancery-lane. 
(No. 670, 6d.) G. L. Leclanché patents a new 
battery for electrical purposes. At the bottom ofa 
jar he places a plate of copper with a wire attached to 
it, and coming out of the neck of the jar. Upon this 
plate is placed carbonate of copper in powder, and over 
this sand, containing a zine plate with a wire leading 
out of the neck of the jar. The sand and carbonate of 
copper are then to be moistened with water mixed with 
one-fifth its weight of chloro-hydrate of ammonia (sal 
ammoniac), and the whole sealed up. 
(No. 673, 6d.) W. E. Newton, of Chancery-lane, 
yatents, as a communication from J. T. Ames, of 
hicopee, U.S., a mode of forming heavy ordnance so 
that all in rear of the trunnions shall be of steel, and all 
in front of cast iron. 
(No. 680, 10d.) W. R. Lake, of 8, Southampton- 
buildings, Chancery-lane, patents a machine for making 
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(No. 683, 1s. 2d.) John Norman, of Glasgow, 
atents a revolving retort for reburning, and apparatus 
for washing animal charcoal. The retort is of pris- 
moidal form, and its axis is inclined. 

(No. 684, 1s. 6d.) A. V. Newton, of Chancery- 
lane, as the agent of a foreigner, patents a hot-air 
engine in which jets of steam are employed to force in 
the air to be heated. The gain of motive power must, 
we think, be highly problematical. 

(No. 692, 8d.) W. and 8. Machin, of Charlton-hill, 
Salop, patent an apparatus for cleaning the bottoms of 
ships while under way. A sort, of serew propeller is 
to revolve within a broad hoop by the motion of the 
vessel through the water, and the revolution of this 
screw is to work circular brushes agaiust the sides and 
bottom of the ship. 

(No. 693, Sd.) George Randle, of 125, Vauxhall- 
walk, Lambeth, repatents the oft-proposed floating 
buoy to be carried on board ships, and within which, 
when the ship is in distress, are to be placed papers 
and last messages for friends. 

(No. 696, 10d.) A. C. Baldwin, of Boston, U.S., 
patents a most ingenious rotatory steam-engine, which 
could only be understood from drawings. 

(No. 698, 8d.) William Thomson, of Normanton, 
patents steel crossings, which are cast, not to the exact 
required shape, but approximately to it, and are then 
finished by hammering and sawing, slotting and planing, 
the object being to avoid honeycombs in the casting. 
(No. 699, Is.) G. 'T. Boustield, of Loughborough- 
park, Brixton, patents the excellent rolling-tube 
mandril invented by Mr. R. Dudgeon, of New York, 
and recently illustrated in our pages. 

(No. 700, 8d.) Thomas Prideaux, of Sheffield, 
patents a melting-chamber at the back of a puddling- 
turnace, as if that were new. 

(No. 702, 4d.) J. G. Williams, of No. 9, St. 
Stephen’s-crescent, Bayswater, patents a new mode of 
working iron, as follows: Melted iron is to be granu- 
lated in water, and the grains to be then heated along 
with cinders or oxide of iron, the heat being at first 
low and afterwards raised to welding. In the latter 
state the iron is to be worked up. Instead of lining 
furnaces with firebricks, the same patentee proposes to 
employ blocks of fire-resisting stones. The invention 
is altogether old, 

(No. 703, Sd.) George Donisthorpe, of Leeds, 
proposes to guide coal-cutting machines by the roof 
of the heading, as well as by the rails on the floor. 
He retains the rails, but fits the machinery to an air 
piston, having a roller at the upper end of its rod, this 
rolling working along the roof. 

(No. 704, ls.) 8S. F. Schoonmaker, an American, 
patents a dredging-machine with a single scoop, in- 
stead of a chain of buckets. It is much like the 
American steam excavator, which, by the way, has been 
extensively applied to dredging. 

(No. 715, 6d.) V. Duterne, of Paris, patents 
metallic rings for stufling-boxes. Nearly, if not quite, 
the same form of rings has .been often used, a also 
patented and illustrated in this country. 

(No. 721, 8d.) Edward Forster, of Birkenhead, 
patents a feathering paddle-wheel, which, to be clearly 
understood would require a drawing. 

(No. 727, 4d.) A. V. Newton, of Chancery-lane, 
as the agent of an American, patents the melting of 
old cast-iron turnings, along with a proportion of clay, 
to prevent dissipation in the cupola. 

(No. 728, 10d.) A. V. Newton also patents a 
paddle-wheel, in which the floats, instead of being 
parallel with the shaft, are curved to a parabolic form, 
and set in pairs, somewhat like screw-blades, around 
therim. As this wheel would be awkward for back- 
ing, other and much smaller floats, curved in the op- 
posite direction, are placed behind those just described. 

(No. 731, 4d.) C. J. Richardson, of 34, Kensing- 
ton-square, W., patents his porous grate for burning 
petroleum, as described in previous numbers of this 
journal. He patents also the use of steam jets to pro- 
mote the combustion of the petroleum. 

(No. 738, 1s. 6d.) M. P. W. Boulton, of Tew-park, 
Oxfordshire, patents one of his characteristic inven- 
tions—and he is a prolific inventor—as follows :—In 
gas engines, after the gas has been exploded in the 
cylinder, the heat of explosion is to be utilised in the 
generation of steam in an external vessel, the steam to 
be used in an engine. 

(No. 759, 1s. 2d.) John Elder, of Glasgow, patents 
working steam at the full boiler pressure upon the 
low-pressure cylinders of compound marine engines, 
when great power is required for a short time, as in 
ramming. ‘The same patent claims working steam for 
the full stroke in all highly expansive engines, for the 
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es by the late Mr. Weallens, of Neweastle, and the 
ast part could not, we are confident, be maintained at 





aw, 
_ (No. 763, 8d.) J. E. Belleville, of Paris, repatents 
in ae if not in absolute detail, the dished plate 
springs brought out years ago by Mr. W. Bridges 
Adams. Belleville strings his pairs of dished plates 
upon a central bolt, instead of enclosing them in rf 
cylinder. 

(No. 766, 1s.) S. S. Merriam, of Springfield 

U.S., patents a torpedo boat for blowing up ships and 
obstructions. It is to have a cast-iron cellular bottom 

but we see no calculation of displacement. The gene. 
ral action is to be much the same as Captain Wood's 
boat, which we lately illustrated. 

(No. 779, 4d.) TT. G. Ghislin, of Hatton-garden 

patents mixing dried peat with ground sea-weed, pitch, 
asphalte, sulphur, &c., in short, with a very creat 
variety of substances from the animal, vegetable, and 
mineral kingdoms. 

(No. 781, 8d.) F. H. Gossage, of Widnes, patents 

a mode of cleaning pe Reagaee by “gassin” them 
somewhat after the manner of the late Mr. Samuel 
Hall’s (Surface-condenser Hall’s) invention for gassing 
the threads for lace. ‘ 
(No. 787, 10d.) TT. J. Reader, of 17, Cullum-street, 
Fenchurch-street, patents, with much detail of descrip- 
tion, a double-acting force-pump, the novelty of which 
we fail to discover. 
(No. 796, 8d.) F.C. Bakewell, of 6, Haverstock- 
terrace, Hampstead, patents, as a communication from 
an American, a new mode of rolling rods and tubes, 
so that they shall, as is alleged, be rolled perfectly 
circular and straight. The rolls are to revolve in the 
same direction, instead of in opposite directions ; 
and the rod or tube, instead of going through at right 
angles to the axis of the rolls, is to go through 
obliquely. We wonder if the rod would really go 
through at all. 

(No. 798, 1s. 8d.) John Heaton, of Widnes, 
patents a mode of converting iron, as is alleged, into 
steel, by operating upon it while in the melted state 
with nitrate of ree or nitrate of soda. The iron is 
to be churned meanwhile in a revolving churn. 

(No. 799, 10d.) F. Hinton, of Lyme Regis, not 
having learned that safes of circular form have been 
patented, has repatented them. 

(No. 807, 2s.) Beacher and Gillott, of Chapeltown, 
near Sheffield, patent an elaborate machine for getting 
coal, It has a number of cutters like mortising 
chisels, but of graduated length. These are driven 
by compressed air. Each air-piston works a set of 
cutters, and one air-piston is to be brought back by 
the expanded air from the out stroke of its neighbour- 
ing piston. 

(No. 813, 4d.) C. 8. Osborne, of Skinner-street, 
Bishopsgate, E.C., patents a compound for lining 
brasses, and which it is even proposed to employ for 
wheel-tyres and screw-propellers. The proportions are 
1]b. Parkesine, 1 lb. steatite, and $1b. plumbago. A 
little sulphur may be added. 

(No. 814, 2s. 10d.) A. A. Croll, of Coleman-street, 
E.C., patents a system of over-street conduits for gas 
and water mais, telegraph wires, &c. They are to be 
supported upon posts with entablatures, &c., and are 
designed with a good regard for appearance. 

(No. 816, 1s. 6d.) Henry King, of 20, Chester- 
place, Kennington-road, patents a construction of 
coffer-dams. He drives his piles in zigzag rows, in- 
stead of in straight lines, and wae by false description, 
he repeatedly calls “diagonal piles.” He faces the 
piles with sheet lead or zine, and protects the lower 
edge of this by well-punned clay. The piles are well 
bound together by walings, a are connected with 
timbers behind. 

(No. 821, 1s.) William Naylor, of Lorn-terrace, 
Mildmay-park, patents a puddling-furnace, in which 
air is highly heated in chambers surrounding it, and 
then let in'to mix with the unconsumed gases. The 
air is to be forced in by steam jets or by fans, and to 
be checked when the smoke goes off, the whole 
arrangement being designed to prevent smoke. 

(No. 825, 8d.) P. G. B. Westmacott patents a neat 
adaptation of the hydraulic crane, the cylinder being 
placed within the pillar, and taking its water through 
the step below. Multiplying wheels are to be employed 
in the usual manner to get up the lift. 








As early as the year 1848, and even earlier, railway wheels of 
cast iron were “ annealed” by being buried, when at a red heat, 
in brick pits, and then covered with non-conducting material an 
allowed to cool. The cooling occupied three days. A similar 
process is pursued in America, in casting railway wheels wi 
chilled surfaces, the pits being first heated with fires and then 
hermetically closed. 





same purpose, ‘The first part of the patent was antici 
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METROPOLITAN EXTENSION RAILWAY WORKS UNDER PEMBRIDGE-SQUARE. 
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WORKS AT PEMBRIDGE SQUARE. 

Tue Brompton and Notting-hill Extension of the 
Metropolitan Railway, to which line Mr. John Fowler 
and Mr. T. Marr Johnson are the engineers, and the 
works of which are now in progress, will pass in its 
course immediately beneath several fine and lofty 
houses at Pembridge-square. As these houses are 
= new, and have never been inhabited, it has been 

etermined, in order to avoid the expense which would 
be incurred by pulling them down and rebuilding them, 
to underpin those portions of them which will be 
passed under by the railway, and afterwards to proceed 
with the necessary excavations beneath them. 

The arrangement of the supporting girders, which 
are now being put in place, is shown in the plan 
Fig. 1, of the engravings on the preceding page, 
and from this figure it will be seen, the line of 
the railway intersects that of the row of houses very 
obliquely. The manner in which the operation of 
underpinning is being carried out is as follows : Two 
trenches to receive the side walls of the covered way 
were first formed right through beneath the houses, the 
walls of the latter, where they were cut by the trenches, 
being supported by balks 14 in. or 18 in. square, 
these balks being placed across the trenches, one on 
each side of each wall, and the weight of the latter 
being received by transverse balks or “needles” passed 
through it above the main balks, and made to rest 
upon the latter. The ends of the main balks spanning 
the trenches either rested upon the solid ground or 
upon props carried down to it. 

The trenches having been formed, the side walls 
were built, and the wrought-iron girders are now being 
got into their places, four girders having already been 
fixed at the western and seven at the eastern end of 
the works. The whole of the excavations have to be 
made in a clay soil ; and as the level of the rails is at 
this point 20 ft. below the level of the street, and be- 
tween 10 ft. and 11 ft. below the foundations of the 
houses, the greatest care has to be exercised. 

As will be seen by the plan, Fig. 1, the houses will 
eventually be carried by twenty-one wrought-iron 
girders spanning the railway, these girders being ar- 
ranged in groups connected by cross girders, and the 
spaces between the latter, and between the main girders 
where there are no cross girders, being filled in with 
arches of brickwork set in cement. The spandrils of 
the arches will, in most cases, be filled in with concrete 
covered with a layer of asphalte ; but in some parts a 
different arrangement becomes necessary. ‘The arches 
between the girders are being put in as the work pro- 
ceeds, and, as the ground beneath them has not yet 
been excavated, the centreing on which they are turned 
has to be left in its place for the present. 

In Figs. 2, 3, 4, 5, 6, and 7 we give various sections 
of the arches and girders, which show very clearly the 
system of construction adopted. From these sections 
it will be seen that the tops of the main girders will be 
immediately beneath the kitchen flooring of the houses, 
and indeed this flooring will have to be raised about 
15 in. above its present level in order to clear them. The 
joists of the floor will rest upon the cross girders and 
brick arches, as shown in the various sections. The holes 
in the walls through which the girders are being put in 
their places are made as onl as possible, and after 
the girders are fixed the holes are made good. All the 
openings in the walls, such as windows or doorways, 
are also strengthened by frames whilst the underpin- 
ning is going on. 

The main girders vary in span from 25 ft. in the case 
of those which cross the line at right angles to 27 ft. 
in the case of some which cross on the skew With 
the exception of the sixth and twelfth girders from the 
right-hand side of the plan, the main girders are all of 
the single-web form shown in section in Fig. 8, the 
depth between flanges being in some cases 2 ft. and in 
others 2 ft. 3 in. Girders Nos. 6 aud 12 are of the box 
form shown in section in Fig. 9, whilst the cross 
girders, which are 18 in. deep, are formed of a 3 in. 
web-plate with double angle-irons 44 in. by 3 in. by 2 in. 
at top and bottom. ‘The distance apart of the main 
= forming each group varies from 8 ft. to 9 ft. Z in. 
etween centres. Our engravings of the interesting 
works which we have abcve described have been 

repared from drawings kindly placed at our disposal 
by the engineers to the line. 





Tue Woop Brarmwes Patrent.—The cases of Penn v. 
Bibby, and Penn v, Jack, have been re-heard by the Lord Chan- 
cellor, whe has not yet given judgment. The evidence was the 


same as that brought forward on the previous trial, and the 
case therefore presented no novelty beyond the former case so 
fully reported in ENGINEERING of May 4th last. 

Witsnire Inon.—The Wiltshire Iron Company is to be 
wound up, although only in temporary difficulties. 








CORPORATION GASWORKS; PRAGUE. 


Tue town of Prague, in Bohemia, has hitherto been 
supplied with gas by a Belgian company, the working 
of which, although profitable to the shareholders, ap- 
peared to be epenttaeotens to the puny and to 
the public. The price of gas was formerly about 10s. 
per thousand feet, and the quality was inferior to the 
standard of other towns using the same kinds of coal. 
The price at Prague of gas coal, giving from 9000 to 
10,000 cubic feet of gas per ton, and producing coke 
of very good quality, is about 16s. per ton. The 
town council some time since decided, therefore, upon 
the erection of corporation gasworks, which would 
enter into competition with those of the private com- 
pany, and thereby force the latter to make better 
terms and produce a better quality of gas. The cor- 
poration gasworks, which are now nearly completed, 
and which commenced working a short time ago, are 
constructed according to the most recent plans of Ger- 
man gasworks, from the designs of M. Jahn, the 
manager, and who was formerly engineer to the Dres- 
den Gas Company. The clay retorts are arranged in 
groups of seven, in sixteen benches placed in two 
parallel rows, and the gas is stored in two gasholders 
of 200,000 cubic feet each. The pipes of these gas- 
works are carried through all parts of the town; they 
are of Austrian manufacture, and cost no less than 81. 
per ton. The usual method of testing the pipes by 
hydraulic pressure is replaced by a more delicate test 
with compressed air. Each pipe is submerged under 
water, and connected by an air-tight joint to an air-ves- 
sel in which a pressure of about 7 Ib. per square inch 
above the atmosphere is maintained by an air-pump 
and carefully measured by a gauge. The back end of 
the pipe is closed. The air under pressure finds its 
way through any pores in the casting, and rises 
through the water in minute bubbles, with more 
or less speed, according to the degree of porosity of 
the pipe. These air-bubbles are readily discovered, 
and it i been proved by experience that an air test 
with a pressure of 7 lb. per square inch is much more 
delicate and reliable than a test with water pressure of 
75 lb. or more, as many gas-pipes which had been 
tested with the latter were found to be porous and 
rejected under the air test. The coal used at the 
corporation gasworks comes partly from mines situated 
in the neighbourhood of Prague, at Kladno, and partly 
from a greater distance by rail from Pilsen; the latter, 
although slightly more expensive, being preferred on ac- 
count of its producing a purer coke, as it contains less 
mineral and incombustible matter, and gives less ashes 
than the Kladno coal. There is a species of coal found 
at Pilsen, called the Bohemian Boghead coal, which 
is an almost pure hydrocarbon, and produces from 
30,000 to 32,000 cubic feet of gas per ton, and leaves 
very little residue. This is used to a limited extent 
only, as the coke is of greater value, and the process 
more profitable, if the gas is made from the other kinds 
vf coal. The corporation supplies gas at about 8s. 
per 1000 cubie feet at present, and intends to lower 
the price in future to the limits which their manu- 
facture will permit. ‘The gas is also said to be of a 
better quality than that supplied by the private com- 
pany. An ingenious apparatus is in use for measuring 
the specific gravity of the gas. It is the invention of 
M. Jahn, and has found great favour with gas engineers 
in Germany. The apparatus is based upon the prin- 
ciple that the velocities with which different gases 
under a given pressure escape through an orifice are 
inversely proportional to the square roots of their 
densities or specific weights. A miniature gasometer, 
of abuut 6 in. diameter and 8 in. height, is filled with 
the gas to be tested, and the pressure and temperature 
duly registered. From the bottom of this vessel a 
small pipe is carried outside of the vessel, and con- 
nected to a vertical pipe of about } in. diameter, and 
provided with a stop-cock. The upper end of the 
vertical pipe is closed by a thin sheet of platinum, 
which has a very small hole inthe centre. By opening 
the cock after the vessel has been filled with gas, the 
latter is allowed to escape through the narrow orifice 
in the platinum sheet, and the time for the escape of a 
given volume is duly registered. With another quality 
of gas the same experiment is made either at the same 
temperature and pressure or with the respective cor- 
rections given by the well-known formule, and the 
relative specific weights of gases are thereby ascer- 
tained with great rapidity and extreme precision. 
Another alteration of the usual style of scientific in- 
struments connected with gas engineering has been 
introduced by M. Jahn at Prague, viz., hotometers 
with movable elements. The usual mode in photo- 
metric observations is to have one light and the screen 
fixed and only one light movable, or both lights fixed 








and the screen movable, so that the observation always 
takes place under given conditions. M. Jahn has 
found that the eyes of different observers are not 
equally reliable at one fixed distance of the objects, 
but that for every eye there is a certain distance most 
favourable for precise judgment. He therefore makes 
all the objects of the photometer movable upon a 
graduated base, and advises every observer to find by 
experience the distances and grades of illumination 
under which his eye is best capable of distinguishing 
the most minute differences of light and shade. To 
draw conclusions from observations made upon such 
a variable base a certain amount of calculation is re- 
quired, and, in order to facilitate this, Mr. Jahn has 
compiled a series of tables which are about to be pub- 
lished in print, and which will save the trouble of 
calculation, for measurements with variable distances of 
both lights. 








CENTRIFUGAL PUMPS. 


An account appeared, last week, in the Zimes of the 
pumping out of the Minotaur graving-dock, and also 
into that dock and the steam-basin at Portsmouth 
Dockyard, by one of Appold’s large centrifugal pumps, 
made by Messrs. Easton, Amos, Sons and Co. Although 
the work done was manifestly large, we did not repro- 
duce the account, as the indicator diagrams had not 
been worked out, and there was nothing to show what 
amount of power had been exerted. We now, how- 
ever, have the indicated power, and we may give a 
summary of the results of the trial. 

The dise of the pump is 6 ft. 6in. in diameter, and 
it is mounted upon a vertical axis. It is driven, through 
intermediate gearing, by a pair of condensing engines 
having 30in. cylinder and 30in. stroke, the steam 
being cut off at one-fourth. 

The area of the steam-basin is given as seven acres, 
or 304,920 square feet, and the area of the Minotaur 
dock, 419 ft. long and 97 ft. wide, is given as 40,643 
square feet, although this makes no allowance for the 
rounding of the head of the dock. The whole area 
was thus 345,563 square feet, and the water was raised 
113 in., under a mean lift of 10 ft., in half an hour. 
The actual work thus done, irrespective of friction and 
loss of effect in the pump, was 224 horse power. The 
indicator diagrams show 333 horse power, and thus 
the efficiency of the pump was 67 per cent. 

In pumping out the Minotaur dock, with a total 
depth of 27 ft. lin. of water, the water being level 
with the tide outside at the commencement of the 
trial, the pump was driven 2 hours 35 minutes, or 55 
minutes less than the makers had contracted for. The 
water was pumped through a circular 6 ft. culvert 
leading from the head of the dock; and as the floor 
slopes 9 in. towards the caisson, the bottom of the 
dock was cleared by pumping through a pair of 18 in. 
barrel drains leading from the after part of the dock 
to the head. 

It will be noted that centrifugal pumps are now 
being employed on an increasing at and where, a 
very few years ago, only the largest Cornish engines 
would have been employed. The Haerlem lake could 
have been far more quickly, and probably more cheaply, 
drained by centrifugal pumps wom by Harvey’s great 
engines. Messrs. Gwynne and Co. have applied very 
large centrifugal pumps to extensive drainage works, 
and they are now making one with a 5 ft. disc to be 
driven by a pair of engines of 50 horse power. The 
et ene is formed by a pair of very large castings 
weighing 5 tons 4 ewts. 








Espurin AND CLark’s STEERING GeaR.— Messrs. Esplin 
and Clark, of Liverpool, patented, last year, a steering appara- 
tus, in which the tiller is worked by the pressure of water in 
two cylinders, one on either side, and having their piston rods 
connected to the tiller. The pistons of these cylinders are 
acted on, as required, by water forced from another cylinder, 
lying in the direction of the keel of the vessel. This cylinder 
has a piston which is foreed to and fro, as required, by a suit- 
able connexion with the steering wheel, which is to be worked 
by hand in the usual manner. In our notice, we are following 
the patent specification, and we confess to our inability to see 
precisely what is gained by transferring the muscular power of 
men through water, instead of ropes or other means of trans- 
mission. We learn, however, that the invention has heen ap- 
plied to two steamers with much success. A large Liver- 

1 firm of engineers have purchased the patent. Captain 
Anderson, of the Great Eastern, has examined the apparatus, 
and has expressed himself much pleased with it, and we even 
hear it rumoured that it may yet be applied to the Great 
Eastern itself. ’ 

BREECH-LOADING Fretp Guns.—A committee of artillery 
officers, with Sir Richard Dacres as president, have reporte: 
against the continuance of the 1000 or 1200 breech-loading 
Armstrong and Whitworth guns in the service. It has taken 


seven years or more to find out that muazle loaders are best for 
field guns, and as the breech-loaders cannot be converted, 28 


many more new gups must be made. 
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pocK ACCOMMODATION ON THE TYNE. 

We gave last week a brief account of the important 
works at present in progress for improving the navi- 
gation of the Tyne, and we now purpose: to lay before 
our readers some particulars of a scheme for increasing 

the dock accommodation on that river, which is under 
consideration by the River Tyne Improvement Com- 
missioners. ‘The policy of the commissioners has been 
to provide as far as possible sufficient accommodation 
for the exportation of the produce of the Northumber- 
Jand coal-field, and, in view of affording the increased 
facilities for which a demand was likely to arise, they 
obtained, in 1861, an Act authorizing the construction 
of the Tynemouth Dock. The construction of the 
Tynemouth Dock was recommended to the com- 
missioners in a report furnished to them in September, 
1860, by their engineer, Mr. John F. Ure, in the 
course of which it was stated that “care must be taken 
“that such a work is not prematurely constructed,” 
that “the outer piers will prove the only effectual 
“ means to check the range of the sea from advancing 
“too far inwards, and that when these piers are 
“ sufficiently advanced for this purpose, whieh will at 
“the same time afford sufficient protection for all 
“operations connected with a fair working of the 
“entrances, the time will have arrived when, in my 
“judgment, a dock on the Low Lights shore may be 
“carried out, not only without prejudice to, but in 
“connexion with the general interests of the port,” 
and that ‘the construction of such docks could then 
“proceed simultaneously with the piers works, but 
“ until the piers shall be sufficiently advanced I am of 
“ opinion that proceeding with the dock works would 
“be premature.” 

~ At the time the report was made, it was anticipated 
by Mr. Ure that the works would have progressed 
much more rapidly than they have done, and that by 
this time they would be approaching completion. As 
this, however, is not the case, it not being’ probable 
that sufficient shelter will be afforded by the piers 
until several years have elapsed, it has become necessary 
to consider in what way the extended accommodation, 
which the increased trade of the dock demands, can 
best be obtained, and a very able report on the subject 
has been just submitted by Mr. Ure to the com- 
missioners. 

The present Northumberland Dock, exclusive of 
the basin and lock, has an area of 49 acres, of which 
32 acres are now deep water. The depth of water on 
the cills of the lock and basin is, at spring tides 23 ft., 
and at neap tides 20 ft., and vessels drawing up to 
21} ft. or 22 ft. of water can enter or leave the dock 
at the former tides, whilst vessels drawing up to 18} ft. 
or 19 ft. can do so at the latter. In a few cases also 
vessels having a draught of 224 ft. have been enabled 
to leave the dock at spring tides by removing the 
chains by which the lock-gates are opened and closed ; 
but these were exceptional cases, as it would not. do 
to have to remove the chains regularly. In 1859, the 
dock was capable of stowing about 140 vessels, having 
an aggregate tonnage of about 27,500 tons; but now 
that its deep-water area has been considerably in- 
creased by dredging, it is capable of holding from 
210 to 220 vessels, of the total tonnage of 45,000 tons 
register, at one time. Practically, however, this 
number of vessels would cause a block, 180 or 190 
vessels of the aggregate tonnage of 38,000 tons being 
about the greatest number which the dock can accommo- 
date without becoming unworkable. During the last 
and the preceding year this. maximum fulness has 

en frequently ; reached, and during the past seven 
years the shipment of coal in the dock has steadily 
increased to the extent of about 50 per cent. 

From a statement contained in Mr. Ure’s report, 
t appears that, between the years 1858 and 1865, the 
annual amount of river-sale coal shipped has increased 
from 192,484 tons to 246,990 tons, and the total 
aunual amount shipped from 1,350,869 tons to 
2,063,459 tons. The average. size of the vessels in 
Which the coal has been shipped has also increased 
from 190 to 210 tons register in the case of the sailing 
Vessels, and from about 370 to 497 tons register in the 
ee of the steamers. Since the construction of the 
orthumberland Dock, a large sroportion of the ex- 
Ports of coal has been carried _ screw Colliers, the 
Oe ents into these yessels having increased from 
abt tons in 1858 to 233,398 tons in 1865, or nearly 
‘ oa - Screw colliers, could be best accommodated in 

teas ery! connected with the inland railways 
- igs ed, sothat the steamers could receive their 
me 8 of coal immediately upon their arrival, and 
a7) a8 soon as they are loaded. This arrangement 
te not only be a great benefit to the owners of the 

a colliers, as it would enable those vessels to avoid 

tion at the dock-entrances, &c., but it would also 





be beneficial to the proprietors of the sailing vessels, as 
it would leave the latter in almost exclusive possession 
of the dock, and would do away with that preference 
of shipment in favour of the screw colliers of which the 
shipowners complain. 

At the present time the screw colliers occupy but a 
small propewaan of the dock accommodation, on ac- 
count of the short time that each of them stops in it, 
their rapid despatch being due to the special facilities 
afforded them. If, however, the screw colliers were 
accommodated at staiths in the river, and the existing 
staiths in the,dock continued to supply the same quan- 
tities of coal that they now do, or possibly an increased 
supply, a considerable extension of the deep-water area 
of the dock would become necessary to accommodate 
the increased number of sailing vessels which would in 
that case be required to carry on the traffic, and. there 
appears to be only two ways in which this requisite in- 
creased space could be obtained, these being, first, by 
setting back.the staiths and widening the dock ; and, 
second, by extending it. ‘ 

To give the same increased area, having reference 
to the alterations in the staiths, would probably involve 
the same outlay in either case; but the first: plan, be- 
sides causing an interference with the present means 
of shipment, would involve a considerably increased 
depth in the tiers, and consequent difficulty in working 
them, and would not afford those special facilities for a 
general traffic which would be given by an extension 
on the second plan, as is now advocated by Mr. Ure. 

According to Mr. Ure’s plan, it is proposed:to con- 
struct staiths in the river for the accommodation of 
the screw colliers, and to extend the: Northumberland 
Dock by the addition of an import dock of 18 acres 
area. This dock would be rectangular in plan, and 
would communicate with. the existing dock on the 
northern side near the eastern end, the present staiths 
not being interfered with, The new dock would have 
arrangements on its margin for warehouses, wharfage, 
&e., suitable for import purposes, and these would Be 
completely separated from the dust produced by the 
shipments of coal, and, being on a high level, would be 
accessible to vessels by means of hydraulic or other 
cranes. The shipping-places on the river would be 
connected with the coal railways, and the whole’ would 
be placed in communication with the railway system 
of the country by means of the Blyth and Tyne, Crain- 
lington, and North British railways to the north, and 
by the North-Eastern Railway to tlie south. “Mr. 
Ure’s approximate estimate for carrying out ‘the 
scheme is as follows: 
The import dock of 18 acres area, walled all round £200,000 
Five coal shipping-places on the river, being addi- 

tional to those required to be provided in lieu of 

the existing shipping-places at Whitehall Point 10,000 
The lines of railway between New River staiths and 

Blyth and Tyne, Cramlington, and other coal 

railways, and branch connecting with the 

North-Eastern Railway, with ‘the necessary 

sidings -.. esd odd eve ise «+ 425,000 
Wharf adjoining river, say... ves ove ove 15,000 


£250,000 
Contingencies, say ses. Mabe ‘eee 25,000 








«' Total ... ob: we £275,000 
Additional to this probable estimate would be; the 
cost of the land, with the expense of warehouses, 
wharfage, quay space; &c., which would be extended 
only as those portions previously constructed had been 
found to be productively occupied. iy 
Concerning the probability of this outlay proving:re- 
munerative, Mr. Ure says. in ‘his report: ‘ Assuming 
* the coal staiths on the river to be erected in the first 
“instance, they would be capable of shipping’ about 
400,000 to 500,000 tons of coal per annum, and the 
“power of shipment in the dock, may remain un- 
“ diminished, and even be increased, if sufficient stow- 
“ age for the sailing ships be provided. This additional 
“ shipment may be expected to yield an additional 
“ revenue sufficient to meet the’ expense of the land 
“ suggested to be acquired, the interest’ ‘of capital ex- 
“ pended on the railways and shipping lncoe, and 
is so a balance to increase the' surplus ‘fund of ‘the 
“ dock, which would then he nearly equivalent’ to the 
“ construction of the extension dock, irrespective’ of 
“the dues to be derived from import! and. wharfage 
“uses.” Until recently, the trade of ‘the: Tyne eon- 
sisted almost ‘exclusively of an export of coal, the 
return cargoes being generally ballast.:: ‘This state: of 
things was necessitated by the condition of the river; 
but now that the latter is»deepened, vessels deeply 
laden can safely enter the harbour, and an opportunity 
is thus afforded for an extensive import'traflic; and it 
is for the accommodation of such a traffic that a good 
import dock, with commodious warehouse and: other 
accommodation, such as is embraced ‘in’ Mr, Ure’s 
scheme, is most particularly required. 





THE WATERWITCH. 
To THE Epritor or ENGINEERING: 


Srr,—I should not, es probably, have troubled you with any 
farther remarks on the subject of the Waterwitch (in addition to 
my two letters in your numbers of October 26th and November 
2nd), but for certain important differences of opinion amongst the 
parties who have addressed letters to yourself or to your con- 
temporary, The Engineer, as to the probable ens of issue of 
the water discharged from the nozzles of the Waterwitch. 
There are two distinct methods which have been resorted to 
by the above correspondents for the purpose of calculating the 
probable speed of issue, the first (which is the method I have 
used) consisting in, first determining, as nearly as one can, the 
resistance of the vessel, and from it deducing the speed of issue, 
whilst others go throtigh the reverse operation of determining 
the probable speed of issue, and thenée deducing the vessel’s re- 
sistance. The results thus arrived at differ very considerably ; 
Weightof Speed 
Resistance. water of issue 
BPs, pee, "Per sec. 


Thus, in ENGINEERING, Oct. 26, Ib. B . 

my ‘result is, called A i 10,527 14,000 87.5 
Artiele in The, Engineer; set 

Nov. 2, called But. 6. ase) 5,866 © 11,620, 30 
Mr, Airey, in The £ngineer, 

Nov. 9 called C.., 8. i. 5878 11,870 29.61 

In cases B and’ Cy the = of issue is derived from, and 
made equal to, ‘the velocity of the periphery of the turbine wheel, 
whilst my own is abont 6 ft. per second in excess-of ‘such speed. 
The question is, Is it possible that the speed of delivery in such 
an arrangement as that in the Waterwitch could exceed the 
speed of the extreme diameter ‘of the wheel, and, if so, for what 
reason? My.reason'for thinking it can exceed the velocity is as 
follows: 

I am of opinion that every particle of water passing from the 
wheel into the surrounding case enters it with a tangen 
velocity equal to the Velocity of the extreme range of the whee 
and that, in addition to such velocity, the water in the whe 
case possesses a sufficient excess of pressure (due to centrifugal 
force) to accelérate its motion in the gradually diminishing aréa 
of the discharge pipe from its junction, with the wheel case to its 
termination at the discharge oritice, aréas differing nearly in the 

toportion of 3 to 2. When we remember that a pressure, of 
Int of water, or about half a pound on the inch, is sufficient’ to 
give a speed of issue of 8 ft. per second, it does not appear too 
much to suppose that the 6ft. per second above referred to 
might be accomplished. 

t would appear from the foregoing remarks that as in deter- 
mining the resistance of the vessel, on the one hand, or the requi- 
site speed of issue of the water to produce a final reaction equal 
to the resistance on the other hand, if either of these were known 
we could determine the other one, whilst in truth we cannot 
accurately determine either, 1 venture to suggest an experiment 
which could be easily tried, and would, I think, settle the ques- 
tibn of the speed of delivery and quantity of water discharged 
per second, if the officers of her Majesty’s dockyard at Woolwich 
would, in the interests of science, kindly give their aid in carry- 
ing it out. 

The experiment I propose would be to attach the stern of the 
Waterwitch by a hawser or a wire rope to a dynamometer of 
pigl construction, fixed either on the quay wall of the basin or 
onboard the vessel, and then setting the engines and jets to 
work, to notice the strain on the dynamometer, which would at 
once give us the speed and quantity of water delivered. 

Thus, if the water escaped at a speed of 32 ft. per second 
through the apertures of 6 ft. total area, a weight of 5.33 tons 
would pass, giving, R, the reaction equal to.5.88 tons ; and if the 
speed of issue be altered, the reaction will always be as v®. 


Then R.will be 5.33 X v%-322 
ted aos ose eee =R X32?--5.83 
Wintons ... spe =5.38 X v--32 

tons y 

Realised HP ood eee =Rx 3X4. 


The above HP would be that due to the simple discharge of 
the! piven quantity of water .at the given speed; but if the 
delivery aperture is above the water line, of course the power 
must be increased by that due to raising the given weight to the 
height of the centre of the apertures above the water line. 

We should, therefore, by the above means learn what was the 
ratio between the realised and indicated horse power of the 
machinery applied to such a centrifugal pump as that in the 
Waterwitch, but this would be only one step towards informing 
us of the delivery by an equal indicated horse power when the 
vessel was in motion. In that case the same force would deliver 
more water, because the requisite power to raise tle water to the 
height of the column of discharge would be diminished by the 
altitude to which the water would rise within the vessel above 
the water line, and here we must have recourse to some assump- 
tion. 

At the yessel’s speed of 15 ft. per second, the theoretical rise 
would be 8.5 ft., but- 1 have previously assumed* 2 ft. to be all 
we could realise. ‘ If then, in the experiment I have suggested, 
a speed ‘of discharge of 32 ft. per second were achieved, re- 
quiring a head of 16'ft., 2 ft. from that would leave 14 ft., or, in 
other words, #4 = %ths of the engine power would be required to 
send out the same quantity from the vessel in motion, conse- 
quently, as the velocity of the water sent out is as the cube 
root of the power employed, we should have the speed 74 : 32 
>: 8}: 33.4 ft. per second. 

Thus, if we have'in the experiment with the vessel immovable 
a speed of issue of 32 ft. per second, with a strain of 5.53 tons 
were ‘the. result; if the vessel were in motion at 15 ft. per 
second, the of issue would become 33.4 ft. per second, 
with weight of water of 5.57 tons sent out, and resistance of 

88.4—15 x 5.57 
vessel 33 
Trusting that the above suggestions may be of some service, 
I remain, Sir, 


; Your obedient Servant, 
London, November 20, 1866. 


= 3.2 tons, 





Gero. H. Putrrs. 





*Seo Mr, Phipps’s letter in EncrzerinG, Oct. 26th, 
4 


_—= 


I i i 


— 


—_ 








YY 00 0000000002222) 20222 g , Yy 
YUE tj) YE@_ Le eidduditidédédiltiihyy 
——— — WY 
EEE Y 





—3L 


Mr. 








FRimeavct. 


J 


_Z 





If 
eae an ELL LATLELIDLL EI PLOE I LZ" cedccccceccandddedeegees HZ 


Yitz 





QQ AH SN SQV 


SSSA CRAQQY 
FSSQQAAY 


TRS SASS 
Me- DS Sy SS SSN m.. 
| Pre ji | \ \ SS . RAVAN es 





Z 
tp 47, 
Ue 


SR QS RA GRRAQ BING 
WER MS RSS 
RAN RA 

\S 


NAN 
AA 


SNE E MR 
RAMA SAC WS 
\ AN SY LAY 


NS 








i 
gen: 


{ 
y | {i 
MN i \ fe = 1 











So) 
Z 
pe 
3 
ea) 
Z 
o 
Z 
cs 











NSTRUCTED BY MESSRS. JOHN JONES AND SONS, ENGINEERS, LIVERPOOL. 


4 4 4. 
TL tat haa) 


CO. 


* a> 
LS 


X WS 
SAV NNS \ S 








a 
i 
* 

a= 


| 
7 | bas 





in ranitigitit OTT NT inva HHT wi NN 
Sp hy SI} ‘ ~ SS ‘ ~ 
L HATH SAAN ANN . 
EHH ere WRIA Ay Ws 
H WSs SAIN Ss NY 


; MAA \ 
NAINA 


HYDRAULIC HOIST AT THE MERSEY STEEL AND IRON WORKS. 





Nov. 23, 1866. ] 


ENGINEERING. 


385 








HYDRAULIC HOIST AT THE MERSEY STEEL AND IRON WORKS. 


CONSTRUCTED BY MESSRS. JOHN JONES AND SONS, ENGINEERS, LIVERPOOL. 





THE pair of hydraulic hoists, of which we give engravings on 
this and the preceding page, have been erected at the works of 
the Mersey Steel and Iron Company, by Messrs. John Jones and 
Sons, of Liverpool. The lower hoist has a lift of 30 ft., and is 
employed for raising trucks from a siding of the Manchester, 
Sheffield, and Lincolnshire Railway to the level of the south 

d of the works. Access to the bottom of the hoist is gained 

Be tunnel opening towards the north, and the hoist-table, 
which is circular and is 20 ft. in diameter, is turned about a 
sixth round, as it is raised, and the rails on it are thus brought 
east and west. A truck, when lifted by the hoist, can thus be 
either drawn off towards the east, and taken to the south yard 

the works, or drawn off towards the west, and placed on a 
traversing table, by which it can be transferred to the upper 

ist. In the plan of the whole arrangement, given on the 
Present pee the traversing table and the lower and upper hoists 
are marked A, B, and C respectively. The turning round of 
the lower hoist, as it rises, is effected by means of pulleys or 
rollers, carried by transverse girders fixed to the plunger below 
the platform, these pulleys working in spiral cast-iron channels 
recessed into the sides of the hoist-pit, as shown in the engrav- 
Pe The upper hoist has a platform of a rectangular shape, 

rises 20 ft. from the level of the south yard to that of the 
tramway leading to the Bessemer steel works. The platform of the 
Upper hoist rises within a frame formed by six cast-iron columns, 
columns, which are braced by girders at the top, and stiff- 





ened by diagonal ties, being securely fixed at the base to the red 
sandstone, in which all the necessary excavations for the hoists 
and machinery have been made. The platform of the lower 
hoist is supported by a pair of wrought-iron girders fixed to the 
castings at the top of the plunger. 

The water for working the hoists is pumped into the accu- 
mulator by a pair of pumps 3in. in diameter and 2 ft. 6in. 
stroke, these pumps being driven direct by.a pair of horizontal 
engines, having cylinders 14 in. in diameter, with the same 
stroke as the pumps, namely, 2 ft. Gin. The pumps and en- 
gine are shown in the plan, at H and F, respectively. The 
barrels, valves, and valve-seats of the pumps, together with the 
escape valves, are of brass, and the pipes are of cast iton. The 
engines working the pumps are supplied with steam at a pres- 
sure of 50 lb. per square inch by a multitubular boiler, 7 ft. in 
diameter and 10 ft. Gin. long, this boiler having two furnaces 
8 ft. in diameter with return tubes arranged horizontally above 
them. The boiler is fed by a small donkey engine, G, which 
is kept constantly at work, and the feed is thus not affected 
by the variable speed of the main engine. 

The lifts are self-acting in lifting or lowering, and are in 
charge of one engineer assisted by one stoker. -In lifting, they 
are started by the engineer in charge, and rise until they are at 
the desired height, when they act on levers which close the 
starting valves. If they rise 1 in. higher than the proper 
level, they open the escape valves, thus allowing the water to 








overflow, and retaining the lifts at the proper elevation. In 
lowering they are also self-acting, as when they have arrived at 
the proper levels they close the exhaust-valves. Each lift has 
been tested with a load of 20 tons, and each is capable of raising 
400 tons per hour, and lowering the 2 wagons. The 
accumulator is loaded to a pressure of 750 1b. per square inch, 
and this pressure acting on the 12 in. plungers of the lifts is 
capable of raising a net load of 20 tons, or a total‘load, including 
the weight of the hoist platform, plunger, &c., of 35 tons a 
height of 30 ft. in 37 seconds. 

‘The accumulator (Fig. 3) is of novel construction, the plunger 
being fixed at the bottom to the rock, and the cylinder sliding on 
it. The cylinder is surrounded by a watertight casing, filled with 
water, to give the necessary pressure, the advantage of this 
arrangement being that the working pressure can be varied to 
suit the load to be lifted, and the water may be run off, the 
casing and cylinder removed, and a new plunger substituted in 
a few hours.when required, The plunger is 17 in, in diameter, 
and the accumulator rises 33 ft. It is self-acting, and regu- 
lates the speed of the pumping engine by means of the gearing, 
I, connected with the throttle valve. 

The lifts were designed as well as constructed by Messrs. J. 
Jones and Sons, and in them Mr. William Clay’s patent for 
utilising the pressure due to the load on the descending lift has 
been successfully carried out. The lifts may be raised by con- 
necting them either with the accumulator or the pumps, and by 
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closing the suction valve on the water tank, E, and opening 
ano her valve, the water from the cylinder of the descending lift 
is admitted to the suction pipe leading to the pumps. By this 
arrangement the pressure caused by the descending load forces 
the water into the pumps, thus decreasing the strain upon them 
and the engine, and allowing the latter to be worked at a higher 
degree of expansion. 

yay hetadl stated, the excavations for the hoists had 
to be madé in the sndstone. The pit for the lower lift is 
20 ft. in diameter for a depth of 40 ft., and is then carried down 
20 ft. more, with fhe réduced diameter of 6 ft., this lower por- 
tion receiving the hydrgulic cylinder. The hoists were com- 
pleted in July Iast;and'the cost of working them, inclusive of 
the interest on ‘the ¢apital expended, is found to be but 3d. per 
ton raised.  Onr @ngravings of them have been prepared from 
tracings with which we have been kindly furnished by Messrs. 
J. Jones and Sons: 





THE ATLAS STEEL AND IRON WORKS. 

Tr is now abotit eleven years since Mr. John Brown 
took possession of the premises occupied ..by, the 
Atlas Works, at Sheffield, and at that time no more 


than 200 hands were —— in the manufacture of 


railway springs, files, and some other minor branches 
of the trade. The manufacture of railway buffers was 
next added, and soon increased to a prodigious extent. 
The firm next commenced the manufacture of their own 
iron, and was the first in Sheffield to enter into that 
trade; the iron, in bars, having previously been 
obtained from Staffordshire and from Sweden. During 
this time the works were being gradually extended ; 
but when the manufacture of armour plates was com- 
menced, the new buildings, with the ponderous 
hammers, rolling mi!ls, and steam-engines, which came 
into existence as by magic, became the principal 
objects of attraction in the town. The important 
manufacture of armour plates gradually developed 
itself, and the superiority of the metal, when complete, 
insured for the firm the principal part of the contracts 
required by Government. The manufacture of steel 
by the Bessemer process was introduced at these 
works in 1861, and they now possess the largest 
facilities in England for producing that metal: Since 
March, 1864, the business of this firm has been 
sarried on as a limited-liability company, and has ever 
constantly been on the increase, necessitating continual 
additions both to the buildings and machinery. The 
entire works now employ about three thousand hands. 
and they cover an area of thirty-four acres, intersected 
by the Midland Railway, and no visitor can come 
away from an inspection of the various processes of 
manufacture without being struck by the vast magni- 
tude of the whole. 

The facilities for the manufacture of Bessemer iron 
consist of four converters, two of which will hold ten 
tons each of metal; and two, five tons. The building 
in which the two larger converters are contained is 
most perfect in its arrangements, and is all well roofed 
in; at one end of this building, and adjoining the 
engine-room, is an elevated platform, from which a 
view is obtained over the whole space; on the wall also 
is fixed a gauge dial, which shows the pressure at 
which the air is being blown into the converters: on 
the two occasions at which we were present, that 
pressure averaged about sixteen pounds to the square 
inch. ‘The blowing-engines for this purpose are the 
largest on the works; they consist of a pair of 
horizontal cylinders of 250 horse power each. The 
engine employed for working the accumulator for the 
hydraulic cranes consists of a single cylinder 48 in. in 
diameter and six feet stroke, which works two rams of 
5 in. diameter. 

The principle of employing steam power direct upon 
the work is carried out to a considerable extent, at 
the Atlas Works, and they contain now upwards of 
sixty steam engines, varying from 250 horse power 
downwards. Altogether there are upwards of forty 
steam hammers of various weiglits, besides several ten- 
ton helves ; the heaviest steam hammer weighs eighteen 
tons, and is carried on a wrought-iron frame. <A 
large number of these hammers have been made by 
Messrs. Thwaites and Carbutt, of Bradford. Indeed, 
when they have finished an order now on hand, for 
two 10 ton, and four 6 ton hammers, they will have 
completed nearly thirty hammers for the Atlas 
Works, ranging from a 2 ewt. tup for welding buffers 
(and another for stamping the mark of the firm on 
the edges of tyres) up to 18 tons. Nearly all the 
large hammers have wrought-iron standards, and 
one of these was illustrated and described in our first 
volume. The works contain many trains of rolls, 
some of them of great size and power. Additional 
buildings have recently been erected, on purpose 
for the accommodation of new rolling mills for the 
manufacture of rails, and an overhead crane tra- 
verses its entire length. At one part there are ex- 
tensive vaults, covered with iron slabs, into which the 











various rollers are deposited when not employed, s° 
that any different set of rollers may be put up with 
the least possible delay, and, whilst they are all ready 
and handy for immediate use, no inconvenience is 
caused by the space they occupy. Plates can now be 
rolled at these works up to 15 in. in thickness, and of 
a maximum weight of thirty tons in a single plate, 
the extreme superficial measurements of any plate 
being 50 ft. long and 6ft. broad. On three different 
oceasions it has been found necessary to rebuild the 
plate-rolling mills, in order to meet the requirements 
of the English Government. 

The foundry, which is principally employed for the 
manufacture of machinery for the works, is capable of 
turning out single castings up to one hundred tons in 
weight. Near to this is a separate compartment for 
the casting of steel shot; for this purpose crucible 
steel is employed, and after casting, each shot is re- 
duced to its proper dimensions and finished off under 
a steam hammer, appropriate dies being _ attached 
to the block plate and head of the hammer. A large 
order is now in course of execution for steel tyres 
rolled out from the solid. This beautiful process of 
manufacturing weldless steel tyres is one of the 
numerous manipulations of that metal which have fol- 
lowed on the introduction of the Bessemer process, 
and it is by no means the least important. One great 
feature of the present works consists of rolling steel 
tubes for lining cannon: they are rolled hollow, and 
thus greatly increased tenacity is given to the metal. 

About 600 tons of coal are daily used in the different 
operations and manufactures. It is of the greatest 
purity, and is obtained from the South Yorkshire 
collieries, which possess a coal freer from sulphur than 
any others, excepting those at Lowmoor. Small quan- 
tities of Indian iron have at times been obtained, and 
it has proved fully equal to the best Swedish, and, 
coming home as ballast in vessels, it has cost no more 
than Swedish iron. 

The manufacture of railway buffers is still very ex- 
tensively carried on. ‘A large quantity of steel rails is 
being rolled for the Metropolitan Railway and for the 
Great Indian Peninsula Railway; and, at the request 
of the engineer for the latter line, a machine is being 
erected on purpose to test them before delivery. 


Orders have been received also for rails for some of the | 
French lines, and, in consequence of the stringency of | 


their regulations regarding the length of rails, a machine 
for cutting them of the required length, and capable of an 
extreme nicety of adjustment, is under construction. 
The ends of the steel rails being of the toughest metal, 
a great quantity of those eut off at this establishment 
find a ready sale for the manufacture of, helmets and 
breastplates for the French Cuirassiers. In the 
armour-plate manufacture, orders are being executed 
for the English, Russian, Italian, and Spanish Govern- 
ments. For our own Government, plates of 8 in. and 
9 in. thick are being rolled for the Monarch; for the 
Italian Government, plates of 44 in. and 5in., for the 
ironclad La Gueriarra; for the Spanish Government, 
5 in. plates for La Saragossa, and 5}in. plates for 
Prince Alfonso; and for the Russian Government, 
some enormously thick plates are being manufactured 
for fortifications. 

In concluding these remarks on the Atlas Iron 
Works, we ought not to omit some allusion to the 
measures that have been taken for the education and 
moral training of the numerous employés. A large 
room attached to the works, and having a separate 
entrance to the street, has been set aside as a school- 


room, in which the children of the workmen may re- | 


ceive education ; the men belonging to the works have 
also established amongst themselves a Friendly Society, 
which holds its meetings in the same room, besides 
which, it is also occasionally employed of an evening 
for the purpose of “ Penny Readings.” 


LITERATURE. 


The Practice of the Referees’ Courts, in regard to Engineer- 


ing Details and Estimates. By Jonn Sumess W111, 
Esq., of the Middle Temple, Barrister-at-Law. London: 
Stevens and Sons, 26, Bell-yard, Lincoln’s-inn. 


Ir is a point of great importance for engineers, | 


lawyers, parliamentary agents, and others engaged in 
the preparation of private bills for Parliament that 
they should be well informed regarding all decisions 
given in the referees’ courts, not only that they may 
be forewarned, and consequently forearmed, for the 
ordeal through which they will have to pass, but, more 
particularly, that in the drawing up of their bills those 
errors may be avoided which, though only of some 
trivial technical character, have often proved fatal to 


the passing of avaluable bill. The volume now before 
us Is a compendium of the past decisions of the 
referees, and ee evidently been compiled with great 
care and labour; all the more important cases that 
have come before that court for decision being con- 
densed into a comparatively small compass. Before 
the appearance of this work, it was necessary to con. 
sult the votes of the House of Commons, in order to 
obtain the desired information on any previous case, 
a work involving both time and labour; this, is, how- 
ever, now saved, as with the aid of the copious and 
well-arranged table of contents and index, a few 
minutes’ search will prove sufficient. With regard to 
the engineer, this work cannot fail to prove of value to 
him; it will assist him in anticipating and providing 
against the objections of opponents to the engineering 
details and efficiency of the line he may be laying out; 
and it will also, doubtless, enable him, through a fami- 
liarity with the previously decided cases, to have 
clearly before him, especially when under cross-exa- 
mination, all the various component devices by which 
the referees will allow particular engineering objec- 
tions to be got over. 

The work commences with a description of the con- 
stitution and practice of the courts, which is followed 
by chapters on interference with the property and 
| rights of other lines, of canals, private individuals, and 
| private companies, and at junctions, tunnels, gradients, 
| and curves; interference with roads and streets, tidal 

and navigable waters. Three chapters on estimates 
| point out all the various objections to which estimates 
may, under various circumstances, be open, and ex- 
amples are quoted under each objection ; ‘so that, with 
| this work in his possession, no engineer could stand 
excused if he should deposit an objectionable esti- 
mate. The last chapter on this subject, and by no 
means the least important, contains details concerning 
claims to compensation. The referees have decided 
that in all cases where the property of individuals is 
proposed to be acquired or injuriously affected, the 
estimate, if not sufficient to cover claims for compensa- 
tion, is open to objection; the importance, therefore, 
of this subject cannot be denied, and it is of all im- 
portance that engineers should carefully discriminate 
in each case whether or. not claims to compensation 
can be legally substantiated. 

Besides the copious information regarding matters 
relating to railways, there are also given chapters re- 
lating to dock bills, waterworks bills, and gas bills. 
With regard to waterworks, it is stated that “each 
** water-bill which has come before the referees, having 
necessarily been attended by its own peculiar sur- 
rounding circumstances, and the referee’s decision 
having depended entirely upon those circumstances, 

“the cases with which they have to deal cannot be 
“cited. as precedents of universal applicability ;” 
nevertheless, the several examples quoted, although 
perhaps not strictly applicable in other. cases, will be 
of material assistance hereafter, as illustrating the way 
in which the referees have been accustomed to deal 
with particular objections. On the subject of ga 
bills there would appear to have been but little infor- 
mation to impart; “ hitherto,” it is stated, ‘the only 
** bills in reference to which parties have availed them- 
| selves of the provision of Standing Order 94 (by 
“which, if the promoters and opponents of any bill 
“ shall agree to that course, all the questions in issue 
**may be submitted to the referees) have been gas 
“ bills ;’ and even of these there appear to have been 
but two instances. 

After a careful perusal of Mr. Will’s work, we can 
confidently recommend it as a most useful addition to 
the engineer’s library. In submitting it to the public, 
the author acknowledges that “the task of analysing 
“ the reports of the referees to the House, relating, as 
* they do, toso many different subjects, all of them ofa 
“technical nature, has been one by no means unat- 
“ tended with difficulty, while the compilation of a law 
| book, out of materials belonging peculiarly to the 
| department of the railway engineer, involved, at 
|“ least, novelty.” Of this there can be little doubt; 
‘and, although the majority of the cases cited appear to 

have occurred within the last two years, no mcon- 
siderable amount of labour must have been spent im 
their collection, and which we hope wilf be handsomely 
repaid by an extensive demand for, and wide-spread 
appreciation of the publication which has resulted from 
those labours. 





“ 


« 





“ 





Tue Exrroston at Brisrot.—We are glad to find that 
the Board of Trade have sent Mr. Galloway to Bristol to examine 
and report upon the corroded boiler in which a local coroner 8 
jury could find no flaw. We called attention to this case re- 
cently, and the fact that a boiler with a deep groove 3 ft. long, 

fay through its bottom, was held to be sound, has cau:el 
much surprise. 
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LIVERPOOL AND THE MERSEY. 


More than ten years ago the vast question of im- 
roving the river approaches at Liverpool occupied 
the attention of the Dock Board and the corporation; 
and it was then unanimously considered that improved 
approaches were required, both for the purpose of im- 
proving the central dock system and paving the way 
for utilising the docks on the Cheshire shore, and 
because the approaches at that time were admittedly 
inadequate and inconvenient. Since then, the in- 
creased population and vastly augmented trade of the 
ort have caused this deficiency of accommodation to 
e doubly felt at the present time. With a view to 
meet the existing urgent demands, a vast and compre- 
hensive plan has been drawn up by Mr. G. F. Lyster, 
the engineer to the Dock Estate, a model of which is 
now on exhibition to the public at the Liverpool Dock 
Office. This plan has for its object the improvement 
of the approaches to the landing-stages, as well as the 
attainment of the best means for carrying on the 
passenger and carriage traffic of the ferries, without 
unduly interfering with the general working of the 
docks and quays. ae 

With regard to the approaches, the corporation, 
as long back as 1855, sought powers from Parliament 
for widening Bath-street and the Goree ; and although 
jlans for effecting that object have been embodied in 
Mr. Lyster’s general scheme, any consideration of 
that part of the project may be omitted from the 
present notice, as it does not practically affect the 
general principle involved, but may be considered as a 
desirable addendum to the other works, so soon as 
they shall have been carried out. 

Within the district facing the present landing-stages 
six main streets approach, either directly or laterally, 
from the heart of the town towards the river margin, 
and these, together with the bridges from the landing- 
stages—representing the feeders along which the traffic 
of all descriptions must pass—give a total aggregate 
width of 490 ft. With a view to provide for mcreased 
requirements for the future, it is proposed to give the 
new approaches an aggregate width of 535 ft. ; 

The Cadienaien can only be extended in one direc- 
tion, and that towards the north; southwards the 
Pluckington bank would prevent its extension in that 
direction, as, if so elongated, the additional length 
would be so situated that at low-water time it would 
be dry, and, for several hours in every tide, utterly 
useless for its intended purpose. The closing and 
filling up of George’s Basin has long been considered 
by a large section of the public the only sound and sa- 
tisfactory method of dealing with the sppeenchee, and 
its existence in an open condition has been aptly de- 
scribed as “the great obstacle to any satisfactory 
scheme of improved approaches.” The adoption of 
such a scheme, however, though long appreciated by 
the Mersey Board, has nevertheless been a subject of 
grave consideration with them in consequence of the 
radical and costly changes that would be involved, and 
such as would materially affect the interests of the 
Dock Estate in this, its most vital position. By 
filling up the basin, an prey. Bi capacious, and 
central system of approaches to the stages—which, in 
such a case, might be combined in one stage—would 
be obtained from the direction of the most important 
thoroughfares and business centres of the town, and, 
as such, there can be no doubt, on public grounds, 
but that the position is the most convenient that could 
be selected. As regards the dock property, however, 
the arrangement would involve a severence of the 
water connexion of the estate, hitherto so were and 
carefully maintained, as well as destroy what has been 
a necessary feeder to the adjoining dock system, and 
obtained at a large cost for construction. An altera- 
tion of the present dock system in the vicinity of the 
stage has consequently formed a part of the general 
scheme, and by which the entire of the shipping of the 
Prince’s: Dock would have to pass through the new 
Prince’s Half-tide Dock, while that at the George’s 
Dock would have to enter and leave through the Can- 
ning Half-tide Dock. For this purpose the Mann 
Island property would have to be remodelled to suit 
the new condition of things, and to secure for the 
public a free and convenient system of approaches to 
the landing-stages. The plan, at the bottom of the 
next page, shows the docks which would be affected by 
the proposed scheme, remodelled so as to suit the 
altered circumstances which would arise consequently 
on the closing of George’s Basin. ; 

A primary consideration in respect of public con- 
venience is, that any improved system of approaches 
ought to be made continuous with, and lead as nearly as 
possible direct from, the principal thoroughfares which 
now accommodate the river traffic ; also that facile and 
uninterrupted access to the stages should be provided 





for wheeled traffic at all times of the tide, and to the 
last-named condition the Dock Board is pledged by 
special Act of Parliament. The maximum gradient 
admissable under this condition is an incline of 1 in 
20 ft.; and to meet such a gradient the range of tide 
necessitates a moveable roadway of nearly six hundred 
feet in length, capable of sltedijestanans to tidal 
changes; and it is obvious that the most direct and 
simple method of approach to the stage by such a con- 
struction would be by placing it at right angles, or 
nearly so, to the line of the stage. Two distinct 
classes of traffic have to be provided for, viz., that to 
the Prince’s stage for sea-going ships, and goods 
traflic, and that to the George’s stage for the ferries. 
On the proposed plan, the position of the pontoon 
roadway has been selected to meet the requirements of 
each equally, by a direct route down the centre of 
George’s Basin, to a central point, at which it is 
proposed to effect the junction of the stages, a 
condition which cannot be fulfilled by such a roadway 
in any other position. Similarly, to accommodate the 
traffic on the opposite or Cheshire side of the river, 
pontoon roadways will be required at the Woodside 
and Seacombe landing-stages, and one at the former 
place is now rapidly approaching completion. 

The total estimated cost of the approaches on the 
Lancashire side of the river—including the necessary 
alteration to the docks that will be affected by the 
proposed works, and affording additional shed accom- 
aie te boundary walls, relaying dock railways, &c. 
—is 569,016/., of which it is suggested that 143,5727. 
should be contributed by the corporation, and 425,444/. 
by the Mersey Board. 

The class of boats proposed to be employed in con- 
nexion with the improved approaches scheme, and 
which, it is intended, should simultaneously conve 
across the river foot passengers, horses, and wheele 
traffic, forms the most novel feature of the whole pro- 
ject. They are to be circular, carrying horses and 
carts in the centre, encased under a glass roof extend- 
ing across the vessels, and passengers in handsome 
covered galleries arranged all round the hull. In 
order to give the greatest possible facilities of access 
to and from these boats, it is proposed that the land- 
ing stages should be constructed with semicircular 
embayments, into which they would run, thus giving 
the means of ingress and egress along one half 
of their entire circumference, as shown in the 
map plan, and on a larger scale on the next 

age, in the isometrical view of one of the boats. 
ccieed of the present principle of propulsion by 
paddles, it is proposed to adopt, with these new boats, 
the use of chains—moored on each shore and stretch- 
ing across the river—passing over drum-wheels inside 
the boats, as at Portsmouth, guard-chains being laid 
across the river, both above and below their track, to 
preserve the guiding-chains from the anchors of vessels 
drifting across them. One consideration which has led to 
the proposed use of circular ferry-boats is that that form 
will present a less broadside, and consequently less 
resistance, to the action of the tides than any other. 
From the transverse section we have given will be seen 
the general disposition proposed to be given to the 
engines and machinery. The horses, carts, &c., would 
be placed in the centre of the vessel, the small space 
on either side and under the glass roof being intended 
for luggage, merchandise, &c. Situated partially over 
the boilers will be observed the saloons, and outside 
these an open gallery, above which is an upper deck 
extending over the entire vessel on either side of the 
glass roof, over which are thrown step bridges giving 
means of communication between the two upper 
decks. ; ; t 

On Saturday, the 10th inst., the subject of improving 
the Liverpool landing-stage —— was brought 
before the Mersey Docks and Harbour Board by Mr. 
Laird, M.P., when it was resolved, by a majority of 
twelve to nine, to go to Parliament for an amendment 
of the Act of 1860. The board did not, at that 
meeting, pledge themselves to the adoption of any spe- 
cific plan, but there can be little doubt that Mr. 
Lyster’s scheme, or some modification of it, will form 
the basis of the works, for the carrying out of which 
Parliamentary sanction is to be obtained. 

On some future occasion we shall a to be able 
to lay before our readers further particulars regarding 
this important project, when the plans in detail are 
more fully matured than at present, 








Sree. Tyres.—The maker’s name or trade mark can be 
easily stamped by hand in the edges of wrought-iron tyres. But, 
for steel, the impression is not nearly wap enough, and is apt to 
be turned out, or cut away in facing up the tyre. Messrs. John 
Brown and Co. and Messrs. Charles Cammell and Co. now 
employ 2 cwt. steam hammers, made by Messrs, ‘Thwaites and 
Corbutt, of Bradford, for this work. 





THE MAGNETIC ANTI-INCRUSTATOR. 
To THe Eprror or ENGINEERING. 

Sir,—I have put up, to send by Mr. B. R. Keith (who sails 
on Wednesday next, the 7th inst., by the China), a small box o 
hard scale detached from the boilers of the New Bedford Cordag 
Company by a few weeks’ use of the etic anti-incrustator. 

The instrument consists of seven si magnets made of steel 
wire, about ; in. diameter and 34 in, long, tapered to a point at 
one end, and inserted at the other end, radially, into a brass 
centre. This system of radiating magnetic points, spreading out 
in one plane to about 10 in. diameter, is supported Secisentally 
in the steam space a few inches below the rook of the boiler, near 
one end, by a brass stud, from which it is insulated by the in- 
tervention ofa porcelain bushing and vulcanized rubber washers. 

A copper wire, about No. 11, connects the system of magnets 
with the opposite end of the boiler, A current of induced 
electricity is thus conducted from the magnets at one end of the 
boiler to the shell of the boiler at the other end, and by the shell 
itself back to complete the circuit. The result is an action 
similar to that of an electro-plating apparatus with the current 
reversed, so as to dissolve the metal previously deposited by 
galvanic action. 

Of course, the wonder is that any such effect can be produced 
in steam boilers connected by numerous and excellent conductors 
with the earth; but the result is as invariable as it is re- 
markable, 

I have seen a mass of hard deposit from salt water, not less 
than 18 in. long, 12 in. wide, and varying from 2 in, to 4 in. thick, 
loosened and detached by the action of this instrument, so as 
to be freely lifted out, although the form of rivet-heads, laps, 
and flanges ou the side which had adhered to the shell of the 
boiler showed that it could not have been detached by mecha- 
nical means without being broken into many pieces. 

You will observe that one ot the pieces I send you shows first 
a deposit of hard scale, then porous depusit, aud hard scale 
again over that—all as brought off in a mass by the “ anti- 
incrustrator.” 

The boilers of the New Bedford Cordage Company, four in 
number, are 42 in, in diameter, 32{t. lony, with two flues in 
each, 14in, diameter, set side by side, and all connected. When 
I add that they were made and set up by Otis Tufts,* you will 
need no further description. 

The scale 1 send you came out of the two central boilers, in 
which the action seems to be most rapid. A large quantity was 
removed, all similar to that I send you, In the two outer 
boilers, where the action appears to be less rapid, the sediment 
was more porous, and generally in spongy masses of the texture 
of pumice stone, but the boilers are tust becoming clean. I 
have conversed with many persons who have the instruments in 
use, and all concur in statements similar to those | have made 
above, I have seen samples of the scale from many localities ; 
of course, differing widely in composition and appearance, but 
always exhibiting signs of a dissulving action similar to that 
shown by the samples I send you. In some cases a beautiful 
nacreous appearance is produced by the regular removal of the 
outer coats of the scale, exposing the clean, smooth central por- 
tion of the deposit. 

The iron ot the boiler is left perfectly clean, and so maintained. 
The instrument is durable, and requires no expense or care 
atter its application. 

My interest in the matter is that of a simple observer in the 
interest of mechanical science, as 1 was too busy to accept the 
very handsome offers made me by the owners of the invention. 

You are at liberty to make such use as you please of this com- 
munication. Very truly, yours, ke. 

J. C. Hoapiey. 

New Bedford, Massachusetts, U.S.A., Nov. 3, 1866. 


Exports or SteAM Enoinzs.—The speculations in Egypt 
have been followed by a heavy decline in the exports of steam 
eugines from this country. In Austria and Hungary, too, to where 
Messrs. Clayton, Shuttleworth and Co. at one time sent one hun- 
dred and fifty portable engines yearly, the trade is now very slack. 
India and Russia are now taking many engines. The value of 
the steam engines exported from the United Kingdom showed a 
considerable advance in September, the total for that month 
having been 192,9072. as compared with 168,304/. in September, 
1865, and 132,216/. in the corresponding month of 1864. The 
increase observable in September was attributable to the aug- 
mented demand from British India and Russia. The aggregate 
value of the steam engines exported to September 30 this year 
was 1,160,585/. as compared with 1,458,842. to the correspond- 
ing date of 1865, and 1,180,341/. in the first eight months of 
1864, so that, on the whole, the demand for steam engines has 
declined this year as compared with 1865, although it presents 
a slight increase as compared with 1864. The value of the 
steam engines sent to Egypt has largely declined this year, the 
total to September 30 being only 66,2851. as compared with 
302,246/. to the corresponding date of 1865, and 232,003/. in the 
first eight months of i864. The value of the steam engines sent 
to Russia appears to have steadily increased during the last two 
years, the total to September 80 being 147,5711, as compared 
with 108,129/. in the first eight months of 1865, and 89,6741. to 
the corresponding date of 1864. British India is also taking 
more and more steam engiues, the value of the steam motors 
sent to that quarter to September 30 being 293,435/. against 
204,552I. to the corresponding date of 1865, and 182,244/. in the 
first eight months of 1864. 

Tue DupLex HAMMER.—Messrs. Thwaites and Carbutt, of 
Bradford, have completed the 80-ton duplex hammer made 
under Mr. Ramsbottom’s patent, and for his use at the Crewe 
Works. Steam has been on, and in a few days it will be 
regularly at work. It is the second hammer upon the same 
principle at the Crewe works, the first being much lighter. 
Another 10-ton duplex hammer has been made by the same 
makers for Messrs. Charles Cammell and Co.’s works at 
Penistone. 





* Mr. Tufts =e ¥4 many yours Se jeeting a of = 
engines and boilers ew England, if not, indeed, in Ame \. 
The boilers described are externally fired.—Ep. E. 
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DESIGNED BY MR. G. F. LYSTER, ENGINEER TO THE MERSEY DOCK BOARD. 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, Bedford- 
street, Strand, W.C. 


ENGINEERING is registered for transmission abroad, 


D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
Jor this paper. 

Tue InstiTUTION OF Crvi. Encinegers —Tuesday, November 27th 
at 8 p.m. 1. ‘* On the Smelting of Refractory Copper Ores with Wood, 
as Fuel in Australia.” By Joshua Llewellyn Morgan, Assoc. Inst. C.E. 
2. ** Description of the Cofferdams used in the execution of No. 2 con- 
tract of the Thames Embankment.” By Thomas Dawson Ridley, Assoc. 
Inst. C.E. 

CiviL AND MECHANICAL Enorvgeers’ Socrety.— Wednesday, 28th 
inst. Continued discussion on M. Moritz Miiller's paper on “ Rail- 
ways over the Alps.” 
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OUR MATCHWOOD FLEET. 
Every good Englishman should now offer up his 
prayers that the Admiralty may be preserved from an 
amazing folly—supported, as the most fatal folly often 
is, by plausible reasoning—to which the 7imes is now 
lending itself. As soon as Major Palliser’s chilled 
shot had gone through the best of the Shoeburyness 
targets, the Zimes proposed that we should abandon 
armour plates altogether, notwithstanding that the 
proposition amounted to this, that all our unarmoured 
timber ships would be set on fire from stem to stern 
at the first broadside, with shells filled with melted iron, 
while, also, mortars of 3 ft. or 4 ft. bore would at once 
be made to open tunnels through them large enough 
for a railway train, an operation which could be per- 
formed with but a few pounds of powder, and with 
ordnance of very little absolute strength. So mon- 
strous a proposition was too glaring for any defence, 
and it never went beyond the article in which it was 
first advanced. But it is now proposed to form the 
fleet of the future by cutting down and armouring 
the timber three-deckers and two-deckers, and by pro- 
viding them with turrets—in short, by fitting out a 
fleet of nearly sixty Royal Sovereigns. This, of course, 
has been proposed, again and again, ever since the 
triumph of the Monitor in 1862, and especially ever 
since the Royal Sovereign’s conversion, and it is re- 
freshing to be now informed that the idea of a whole- 
sale tinkering of this kind is due to a Mr. Henwood, 
who, so far as this matter is concerned, has but just 
been heard of for the first time. By ascribing this now 
antiquated idea to this gentleman, it acquires the momen- 
tary charm of novelty ; but the trick, for it is nothing 
less, is so transparent that we can do no more than ac- 
cept it as a manufactured excuse for reconsidering a 
question which every one had thought well disposed 
of already. Mr. Henwood proposes, however, light 
raised decks, or hurricane decks, for his converted 
ships, but the details of this part of the scheme are 

exactly those patented by Mr. Robert Napier. 
_ The question is, Shall we have a new fleet, designed 
in the light of present and prospective knowledge, and 
with reference to all that can now be foreseen of the 
conditions of future warfare; or shall we patch and 
tinker our fleet of the past, and endeavour to make it 
serve a little longer? As they now are, our sixty line- 
of-battle ships with two and three decks are absolutely 
useless for fighting purposes. Every one admits this. 
“ But,” it is urged, “it is a pity to throw them away 
“ altogether. Canet something be done with them ?” 
And then we have the well-worn suggestion of four or 
five years ago, that they may be “converted,” Royal 
Sovereign fashion, at a cost of 110,000/. each, at most. 
Supposing, even, this estimate to be sufficient, does 
any one believe it would not be far better to at once 














spend twice as much on as many new ships, or even the 
same total sum upon half the number of new ships ? 
Strength of structure is certainly a most important 
consideration in connexion with our iron-cla 
and does any one sup 
if they are still as goo 


fleet, 
ose that the wooden ships, even 
as new below the water-line, will, 








when cut down and loaded with even so little as 8 in. 
thickness of armour, be really ee fit for any 
service—for ramming, and for all the rough work of 
modern naval warfare? They would have nothing 
like the lateral strength required; they have no com- 
partments, and would very likely break open and sink 
on the first blow from an enemy’s ram. ‘The old 
timber ships cannot, even now, bear the vibration of 
their own screws. What would they be, then, when 
half of their lateral strength in the shape of decks was 
taken from them ? 

Speed is another most important consideration in 
connexion with ships of war ; but very few of the line- 
of-battle of ships were built for s They are for 
the most part nine-knot ships, their deep-draught trial 
speeds at the measured mile ranging from nine tg 
twelve knots an hour, while a few lighter-draught 
ships, like the Duncan, have obtained 13} knots, 
which, is, of course, a very fair rate. They are mostly 
ships of great immersed section, from 55 ft. to 61 ft. 
beam, and drawing from 22 ft. to 26 ft. amidships. 
With these dimensions corresponding to from 900 to 
1250 square feet of immersed midship section, and 
with comparatively short bluff hulls, and only moderate 
indicated power, say, from 2000 to 3000, and in a very 
few cases, with very large ships, 4000 horse power, 
anything like speed is of course out of the question. 
It is useless to say that nine-knot ships would be as 
fast as many of the American monitors. The original 
monitors, with a few exceptions, are already a fleet of 
the past, hurriedly built to fight an enemy which had 
no navy at all, and to operate in harbours and rivers 
against shore defences. The Americans are now 
building fifteen-knot sloops, and all modern naval 
construction is directed to the attainment of speeds of 
from thirteen to fifteen knots in regular service. 

Utterly useless as they now are, we do not deny 
that our line-of-battle ships would possess’a certain 
value were they all converted into Royal Sovereigns. 
But they would then be altogether inferior to what we 
now know we require, and it would be the extreme of 
folly to incur an expense of at least seven and pro- 
bably ten or twelve millions, distributed over a period 
of even five and qoy ten years, to obtain such a 
fleet, a fleet which, by the time it was ready, would be 
perhaps as useless in comparison with those of other 
nations as the line-of-battle ships are at this moment. 
If it be the avowed purpose to fit these vessels for 
harbour defence, none need complain, so long as dry 
rot does not overtake the whole fleet; but for naval 
war on the open sea, and especially on foreign coasts, 
we require iron ships made to carry the heaviest arma- 
ment and armour, and fitted for the highest practic- 
able speed. It will require all our energies to pro- 
vide such a fleet, but, once we possess it, it will im- 
measureably lessen the need of ships of inferior form, 
structure, and speed, for defence at home, and it is 
only for the latter purpose that, at this day, the con- 
version of our old afihewood fleet could for a moment 
be seriously proposed. 








LARGE-BORE. ORDNANCE. 


WE are every day awaiting the announcement of a 
great discovery by some ordnance engineer or maker 
of heavy guns. . ‘he fact that a large-bore gun firing a 
spherical shot, or other shot of short proportionate 
length, sustains far less strain than a smaller bore 
firing a longer shot of the same weight and at the same 
velocity, is too valuable to remain an abstract truth of 
easy demonstration, and hence we expect to hear of 
the Armstrong, or Mackay, or Smith who has jusi 
discovered it after much hard thinking, and put it to 

roof. For every principle, no matter how clearly 
‘ounded in reason, must, if it be new in appearance or 
in application, be fathered upon an individual. As a 
mere truth it is nothing, for half the world will believe 
it an untruth, and the rest will give it no thought at 
all. But let it become even Smith’s truth, and it 
acquires the dignity of a substantial fact of great 
novelty and value. It has been so through all time, 
and to the end of the world mankind will always be 
suspicious of, or else unmoved by, inductive teaching. 
e fire 250 1b. shot from 9in. guns, or nearly 4 lb, 

of iron for each square inch of the cross section of the 
bore. If we fireda spherical shot of the same weight 
froma 124in. gun, we should have but about 23b. of 
iron to be blown out by the gas acting upon each square 
inch of the base of the shot. In other words, the 
initial strain to give the same velocity would be hardly 
more than one-half as much per square inch as now, 
and the powder gases would have also nearly twice as 
much room for their expansion in the If the 
powder gas produced a steady pressure, it would cause 





a strain upon the walls of the proportionate to the 
diameter of the bore; but while, with every bore, we 
soon reach a limit of thickness of metal, beyond which 
no practical increase of strength is gained, this limit is 
removed exactly as the bore is enlarged. In other words, 
while it might beof no useto make the thickness of a9 in. 
greater than 9 in. or 10 in.,a thickness of 18 in. or 
0 in. may be given to an 18 in. gun, and with the same 
working value of the iron under strain. This indeed 
is almost too well known to need repetition. But the 
effect of powder gas is undoubtedly percussive, and the 
bore of the gun is ultimately cracked radially around 
its inner circumference in a manner not referable to 
anything like steady pressure, but to the sudden com- 
ression of the inner surface of the chamber, as by a 
Clow, this compression causing a momentary enlarge- 
ment of the inner diameter, before the outer particles 
have had time to adjust themselves to the strain. It 
is this kind of action which renders it important to 
keep down, as much as possible, the initial force of the 
owder gas, a force which would be borne with less 
injury if it were gradually accumulated. 

But, we are told, round shot cannot be fired with 
accuracy at long range, and they will not penetrate 
heavy armour. , Small round shot, fired from guns 
having considerable windage, and having but little 
weight in proportion to their atmospheric resistance at 
the moment of discharge, cannot of course go far, nor 
with any great accuracy. But windage is no more 
necessary with round than with elongated shot, and in, 
the case of very heavy shot—the weight increasing as 
the cube, while the atmospheric resistance increases as 
the square only of the diameter—long and accurate 
flights may be depended upon. At the same time long- 
range firing is likely to be always rather the exception 
than the rule in sea-fighting, and for short ranges, u 
to even a thousand yards, the capability of firing wit 
extreme accuracy is not of great importance, for the 
shot will be pretty sure to hit the enemy somewhere. 
As for penetrating armour, a round 11} in. shot would 
not force its way where a 9 in, elongated shot, of the 
same weight, and having the same velocity, would go. 
But it is quite practicable to make 15 in. and probably 
18 in. armour, and by having monitor ships with low 
sides to carry only the same weight as at present. with 
6 in. or 8 in. plates. It is now the settled policy of 
the naval constructors of all countries to use the 
thickest armour their ships can carry, and it is already 
evident that the sides of our future - of war are to 
be much lower than the present prevailing heights of 
frigates and corvettes. ia we know that our 9 in. 
and probably our best 134 in. (600 pounder) guns 
can never penetrate 15 in. or 18 in. armour, and 
although we are not yet certain that the smashing 
system will prove effective, we may have nothing else 
left to fall back upon. If so, round chilled shot will 
be equally as effective as long chilled shot of the same 
weight, and the former can be fired with far less strain 
upon the gun. 

But there is a principle which has not received due 
attention, and this is that of what the Americans call 
“sub-calibre” shot, partly worked out by Stafford, and 
since taken up in this country by Mr. Girdlestone. It 
is the very common-sense idea of firing a long shot of 
moderate diameter from a gun of much larger iameter, 
the object being to get up great velocity in a long 
heavy shot with but a moderate pressure of the powder 

as. The principle is beautiful, and, unless it be found 
impossible to reduce it to practice, we must un- 
doubtedly yet adopt it. The shot, it is evident, may 
have light ribs or feathers which shall support it con- 
centrically with the bore of the gun, and these ribs 
may be made of helical form, so as to give the shot 
rotation by its own motion through the air, although it 
might be found that the shot would thus be carried 
out of its course. In this case the shot should be 
formed with a light concentric cylinder around it, and 
of the diameter of the bore, and the concentric space 
between the shot and cylinder might be packed with 
light wood, or even left open, the cylinder being 
attached to the shot by thin webs. The cylinder might 
be made to take any form of rifling. that would 
then remain would be to find by experiment the lightest 
disc or piston which would withstand the force of ex- 
plosion at the back of the shot, and carry it out of the 
gun, the piston then dropping into the sea. We can- 
not believe that there is any real difficulty in all this; 
and if it could be carried out, we might have shot of 
which the solid portion was only 12 in. in diameter and 
4 ft. long fired from guns of no extraordinary strength 
or cost, but of 2ft. or even 3 ft. bore. On striking, 
these shot would strip their light external covering, 
and then effect — what they would if fired from a 
gun with a bore equal only to their own diameter. We 
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might thus fire shot of half a ton or a ton weight at an 
initial velocity of even 2000 ft. per second, and this 
with not nearly so much strain per square inch upon 
our guns as in now firing a 9in. 250lb. shot. Vor 
while, in the latter case, we have 4 1b. of iron to blow 
out for every square inch of the sectional area of the 
bore, we might fire a half-ton shot, 12 in. in diameter, 
from a gun of 36 in. bore, and have but 14 1b. of iron 
to every square inch of base upon which the powder- 
gas acted. So far as reasoning can go, without the 
proof of absolute experiment, we consider this new 
system of gunnery quite practicable, and we only wait 
for its “discovery” and absorption by some ordnance 
engineer with good connections to find it in the full 
tide of suecess. It is a system to which we can lay no 
claim, and we doubt if any others, unless it be Stafford 
and Girdlestone, can lay claim to it; but it is a system 
whereby we may look for the future destruction of the 
most thickly plated ships of war which can be con- 
structed and floated. 


BORSIG’S WORKS, BERLIN. 

Herr Borste’s great locomotive works were founded 
by his father, some thirty years ago. They were 
originally intended, like most of the other mechanical 
engineering shops in Germany, to produce machinery of 
all kinds, but they soon became fully occupied in loco- 
motive construction. Their production increased 
rapidly, and is still growing from year to year. In 1858 
the total number of new locomotives constructed 
reached the figure of 1000, and since that time more 
than an equal number have been completed, and the 
present rate of production is about 150 engines and 
tenders a year. The works at Berlin consist of two 
separated factories, the one within the city being the 
foundry and engineering workshop, while the other, 
at Moabit, a few miles distant, but connected with the 
first by a line of rails, contains the forge, rolling-mills 
for bars, boiler-plates, and tyres, puddling-furnaces, 
and cast-steel works. ‘The two establishments are col- 
lectively capable of producing a locomotive engine, in 
all its parts, complete from the raw material. Pig iron 
and coal also are produced by blast furnaces and coal 
mines belonging to the same wealthy and enterprising 
manufacturer. These are situated in Prussian Silesia, 
near Breslau. They do not cover the whole demand 
of the Berlin works, but they supply the great bulk of 
the raw materials, the rest being supplied from Rhenish 
Prussia and from England. This most particularly 
applies to the iron for steel-making, for which the ores 
of Silesia are not sufficiently pure, and to the coke for 
foundry purposes, which is all imported from England. 
The iron and steel works at Moabit contain twenty- 
eight puddling-furnaces, placed in two parallel rows 
in a vast building of very ingenious construction. The 
whole house is formed as an arched roof springing from 


the ground, and carried by wrought-iron arches of 


nearly semicircular outlines, the horizontal thrust 
being taken up by iron tie-bolts passing beneath the 
floor. ‘This construction is exactly the same in prin- 
ciple as that of the new roof of the new St. Pancras 
station of the Midland Railway, designed by Mr. 
Barlow, and described in Eneitnerrine of January 
5th last. ‘The roof at Moabit was planned by the late 
M. Borsig, and part of it erected under his own diree- 
tion in 1853. ‘The arched ribs, twenty-eight in num- 
ber, have 110 ft. span, and are of about 90 ft. vertical 
height from the floor of the workshop. The ribs pass 
below the floor, and are connected underground by 
iron tie-bolts, 34 in. in diameter. The ribs are about 


50 ft. apart, giving the whole building a length of 


135 ft., with 110 ft. clear width, without any columns, 
pillars, or other obstructions in the interior of the 
covered space. 

In a line parallel with the two rows of puddling fur- 
naces fourteen steam hammers, varying in size from 
10 ewt. to 5 tons, are placed in one row. The hammers 


are served by suitable pillar cranes distributed all over 


the shop, so as to make travé llers unnecessary. The 


steam for these hammers is obtained from boilers 


using the waste heat of the puddling and heating fur- 
naces. For forgings of larger size, a ten-ton hammer, 
constructed by M. Schwarzkopf, in Berlin, has been 


recently added to the plant, and a hydraulic forging 
press of very large size has just been completed for 


forging in moulds and dies, his powerful and 
costly machine is made according to Mr. Haswell’s 
somewhat complicated and expensive arrangement, but 
its power and mode of working are superior to that of 
any forging-machine yet made. The hydraulic cylinder 
of this machine is 42 in. in diameter, and the ram has 
a stroke of about 4ft. The steam cylinder is hori- 
zontal and double acting, and a pump plunger is at- 


“It is a colossal and fine-looking tool. 


tached to each end of the piston rod, and there is @ 
separate steam cylinder for working the slide valve in 
the absence of any rotary motion. The diameter of 
the large steam cylinder is 4ft. 6 in., and the stroke 
10 ft. With a pressure of 1 ton per circular inch, for 
which the cast-iron hydraulic cylinder of this machine 
is intended, the total squeezing power of this machine 
amounts to 1764 tons pressure. The difficulty of placing 
articles upon the anvil, and lifting them off when 
finished, which sometimes occurs with forging-ma- 
chines of this kind, has been removed by making the an- 
vil to draw out on a horizontal bed, the anvil block being 
connected with an iron carriage with four small wheels, 
which can be drawn out and in bya chain. This forg- 
ing press was made at M. Borsig’s own works, as 
were also most of the other large machines at Moabit. 
The anvil and 
foundations are embedded in the ground, and the anvil 
slides are level with the floor. ‘The press cylinder is 
carried by four steel columns each about 6 ft. high 
and Qin. diameter, with 5 ft. clear distance between 
them. The whole machine has a height of about 
15 ft., and occupies, with all its reservoirs, steam 
cylinders, pumps, and other working parts, an area of 
about 500 square feet of ground. The furnaces for 
heating large articles are situated around the large 
hammer, the forging-press, and the ‘rolling-mill for 
plates. The works at Mfoabit can produce boiler plates 
up to 64 ft. wide. ‘These are usually made from pud- 
dled iron, by repeated piling and hammering; but the 
works also Lor om cast-steel plates made from cruci- 
ble steel, manufactured on the spot by a process, the 
details of which are kept strictly secret. The plate 
rolls are driven by a vertical engine of 60 horse power. 
The two slides which carry the plate during the roll- 
ing process on each side of the rolls are connected to 
the piston of a single-acting steam cylinder, placed on 
the top of the cross framing between the two standards. 
By admitting steam under this piston the whole 
frame, with both guide plates, is lifted and carries the 
article over the top roll, after which the steam from 
the cylinder is allowed to escape, and the two guide 
plates fall down and pass the billet between the rolls. 
This very convenient arrangement is not in general 
use, but M. Borsig’s several rolling-mills are all fitted 
with it. Other rolling-mills in these works are for 
making bar iron, T and double T iron, and similar 
work. They are geared together and driven by a ver- 
tical “ Woolf’s” engine, of 150 horse power. The 
steel works produce very fine weldless tyres, which 
are cast as rings and finished entirely by rolling in 
three successive heats. A novelty of some interest at 
these works is a large puddling-furnace, from which 
single blooms of one ton each are produced in the 
regular course of working. Some blooms of this kind, 
and the data relating to their manufacture, are in course 
of preparation for the Paris Exhibition. 

The locomotive works proper, or the engineering 
shop and foundry at Berlin, bear the character of an 
old-established place successively enlarged, and are 





crowded with tools of all descriptions, without a general 
design or uniform arrangement in the whole group of 
buildings and machinery. This, although it has its 
disadvantages, and particularly spoils the beauty of the 
factory, does not materially interfere with its efficiency 
of working. The tools are mostly of M. Borsig’s own 
design and manufacture, but there is also a consider- 
able number of English machines, and a limited quan- 
tity of tools from several machine-makers at Chemnitz. 
Some tools of great ingenuity and of original design 
are working there. A machine for heading bolts, from 
the smallest sizes up to 1} in. diameter, which works 
with great nicety and precision, and is less liable to 
derangement than the many tools of that kind invented 
elsewhere, is worthy of notice. We hope at a future 
time to describe this machine in detail. The division 
of labour is carried as far as possible. With the con- 
stant repetition of similar parts of locomotives, it is 
possible to keep the greater number of men and ma- 
chines to do the same kind of work over and over 
again, with very little or no variation. The workman- 
ship is well known all over Europe for its excellent 
quality; the designs of the locomotive engines are 
most frequently furnished by the railway companies, 
still it is a very natural tendency of M. Borsig’s works 
to bring as much uniformity as possible into the 











details of all the engines produced at that place. The 
only workshop of an imposing appearance is the large 
fitting-shop for locomotives, a building about 500 ft. 
long and 100 ft. wide, containing twenty-eight loco- 
motives side by side in course of erection, and a great 
number of tools and accessories near at hand. The 
total absence of any travelling crane is remarkable in 
this building, the engines being within reach of four- 








teen pillar-cranes placed in a row, each between two 
engines, so as to serve both. The building has 
twenty-eight large doors, one opposite to each engine, 
and a crane is fixed to every alternate pillar. Thig 
fitting-shop, and the greater part of the other build- 
ings, stand below the level of the local railway con- 
necting the different main-line stations of Berlin. A 
powerful hydraulic lift is therefore placed at the en- 
trance-gate of the line of rails which leads to the 
works, and the articles coming in or going out are all 
passed over that machine. The offices and drawing 
departments, which stand in front of the works facin 

the street, are of great beauty in their architectura 
design, and add considerably to the attractions of 
this great establishment. 








LOCOMOTIVE BOILERS. 


On most of our principal lines of railway the ex- 
perience of the last twenty years has shown more or 
less decisively the immunity from “ furrowing” pos- 
sessed by butt-jointed boilers, as compared with those 
having the plates united by lapped joints. We have 
ourselves known numerous instances in which the 
butt-jointed barrels of boilers of the classes built by 
the well-known firms of Sharp, Roberts, and Co. and 
Stothert, Slaughter, and Co., ho the year 1847, have 
been examined after seventeen and eighteen years’ ser- 
vice, and found to be entirely free from the grooving 
so common in lap-jointed boilers, except at the points 
where ‘the rates had been united to the smokebox 
tubeplate by an angle-iron ring, and where conse- 
quently the butt form of joint had been departed 
from. 

The corrosion which, to a greater or less extent, is 
constantly going on in all steam-boilers may be 
divided into two kinds, the first being the general 
corrosion which affects gradually the whole of the 
surface of the plates, and the second being the local 
corrosion which takes place at certain points owing 
to the general corrosion being there intensified by the 
malconstruction of the boiler. Of these two kinds of 
corrosion, the latter is by far the most dangerous, 
whilst it is by it that the life of a boiler is in most 
cases determined ; and in designing a boiler, therefore, 
every care should be taken to avoid those faults of 
construction which are likely to give rise toit. In 
locomotive boilers especially, the high pressure of 
steam carried causes any defect of construction to 
exercise a much more injurious influence than in the 
case of stationary boilers working at a moderate pres- 
sure, and the local corrosion, or “ furrowing,”’ as it is 
called, due to such defects, therefore takes place much 
more rapidly. 

In ordinary locomotive boilers, the places at which 
the “ furrowing” or grooving action is most marked 
are around the interior of the smokebox end of 
the barrel, where the latter is united to the tube- 
plate by an angle-iron ring, and along the edge of the 
inside lap of the longitudinal joints. A similar groov- 
ing also takes place along the edge of the inside laps 
of the transverse joints, and at points where a buckling 
strain is thrown upon the boiler plates by the rigid 
attachment of stays, &c., preventing the free expansion 
and contraction of the boiler; but in these cases the 
furrowing action is not so strongly marked as in those 
previously mentioned. Generally speaking, this fur- 
rowing or grooving of the plates is confined to those 
portions of the boiler which are below the water-line— 
although we have seen instances in which it has ex- 
tended above that level—and it is now usually con- 
sidered to be caused by the chemical action of the 
water, assisted mechanically by the bending action 
which takes place at the points where it occurs, and 
which is due to the parts composing the boiler not 
being arranged in the direct line of strain. As the 
furrowing thus appears to be due to. the combination 
of two causes, it is probable that it might be prevented 
by the removal of either of them; and on the London 
and North-Western line, where the locomotive boilers 
are still made with lap joints, each ring of the barrels 
is formed of a single plate, and the longitudinal joint is 
arranged so that it comes in the steam space, and is 
therefore not subjected to the corrosive action of the 
water. In the case of the transverse joints, however, 
the greater portion of each of them is necessarily sub- 
merged, and to bring the plates more nearly into the 
line of longitudinal strain, and thus avoid the bending 
of these joits, Mr. Ramsbottom makes his boilers of a 
telescopic form, each successive ring of plates being 
put inside the one behind it, so as to diminish the 
diameter of the boiler towards the front end. _ 

Although, however, this form of construction has, 
we believe, been found to do away with the furrowing 
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action to avery great extent, yet it cannot be con- 
sidered so perfect as that in which butt-joints with out- 
side covering-strips are employed. On the Midland 
Railway rivetted seams have been done away with al- 
together for the longitudinal joints of the locomotive 
boilers, these joints being welded up. The longitudinal 
joints of each ring of the barrel of a boiler is welded 
up separately, and the perfect rings thus formed, after 
being blocked in the same manner as a wheel-tyre, in 
order to test the weld, are faced at the ends ina Jathe, 
and united by an outside covering-strip shrunk on and 
double rivetted. The edges of the plates, which meet 
at the transverse joints, are thickened, these thickened 
portions of each plate being united to the main body 
of the plates by a part in which the thickness tapers. 
By this means, not only is the sectional area of the 
plate between the rivet-holes increased, but by reason 
of the increased thickness of the plates at the joint, 
and the addition of the outside covering-ring, the dis- 
tortion of the transverse joints by the longitudinal 
strain is prevented. To still further strengthen the 
boiler, each ring of the barrel has shrunk upon it, at 
the middle of its length, a ring formed of a strip of the 
same width and thickness as the joint-strips. To unite 
the barrel to the smokebox tubeplate, the plate form- 
ing the front ring is flanged outwards, this flanging 
being effected by machinery designed for the purpose 
and the edge of the plate so flanged being thickened i 
the manner already described. In the case of the 
flanged plates, the tapered portion, which unites the 
thickened part with the main body of the plate, causes 
any distortion that may occur to be distributed over a 
considerable length of the plate, and thus prevents that 
sudden bending at any one point which is so produc- 
tive of furrowing. 

The mode of -constructing the boilers at the works 
of the Midland Railway Company at Derby is very 
fully described in a paper, “On the Corrosion of 
Locomotive Boilers and the Means of Prevention,” 
read in May last before the Institution of Mechanical 
Engineers at Birmingham, and of which we gave an 
abstract at page 316 of our last volume. From this 
paper we learn that the new boilers with welded 
fagiietiee joints and double-rivetted butt tranverse 
seams weigh each 1} tons more than the old lap-jointed 
single-rivetted boiler of the same general dimensions, 
the weights of the two boilers being 73 and 6} tons 
respectively. The total cost of the new boiler, for 
labour and material, is 465/., against 415/., which is the 
cost of one of the old class, and for labour alone the 
cost in the case of the new boiler is 65/., against 55/. 
in the case of the old. Nineteen of the welded boilers 
have now been in constant use upon the Midland line 
for upwards of 64 years, during which time the engines 
to which they are fitted have each run upon an average 
about 175,000 miles, and each boiler has had one set 
of tubes worn out. The result of the performance of 
these boilers has been so thoroughly satisfactory that the 
system upon which they were constructed has now 
been supple adopted for the construction of all the 
new boilers put on the line. Altogether there can be 
no doubt but that the system upon which they are 
made, if carefully carried out, enables an exceedingly 
strong boiler to be produced, and that any increased 
expense incurred in construction will be amply repaid 
by increased durability. 








BERLIN. 


Tue German ‘Athens, as the Berliners term their 
beautiful city, and with some degree of justice, may at 
this present moment engage the attention of many 
sagacious and far-seeing engineers who seek for work 
wherever the opportunity for legitimate enterprise 
arises, and whose judgment directs capital and labour 
into the lines and channels which they ought to take 
with advantage. The political changes which have 
recently taken place in Europe have undoubtedly 
raised the Prussian capital to the position of the first 
town in Germany. ‘The inference that the material 
advancement of Berlin will follow its moral ascendency 
is obvious, and the probability exists that speculative 
associations for extensive improvements of the city may 
shortly spring up in England. That there is room for 
improvement there can be no doubt. At present, 
Berlin is far from making the impression of a first-class 
city upon the mind of an engineer. It is situated 
upon a level sandy plain. The river Spree, passing 
through the town, is small, insignificant, unsuitable for 
navigation, and incapable of forming a vein of commerce 
at any future period. The streets are wide, and the limited 
commerce of the town leaves them comparatively empty. 
There are five lines of railway entering the town, and 
connecting it with Hamburg, Stettin, Breslau, Dresden, 








and Cologne. The five railway stations, situated in 


different quarters of the town, are connected’ by a 
* circle railway.” i.e., a single line of rails encircling 
the whole city, and branching off into the different 
railway stations. This line, constructed for locomo- 
tive traffic, is the boldest design of a level crossing 
of streets and railways existing anywhere. The whole 
extent of the line is embedded in the pavement of the 
streets, and crosses all the principal thoroughfares at 
a level. A complicated system of telegraphic and 
optic signals, and a great staff of guards and police- 
men, is required to prevent accidents, and the circle 
line is used exclusively for the transport of goods from 
one station to another. The trains are few, and move 
at a very moderate speed, the engine carrying a bell, 
which is rung as it moves on. ‘The very existence of 
such an arrangement, and still more the fact that it 
works satisfactorily and without’ frequent accidents, 
shows how very limited the traffic of Berlin, both on 
roads and railways, must be. Imagine a railway line 
crossing Cheapside at a level with the pavement! 
The water supply of Berlin is very good. The water- 
works were constructed by Mr. Crampton, and com- 
pleted some years ago with great success. The 
sewers, on the contrary, are in the most miserable 
state—or, rather, there are no sewers. ‘The streets 
have open gutters on each side, into which the rain- 
water from the roofs and the liquid refuse from all 
houses is led in small culverts, crossing the pavement 
and mostly covered over with wooden planks. Parallel 
with these open gutters, a large culvert, made of 
brickwork, oF a semicircular section, about 4ft. in 
diameter, and covered over with plain stone slabs, is 
carried beneath the pavement on each side of the street, 
and takes the shortest possible course towards the 
river. The town, in consequence, is not very healthy, 
and suffered severely from cholera some months ago. 
Great schemes for the sewerage of Berlin have been 
made and discussed by the authorities; the most promi- 
nent and interesting being the elaborate one designed by 
M. Wiebe, and which has been published, with all its de- 
tails, by order of the Minister of Public Works. With 
all that, however, the sewers of Berlin remain yet to 
be constructed. 


The most prominent industry of Berlin is mechani- 
cal engineering. ‘There is no other town on the Con- 
tinent which has so many iron foundries and machine 
works. “ Berlin castings ” are a celebrated manufac- 
ture dating from the last century, and the numerous 
old established foundries, which have in time become 
engineering works, and have given rise to the creation 
of other similar factories, very probably owe their 
origin to this peculiar branch of manufacture. The 
principal customer to the Berlin engineering works 
is Russia. There are at present orders for more than 
one hundred locomotive engines for Russian lines in 
M. Borsig’s hands. At the same time the works of M. 
Schwarzkopf, M. Egels, and others are employed with 
engines, steam hammers, tools, and other machinery 
for this same vast field of commerce. The future of 
Berlin, so far as its geographical position and its pre- 
sent state permits us to conjecture, will scarcely satisfy 
the expectations of those who desire to see it grow to 
the rank of a metropolis of commerce and industry. 
It may become the Washington of Germany, but it 
will never rise to the rank of a German New York or 
Philadelphia. Its situation is equally disadvantageous 
for commerce and for manufactures, Distant from the 
sea and from any navigable river, aside from all the 
main thoroughfares of Kuropean railway traffic, the 
importance of Berlin is based in a great measure upon 
its railway communication with Russia for which it 
forms at this moment the principal entrance-door from 
the west of Europe. Berlin is distant from coal and 
iron mines, has no water power, and the surrounding 
country is scarcely capable of supplying its own in- 
habitants with agricultural produce. ‘The nearest coal- 
fields are those of Prussian Silesia, near Breslau, and 
the price of coal from these mines is so high in Berlin, 
that English coal, and particularly cokes from Eng- 
land, find their market in that town, to which they are 
conveyed by rail from Stettin. The pig iron also 
comes from Silesia, and competes with iron from 
Westphalia and with English iron, which, in spite of 
freight and duty, is the leading article in the market. 
These are not conditions to create a town of first-class 
commercial importance, whatever the political position 
of the place may become; in fact, it is probable that 
Berlin will lose by the future development of Russian 
commerce and railway communication rather than gain 
by it. The present efforts of Russia are to get a rail- 
way connexion between the interior and the southern 
ports of the empire on the Black Sea. This line, once 


opened, will form a new channel of traffic and com- 








merce between Russia and the west, which will not 
pass Berlin; and which will invite competition with 
the machine makers of Prussia by forming a cheaper 
route for English manufactures into the interior of the 
Russian empire. The very engines which are now 
being built in Berlin for the South Russian Railwa 
will, in all probability, carry English machines to Kie 
and Moscow, in competition with the future produc- 
tions of the Berlin works. The more the great net- 
work of European lines is completed and extended 
eastward, the more prominent the important main lines 
of universal commerce are seen upon the map of 
Europe, the more insignificant must the position of 
Berlin appear, both as a commercial and industrial 
town. Berlin improvement companies, therefore, if 
there are any to be called into existence, should form 
moderate ideas of the future growth of that town, of 
its commercial traffic and its industrial requirements ; 
otherwise they will be in danger that their supply 
will exceed the demand, both for the present and 
the future. 








RECLAMATION OF LAND IN 
SWITZERLAND. 


Tue Federal Government, encouraged by the suc- 
cess of one of the most important public works 
in Switzerland, namely, the rectification of the 
course of the Rhone, have resolved upon the execu- 
tion of a project of not less importance, the object or 
which is the draining of 42,848 arpents, or 44,796 
acres of marshland, situated in the neighbourhood ot 
the Lakes of Morat, Neuchatel, and Bienne. This 
project bears the title, in ‘Switzerland, of ‘ Correctior. 
des Eaux du Jura.” 

It was first proposed, in order to reclaim these low 
and marshy plains, to surround them by strong em- 
bankments ; but this plan being considered too costly, 
both for construction and maintenance, was aban- 
doned, and it was preferred to have recourse to the 
lowering of the level of the surface of the lakes in 
order to obtain a necessary fall to carry off the waters 
from these low lands, and enable them to be cultivated. 
Their increased value will in this manner, greatly con- 
tribute to defray the cost of execution and mainten- 
ance of the works. 

A conference of delegates from the following can- 
tons, interested in the rectification of the watercourses 
of the Jura, was held on the 8th of October last : 

Berne, an area of 24,466 arpents* to be reclaimed. 


Soleure ” 8,423 99 ” 
Neuchatel ,, 1,491 ” ” 
Vaud ei 6,574 ” me 
Freybourg ,, 6,490 om a 


The value of these lands will be increased 15,659,551 
francs (626,382. sterling) by these works. The total 
cost is estimated at 8,000,009 of frances (320,000/. 
sterling), and is to be defrayed partly by the Federal 
Government and partly by the five cantons, who will 
contribute to it in proportion as they are to be 
benefited. 

The example set by Switzerland is worthy of imita- 
tion, as there is scarcely a country where there are not 
considerable tracts of marsh lands, the increased value 
of which, when drained, would defray the expenditure 
incurred by the works. 








Axcertan Rattways.—The railways in Algeria con- 
ceded to the Lyons and Mediterranean Railway Com- 
pany are now actively in progress. The principal 
works being constructed at the present time are the 
prolongation of the Algiers and Blidah Railway to the 
valley of the Chetif, the Oran and Relizane Railway by 
Saint Denis-du-Sig, and the line from Philippeville to 
Constantine. On the first two lines there remains but 
little work of any difficulty to be executed, beyond the 
construction of a few bridges and the crossing of some 
marshes. On the Philippeville and Constantine Rail- 
way, which is only 80 kilometres in length, there are 
not less than ten tunnels, the total length amounting 
to 4109 metres, and of which above 2500 metres are 
already constructed. The most important of these are 
the Philippeville tunnel, which is 828 metres in length ; 
the El Kantour, between the valleys of the Salaf and 
Roumel, 1050 metres in length; and two tunnels near 
Constantine, 224 and 827 metres in length respectively. 

Guiascow.—The ona of Glasgow have obtained an 
act authorising them to borrow 1,250,000/. for the purpose of 
levelling a large district in the eastern part of the city, and 
opening nearly forty new streets, besides altering and widening 
a dozen more. <A good deal of complaint is made of the 
condition of the Clyde, which receives the sewage of more than 
half a million residents upon its banks. 





* Arpent=1.043 acres English. 
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M. Jutes’ Moranviere, of the Chemin de Fer du Nord, has 
recently proposed, for working heavy passenger traffic of the 
kind which occurs on our metropolitan lines, an arrangement of 
three-cylinder locomotive, which we illustrate by the accom- 
panying figures. In this engine, M. Morandiere proposes to 
render all the weight available for adhesion, and, in order 
to avoid coupling a number of axles together, he arranges 
the wheels in two groups—two pairs in each group. The wheels 
forming the front group are driven by a - of outside —— 
placed as usual, whilst the axle of the front pair of wheels of 
the hind group is furnished with a central crank, driven by a 
single cylinder placed under the barrel of the boiler, as shown in 
Fig. 1. The wheels forming the hind group are coupled by 
means of outside cranks, the axles having outside bearings, 
whilst in the case of the front group the wheels have crank 
bosses, the bearings of the axles being inside. It is ay oy by 
M. Morandiere to first admit the steam from the boiler into the 
central cylinder, from which it would be exhausted into the pair 
of cylinders, driving the front group of wheels, and there ex- 
panded. The engine is also intended to be fitted with a con- 
densing arrangement in the side tanks similar to that used in 
the engines on the Metropolitan Railway ; and in order to give the 
engine greater power at starting, provision would be made for 
admitting the steam direct from the boiler to all the cylinders 
when required. In the case of the engine apes in our 
engravings, the following proportions have n adopted :— 
Diameter of wheels, 4ft. 8in.; distance between centres of 
wheels forming each group, 5 ft.; distance between centres of 
second and third pairs of wheels, 6 ft. These dimensions give 
a total wheel base of 16 ft,, and M. Morandiere proposes, if 
necessary, to give a certain amount of side play to the leading 
and trailing axles. The barrel of the boiler is 4 ft. 8in. in 
diameter and 13 ft. 6 in. long, and the firebox, which is 7 ft. 
long, is carried over the trailing axle. 






COUNTERWEIGHTING LOCOMOTIVES. 
To Tue Eprror or ENGINEERING. 

Srr,—The following misprints occur in my letter, which a 
peared in your last issue. I used the sign , meaning angle, 
and it has appeared as L. The asterisk in the second column 
should be placed after sin. 6, instead of at the end of the line. 
In the third line below the explanation of symbols, ac appears in 
the place of ae. In the figure, the A on the circumference should 
be p. I remain, Sir, 

Your obedient eines | 





Tne Comine Srsston.—Friday last, was the last day for 
inserting in the London Gazette and newspapers notices rela- 
tive to intended new private Parliamentary schemes. Though 
the exact number of these projects cannot be ascertained with 
certainty at present, there is no doubt that they will amount to 
nearly 400. The three principal Parliamentary agents have 
about 200 bills divided between them, and it is anticipated that 
the various other agents will have about 200 more, the majority 
being what are termed “ Miscellaneous Bills.” The private 
bills of most importance to the public which will come before 
Parliament are—Gas, Water, Drainage, and Improvement Bills. 
As far as regards new railway schemes, nothing of importance 
will be brought forward. The principal railway bills will be for 
abandonment of lines, or portions of lines, for raising additional 
capital, for extension of time, and for amalgamation. The new 
standing order of the House of Lords, with respect to a certain 
sum of money being deposited till a portion of a projected line 
of railway is completed, cannot of course affect in any way the 
above class of railway bills. It may be mentioned that this 
standing order was adopted by the House of Lords without 
being submitted to the House of Commons. It is understood, 
however, that the matter will come before the House of Com- 
mons immediately on the reassembling of Parliament. 



















































SHEAR LEGS FOR KURRACHEE. 


Messrs. James Taytor AnD Co., of Birkenhead, are 
at present constructing a set of thirty-ton iron shear legs, 
for employment on works now in progress at Kurra- 
chee, on the principle of those at Southampton Docks, 
erected by Messrs. Day and Co. These legs are to be 
erected on the quay wall ; they are each formed of iron 
plates rivetted up into tubular iron spars, tapering from 
the centre towards either end. The back legis 100 ft. 
in length, with a maximum external diameter of 2 ft. 
9 in., tapering off to 1 ft. 4in. at the bottom, and to 
1 ft. lin. at top; the other two legs are each 75 ft. 
long, and vary from 2 ft. 6in. in the centre to 1 ft. 
3in. at top and bottom. The back leg traverses 
27 ft. in length, and the overreach from the quay wall 
is 24 ft. The bottom of the back leg is jointed on 
to the top of a huge nut, which works on a screwed 
shaft 32 ft. in length, the length of the screw itself 
being 29 ft. 7in., the diameter 5}in., and the pitch 
ljin. The screw is contained within a cast-iron 
trough, made in two lengths, bolted together, and 
firmly held down to a bed of concrete and masonry : 
this trough also acts as a guide to the screw nut, and 
inside flanges of cast iron are bolted along the top edges 
on either side, to prevent the nut from rising. At 
the end nearer the front legs, the screwed shaft is 
prolonged beyond its bearings at the extremity of the 
iron trough, and on it is fitted a cast-iron cog-wheel 
2 ft. 8 in. in diameter, into which there works a brass 
pinion 7 in. in diameter, fitted on to the end of the 
crank shaft of the engines, which are placed just in 
advance of, and close to, the extremity of the screwed 
shaft. The engines consist of a pair of horizontal 
cylinders, 8 in. in diameter, and with a 12in. stroke. 
The valve gear is fitted with a link motion, and at 
the end of the crank shaft, nearer the quay wall, is 















fitted a friction clutch from which the barrel is 
driven which works the chain for hoisting and lower- 
ing weights. 


COUNTERWEIGHTING LOCOMOTIVES. 
To THE EpiTor oF ENGINEERING. 

Str,—Referring to the letter which appeared in your paper of 
the 9th current month, by Mr. A. W. f akinson, on the above 
subject, I fully concur in the remarks, more especially as regards 
the methods adopted by English engineers. 

I think, however, the matter has been fully and ably discussed 
in a pamphlet published by M. L. Lechatelier, and entitled 
“ Etudes sur la Stabilité des Machines Locomotives en Mouve- 
ment,” in which the writer analyses the various movements in a 
thoroughly scientific manner, going into the subject both 
mechanically and practically. This work, from inquiries I have 
made, has not been translated into English, and, as I think the 
subject of paramount importance to all connected with the 
manufacture or repairing of locomotives, I am at present pre- 
paring a translation of the work, which will be shortly published, 
if arrangements can be made with the author of the original 
work in reference thereto, thereby giving those who have not a 
thorough knowledge of the French an opportunity of studying the 
same in our own vernacular, and have no doubt that the princi- 
ples laid down there will be more generally adopted than at pre- 
sent. 

In the engines I am designing, instead of soe heavy 
counterweight blocks bolted to the rim of wheel, I have so pro- 
portioned the rim that by increasing the thickness on one side 
gradually from the ordinary size it will give a more uniform 
action in the counterbalancing, and diminish, to a great extent, 
those disturbing forces which at the present time are so dangerous 
at high speeds and destructive to the — way. 

we ours, 
. W. RuMBie. 








































5, Westminster-chambers, 
Victoria-street, S.W., Nov. 16th, 1866. 


Paris Exntprrion, 1867.—We are requested to correct ® 
current misapprehension that this Exhibition will open on the 
Ist of May next, and to state that the first of April is the day 
appointed, which arrangement will doubtless be adhered to. A 
complete rehearsal of the opening of the Exhibition is to take 
place on the 31st of March. 
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STEAM PUMPING ENGINE. 


BY JAMES NELSON, EN 


00 
(Maa 
ry 


Tue form of steam-pump, of which we now give illustrations, 
is one manufactured by Mr. James Nelson, of Sunderland, whose 
object in adopting the arrangement shown has been to make a 
cheap and compact donkey-pump applicable for feeding boilers, 
raising water, working bydraulic machinery, &c. The engine 
shown in our engraving on a cylinder 8 in. in diameter and 
8 in. stroke, with a trunk 6 in. in. diameter,-and the whole is 
carried on a bed-plate 5 ft. by 1 ft. The connecting-rod is 2 ft. 
long, and is coupled to a crank from which the pump is also 
driven. 

The pump is single acting, the suction stroke being performed 
whilst the steam is acting on the trunk side of the piston. The 
pump-valves are conveniently arranged by the side of the outer 
end of the pump barrel, and the engines. can be placed either 
vertically or horizontally. The slide-valve face on the cylinder 
is circular, and the exhaust port is also circular, the steam ports 
forming arcs on each side of it. The circular slide valve is 
turned and faced in a lathe, and is driven by a spindle carrying 
a frame, within which an eccentric on the crank-shaft works. 
We are informed that these pumps, which are neatly and com- 
pactly arranged, have been found to answer well in practice. 








Warter-TusE Borters.—Captain Cochrane’s boiler, known 
as the invention of his father, the late Lord Dundonald, is in 
course of trial on board the steam sloop Chanticleer in Woolwich 
Dockyard. The same class of boiler fitted to the iron-paddle 
steamer Oberon has been officially reported upon as follows: 
“The combustion chamber is larger than in the common 
service boiler, admitting of air pipes being brought into it from 
the bilge, whereby more perfect combustion is obtained and 
the smoke is almost entirely consumed. Although the heating 
surface is only 1746.3 square feet, compared with 2031.7 
square feet in the common service boiler, steam is generated 
with a saving of about 30 per cent. of fuel. The fires were 
lighted in this boiler for a period of twenty-eight days, during 
sixteen days of which the fires were banked UP, and during the 
remaining twelve days the boiler was being worked at full power, 
and at the expiration of the time there was no material 
diminution in the power of generating steam. The soot is 
83 per cent. and the ashes 2 per cent. less than in the common 
service boiler, showing more perfect combustion.” 

Tue MipLtanp RaiLway.—Notice has been given of an in- 
tended application to Parliament, to amalgamate the Midland 
with the Glasgow and South-Western Company, thus giving to 
os amalgamated company a continuous line from London to 

gow. 

Tue Fioops.—A lofty viaduct on the Midland Railway, at 

Esholt, between Bradford and Leeds, was partly washed away 
by the late flood. Eight or ten arches fell, and the traffic is of 
Course interrupted. 
_ Tue Cunarp Fiert.—By a Parliamentary paper recently 
issued, we learn that the passage from Liverpool to New York 
by the Cunard mail steamers averages 12 days 11 hours, or an 
average speed of 10.58 knots per hour. The homeward passage 
is usually performed in 11 days 7 hours, at an average speed of 
11.48 knots. In the year 1861 the Persia made seven voyages 
out and eight home at an average speed respectively of 12.15 
and 12.91 knots per hour, thus performing the journey in little 
over ten days each way. ‘The Cunard mail ships between 
Liverpool and Boston attain a less rate of speed, averaging 13 
days, with a speed of 9.77 knots per honr, on the outward, and 
11 days, at the rate of 10.8 knots, on the homeward passages. 
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THE general meeting of the members of this institution was 
held on Thursday, the 15th instant, in the lecture theatre of the 
Midland Institute, Birmingham; Sampson Lloyd, Esq., vice- 
president, in the chair. 

The secretary (Mr. W. P. Marshall), having read the minutes 


this hole, which is more effectual in exhausting the air from 
the water chamber of the instrument, and pets the 
vacuum necessary to raise the supply water, the same 
uantity of steam would * if it issued at a lower velocity 
through the larger orifice of the steam nozzle. The result of 
the several improvements in the injectors since their first in- 
troduction has been a remarkable increase in the delivery of 
water at the same of steam. = ; 

The next paper was a “ Description of a Curvilinear Shaping 
Machine,” by Mr. Francis W. Webb, of Bolton; which has been 
designed by the writer for the of shaping the curved 
inner face of the rim of locomotive wheels between the spokes, 
so as to finish all portions. of the rim to a true circle from the 
centre of the wheel, and leaye the,jnner face of the rim lel 
throughout to the turned outer face on which the - is bedded. 
The wheel to be shaped is fixed on a revolving table on the bed 
of the machine, with the rim immediately under the vertical 
shaping tool; and the tool is carried in the extremity of a bent 
lever working on a centre, coinciding with the centre of the arc 
to which the inner face of the rim is required to be shaped. 
The tail end of the lever has a slot, in which works a crank pin 
fixed in a vertical driving disc; and by the revolution of the 
disc the cutting tool is made to describe the required vertical 
arc, while the rim of the wheel is made to rotate horizontally 
beneath the tool by a ratchet motion. On arriving at the junction 
of the rim with the spoke of the wheel, the rotation of the 
wheel is stopped by disconnecting the ratchet motion; and by 
means of a worm-wheel the tool is turned gradually round by 
hand through a quarter circle, thereby roun ing out the corner 
where the spoke joins the rim. The object of shaping the inner 
face of the rim to a correct curve in this way has been to bring 
the wheels into correct balance, without increasing the cost of 
production; and the working of three of these machines at 
Crewe, during the past twelve months, has shown that a con- 
siderable saving is effected, both in time and w by this 
method of finishiug, as compared with the old plan of chipping 
and filing. 

The last paper was “On an Improved Tool and Holder for 
Turning ray Planing,” by Mr. W. Ford Smith, of Manchester. 
In this tool-holder the cutting edge or tool is separate from the 
holder, and is formed of a piece of round steel, ground to the 
ae: er angle and fixed at the proper inclination in the tool- 

older; instead of the cuttin ge and the shank of the tool 
being forged solid-in a single piece, as in the ordinary tools, 
The round cutter is held by a set-screw in a socket at the ex- 
tremity of the tool-holder, and is equally inclined both to the end 
and the side of the holder, so as to form the proper angle with 
surfaces either at right angles or parallel to the shank of the 
tool-holder. The holder itself is of steel, nearly corresponding in 
size and shape to the shank of the ordinary tools ; ~¥ it is held 
in the slide-rest of a lathe or planing-machine in the same 
manner as an ordinary tool. The cutters, being made simply of 
round steel, “4 cut cold from a = of steel relled to the proper 
diameter, without requiring any forging into shape to prepare 
them for use; and when the cutting edge bapemne blunted i in 
work, the blunt cutter is taken out of the holder and replaced 
by a fresh one, without the holder having to be removed from its 
position in the slide-rest of the machine. The end of the 
cutter is the only surface that requires grinding, for sharpening 
the cutting edge ; and a number of the cutters are ground simul- 





of the previous meeting, a large number of new 8 were 
elected, and the officers of the institution were nominated by the 
meeting for the next annual election. 

‘The first paper read was “On Sellers’s Self-Adjusting Injec- 
tor, and other improvements on Giffard’s Injector,” by Mr. John 
Robinson, of Manchester. In the original Giffard’s injector for 
the supply of water to steam boilers by a combined jet of water 
and steam, the area of the annular opening through which the 
water is supplied to the jet requires frequent adjustment by hand, 
by — depressing the conical water nozzle by means of a 
screwed dle, in order to obtain the maximum delivery of 
water with each particular pressure of steam, when frequent 
variation of pressure occurs ; but the improved injector invented 
by Mr. William Sellers, of Philadelphia, is rendered self-adjust- 
ing in this respect, the water nozzle being constructed with a 
piston at its upper and larger extremity, which works in the ex- 
ternal overflow chamber, and forms the separation between the 
water chamber and the overflow chamber of the injector. By 
this arrangement, whenever the water supply is in excess, the 
superabundance escaping into the overflow chamber below the 
piston raises the piston, and,thereby diminishes the annular water 
orifice; and whenever the quantity of steam in the jet is in- 
creased by the boiler pressure rising, the increased velocity of the 
jet carries with it some of the water from the overflow chamber, 
producing a partial vacuum under the piston, whereby the piston 
1s depressed and the water orifice is en ged to the required ex- 
tent for supplying the exact proportion of water corresponding 
with the increased supply of steam. As there is no open over- 
flow Pipe in this injector, and the overflow chamber is entirel 
closed, the combined jet entering the receiving nozzle that leads 
to the boiler is not impeded in its progress by drawing in any 
air along with it; and no overflow can take place after the in- 
jector is once started. For starting the instrument to work, a 
waste cock is opened just beyond the receiving nozzle, when the 
steam and water are first turned on; and as soon as the com- 
bined jet is established, the cock is closed by hand, and the jet 
then continues to pass into the boiler without intermission, as 
long as the supply of steam is kept up, in consequence of the 
self-adjusting action of the water nozzle, whatever variation 
may take place in the pressure. An arrangement has also been 
contrived at the writer’s works for rendering the injector self- 
acting in starting, so as to avoid the necessity of opening and 
closing the waste cock by hand in starting the instrument to 
work. For this purpose the waste orifice is fitted with a 
small valve fixed on the spindle of the foot-valve that _— 
into the boiler; and as soon as the foot-valve is opened by 
the jet becoming established, it causes the smaller valve to 
close the waste aperture, whereby the escape through the 
waste pipe is stopped. As a simple means of raising the su 
ply water from a tank below the level of the injector, by the 
action of the instrument itself, the conical spindle, by which the 
aperture of the steam nozzle is closed, has been made hollow 
by Mr. Sellers, having a small hole drilled through its centre; 
so that when the steamvalve is slightly opened for starting 
the injector, a small jet of steam issues at a high velocity from 





by the mechanical system of grinding, being held 
against the face of the grindstone in a slide-rest, traversing 
across the face of the stone, and adjusted to the required angle 
for grinding the cutting edge to the proper inclination, as given 
by a gauge coustructed for the purpose. h machine being 
supplied with the number of cutters required for a day's work, 
there is never any necessity fora machine to stand idle while 
the tool is being sharpened; and a large stock of cutters can be 
kept constantly in readiness without involving any serious out- 
lay. The tool-holders are made both right-handed and left- 
handed; and the same simple form is equally applicable without 
any alteration, not we Phe all lathe-surfacing and turning 
operations, but also for plane flat surfaces, and for down-cutting 
and angling in shaping machines. The round shape of the 
cutter has the advantage that the finished surface produced by 
the tool is remarkably smooth, even in taking a very deep cut; 
and the quality of the work is superior to that Las y the 
ordinary triangular pointed tool taking the same depth of cut. 
The result of working with the improved tools and holders has 
been found to be that an important saving is effected in the 
current expenses of an engineering shop, in the cost of the work 
and expense of tools. A number of specimens were exhibited 
of the improved tool-holders and the round cutters, with samples 
of the work produced by them. 

It was announced that the annual meeting of the Institution 
for next year was proposed to be held in Paris, in the early part 
of the summer, on the occasion of the International Exhibftion. 

The meeting then terminated. 








Tue NicaraGuan Roure.—A curious letter appeared in the 
Times this week, stating, in effect, that an American had dis- 
covered a remarkably favourable route between the Atlantic and 
Pacific Oceans, and that he would dis of his secret for a 
consideration. Mr. Evan Hopkins, who originally surveyed the 
line of the Panama Railway, has accordingly written to the 
Times, and we make the following extract from his letter: ‘ The 
new route referred to by the American engineer has been known 
to me since 1847, and was recently inspected in consequence of 
the observations I made on that route some years ago in a dis- 
cussion at the Institution of Civil Engineers. I have received a 
letter from one of the ae engaged in the survey, informing 
me that the result fully confirms my statements with to 
that route. However, as re making a communication be- 
tween the Caribbean Sea and the Pacific by railways, or even by 
an actual oceanic junction, there are no engineering or physical 
difficulties whatever, as I stated in my first report, before the 
Panama Railway was made. It is simply a financial question. 
An absolute strait can be made from the Chagres to the Rio 
—s about ten millions sterling ; but who is to supply the 
money 

_ Norru-Eastern Rai.way.—The contract for the construce 
tion of the York and Doncaster Extension of this com 'y’s 
railway has been let to Mr. Nelson, of Carlisle, at 239,500/. ; and 





the construction of the Church Fenton and Muklefield branch 
to Messrs. Knight and Co., of Manchester, for 49,0002, 
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THE WATERWORKS OF LONDON. 
No. VIII.—Tue Kent Waterworks Comrany. 

Tue Kent Waterworks originated in an enterprise 
to supply the royal manors of Sayers Court and East 
Greenwich with water from the river Ravensbourne, 
which was started as long ago as the year 1699, by 
certain individuals, who obtained a royal charter grant- 
ing exclusive powers for 500 years. Water power 
from the Sheene was employed for pumping, and even- 
tually the works became the property of the well- 
known John Smeaton and of a watchmaker named 
Holmes, when Smeaton erected the machinery of which 
an engraving may be found in his reports, where it 
is described under the name of the Ravensbourne 
engine. 

The Kent Waterworks was one of the many schemes 
with which Mr. R. Dodd was connected, and, in the 
year 1810, a company was formed to purchase the 
Ravensbourne works. This—the Kent Waterworks 
Company—erected a steam pumping engine, which, 
together with Smeaton’s water vied and pump, sup- 
plied water to the towns of Deptford and Greenwich, 
whilst a few years later a duplicate engine was set up, 
and the supply extended to Woolwich. Still later the 
use of filter-beds was introduced, and in 1851 Smea- 
ton’s machinery was taken down, although it was still 
perfect ; and we may mention here that we have been 
informed by Mr. W. R. Morris, the engineer to the 
company, that even now the various parts of Smea- 
ton’s machinery are preserved at the works at Dept- 
ford. About the date just mentioned also, it became 
necessary in order the meet the demands of the in- 
creasing district, to provide increased power for dis- 


tributing the water, and two 70 in. Cornish engines, of 


which we shall give some further particulars presently, 
were consequently erected for this purpose. In 1860, 
a very important change was made in the company’s 
arrangements, as in that year the use of the Ravens- 
bourne was discontinued, and artesian wells sunk in 
the chalk, from which the supply of water has since 
been obtained. 

At the present time the company has six pumping- 
stations, of greater or less extent, these being situated 
at Deptford, Charlton, Plumstead, Dover-road, Short- 
lands, and Crayford, respectively. The Deptford 
Station is the principal one, and at it there are three 
artesian wells, each fitted with an engine and pump, 
besides a pair of Cornish engines for distributing the 
water to the low-level district, and a pair of single- 
acting fly-wheel engines, which are employed in pump- 
ing to the higher levels. 

The principal artesian well is furnished with a Cor- 
nish beam engine, made by Messrs. Harvey and Co., 
having a cylinder 60 in. in diameter, with ‘10 ft. 6 in. 
stroke, and working a lift-pump 30 in. in diameter, and 
of the same stroke as the steam cylinder. This engine 
is fitted with a surface condenser consisting of a num- 
ber of vertical tubes uniting top and bottom chambers 
into which the exhaust steam is admitted. The con- 
denser is so placed that the whole of the water raised 
from the well by the lift pump flows either over or 
around it, of course passing between the tubes, and 
by this means a very good vacuum is obtained. The 
engine is provided with a “ half-house” only, that is to 
say, the cylinder end of the beam only is covered, the 
pump end being out of doors. By this arrangement, 
vhich is common in the mining districts, a considerable 
expense is saved, and it has consequently been adopted 
by Mr. Morris in several instances. The lift-pump 
worked by the engine is situated in the well, at a depth 
of about 90 ft. below the surface, and, generally speak- 
ing, there is about 40 ft. of water over it. The pump 
valves are of the india-rubber zing kind, invented by 
Mr. Morris, and used by him very successfully for 
many years past. We shall, when describing the new 
engine at the Crayford station, give engravings of these 
valves, so that at present we need merely state that 
they consist of a number of flat india-rubber rings 
made to clip around a central perforated casting, the 
shape of this casting greatly resembling that of the 
speed pulleys of a lathe set onend, the smallest pulley 
being uppermost. The size of the holes in the casting 
and the thickness of the rings is regulated according 
to the pressure which the valves have to withstand, 
and each ring is kept from shifting by an iron clip 
passed round it near its lower edge. 

As the pump in the well is submerged, it is neces- 
sary, when the valves or bucket have to be examined, 
to raise the whole of the pump with its connexions 
above the water level, and this lifting operation is 
readily effected in the following manner: The pump- 
rod having been disconnected, and the engine made to 
perform an outdoor stroke, a tackle is attached to the 





yump end of the beam and the top flange of the second 
length of the delivery pipe. The engine is'then caused to 
make an indoor stroke, when the delivery pipe, with 
the whole of the pump, &c., attached to it, is raised to 
the extent of the length of the stroke, or 10 ft. 6 in. 
The pipe having been packed up, and the top length 
removed, the operation is repeated, and so on until the 
requisite amount of lifting has been performed. 

The valve gear of the engine is of the usual Cornish 
kind, except that it is worked without a cataract, Mr. 
Morris in this, as in the case of all the other Cornish 
engines which he has at. work, considering that the 
pump itself is quite capable of regulating the-speed of 
the engine. ‘The engine is supplied with steam by 
three single-flued Cornish boilers, and we are informed 
by Mr. Morris that he finds no inconvenience whatever 
from the use of the distilled feed-water furnished by 
the surface condenser, the impurities contained in the 
small quantities of water which have to be admitted 
from time to time to make up the loss arising from 
leakage, &c., being quite sufficient to prevent the cor- 
rosion which would be apt to take place if the water 
in the boilers was perfectly pure. The oily matters 
carried over by the steam into the condenser, and 
returned with the feed into the boiler, are found to 
unite with the lime contained in the water supplied to 
make up leakage, and to form lumps of hard sapona- 
ceous matter, which float on the surface of the water, 
and are easily collected and removed when the boiler 
is cleaned out. Whilst speaking of the boilers, we 
may describe the system of firing which is adopted at 
the Kent Waterworks, and which is found to answer 
exceeding well, as the smokeless chimneys testify. 
Slack coal is used, and each fire is charged with about 
23 ewt. at once, the charges being alternately supplied 
to each side of the firegrate. The large quantity of 
each charge causes a kind of coking process to take 
place, the gases evolved from the fresh coal being 
mixed with the heated gases from the clear part of the 
fire, and with the air passing through it, and thus 
being effectually consumed. When the charge has 
become thoroughly coked, it is “ broken down” to- 
wards the centre of the fire, and a clear fire being 
thus formed on one side of the grate, a fresh charge 
can be supplied to the other. 

The second artesian well is furnished with a Cornish 
engine, also built by Messrs. Harvey and Co., this 
engine being of me te peculiar arrangement. The 
cylinder, which is 30 in. in diameter, with a stroke of 
7 ft., is inverted, the piston-rod working through the 
lower cover. Instead, however, of the piston-rod being 
coupled direct to the pump-rod, as in a Bull engine, it 
is connected with one end of a beam, to the other end 
of which the pump-rod is attached. The beam has 
equal arms, so that the lift pump, which is 26 in. in 
diameter, has the same stroke as the steam cylinder, 
or 7ft. The fact of the cylinder being inverted has 
rendered it necessary to alter the valve-gear some- 
what from the ordinary Cornish pattern, but the 
modifications could scarcely be elanely explained with- 
out an engraving. As in the case of the engine pre- 
viously described, this engine has its steam cylinder 
and gear housed, but the pump and half the beam is 
out of doors, the beam being situated close to the 
ground level. 

The pump-rod is guided by a somewhat peculiar 
kind of parallel motion, which is arranged as follows : 
The crosshead at the top of the pump-rod (which is 
connected to the end of the beam by a main link in the 
ordinary way) has a bracket formed on it, this bracket 
extending towards the main centre, and its end being 
bent upwards, so that a centre carried by it is ona 
level with the centre line of the beam when the engine 
is at half stroke. From the centre carried by the 
bracket a radius link extends outwards to a centre on 
the beam between the end of the bracket and the outer 
or pape centre, the length of this radius link being 
such that the versed sine of the are which it describes 
round the last-mentioned centre is equal to the versed 
sine of the are described by that centre itself. As the 
pump is slung in the well, and it is somewhat difficult 
to maintain it perfectly upright, its top cover has been 
furnished with a stufling-box, which allows a certain 
amount of side motion of the pump-rod to take place 
without a strain being put upon it. This stuffing-boxcon- 
sists of a short tube containing the usual packing space 
and gland, and connected with the top cover by a short 
tube of india-rubber, the stufling-box being supported 
in a suitable manner, so that the india-rubber tube is 
not strained. The engine which we have just been 
describing is supplied with steam by one single-flued 
Cornish boiler made of steel. 

The third artesian well is fitted with an engine having 
a cylinder 26 in. in diameter and 4 ft. stroke, working 





a lift pump of the same stroke and 24 in. in diameter. 
The quantity of water raised from the three wells by 
the engines which we have mentioned averages about 
5500 ons per minute ; but a much greater quantit 

could be obtained, if required, by increasing the spee 

at which the engines are worked. Although the wells 
are situated within a short distance of each other, each 
is found to furnish a perfectly independent supply, the 
pumping from one not affecting the others, In fact, 
the Deptford pumping-station is most favourably placed 
for obtaining a good supply of water from artesian 
wells, as it is situated just at the point where two yery 
extensive faults in the chalk intersect each other. The 
water raised from the wells does not require any filtra- 
tion, and it is, therefore, deliveredidirect from the lift- 
pumps into the pump wells of the engines which dis- 
tribute it. over the district. . The filter-beds which 
were employed when the water was drawn from the 
Ravensbourne are, consequently, now disused; but 
one of them is made to act as a reservoir to receive 
any excess in the quantity of water raised from the 
wells over that pumped into the mains by the dis- 
tributing engines. If, on the other hand, these latter 
engines distribute more than is raised from the wells, 
the deficit is made up from the store reservoir, the 
collecting pipes below its bed (which remains in the 
same state as when it was a filter) being in communi- 
eation with the pump-wells of the distributing engines. 

The water is distributed from the Deptford pumping- 
station to the lower levels of the district by a pair of 
Cornish beam engines, made by Messrs. Harvey and 
Co. ‘These engines have each a cylinder 70 in. in dia- 
meter, with 10 it. stroke, and they each work a double- 
acting pump of the same stroke, the diameters of the 
pumps being 18 in. and 20}in. respectively. The 
pumps are fitted with Mr. Morris’s -india-rubber ring- 
valves already mentioned, and they deliver the water 
direct into the mains without the intervention of a 
stand-pipe. A very large air-vessel is, however, pro- 
vided, this being 30 ft. high and 6 ft. in diameter, and 
we believe that this air-vessel was the first that was 
employed as a substitute for a stand-pipe at any of the 
metropolitan waterworks. The pressure of water 
against which the pumps work is equal to a head of 
170 ft., and the water is supplied to the lower levels of 
the district, the mains being connected with summit 
reservoirs at Greenwich Park and on Plumstead Com- 
mon. A system of fire mains is connected with the 
former reservoir, for the protection of the Government 
dockyard and victualling-yard at Deptford, and the 
Royal Hospital at Greenwich. 

(To be continued.) 
FILTERING WATER. 
To THe Eprror or ENGINEERING. 

Smr,—The article on filtering water, in the last number of 
ENGINEERING, is incorrect in several particulars. For example, 
the Wakefield filter-beds, spoken of as being in successful 
operation with my magnetic purifying material, were not con- 
structed by Mr. Filliter, but by me. This gentleman probably 
never saw them until long after they were in full operation. 
What I mean to say is that the mechanical or engineering 
details of these beds are from my plans, carried out under the 
immediate supervision of the company’s secretary, Mr. Sykes. 
As they are entirely novel, and have turned out in all respects 
very successfully, Tom not anxious to lose any little professional 
credit that may accrue therefrom. 

I may add that I am applying the same system of filtration 
in several other places, among which is Calcutta, where the 
water of the Hoogley is to be purified for the supply of that city. 

The engineering details of this new mode of mechanical 
filtration are entirely distinct from the purifying process which 
I have applied at Wakefield and several other towns on the 
very largest scale. I may add that the cost of this purifying 
material as given in your article is also incorrect, as well as some 
of the details that relate to its preparation. 

From the Southport water, which you also mention, the 
magnetic carbide removes organic matter, as well as a consider- 
able amount of peroxide of iron which is held in solution in the 
water by carbonic acid. 

You also allude to Dr. Frankland’s experiments on animal 
charcoal. This chemist is somehow deluding himself, as well as 
the public, as to the effects of this substance on water. On see- 
ing his report on the subject, given, along with that of Dr. Farr, 
in the Times, I obtained a sample of the filtered water, which he 
says is so greatly reduced in hardness and its solid contents by 
the process. I also obtained another sample on the same day 
taken from a stand-pipe at the nearest cab-stand, and which is 
supplied with the same company’s water. On subjecting these 
samples to chemical examination, I found that the hardness and 
solid contents of the one did not differ in any degree from the 
other. In the same report, Dr. Frankland also told us that the 
New River Company’s water was eighteen degrees of hardness. 
I tested this water on the same and several subsequent days, 
and found that in no case did its hardness exceed 14}. 

I may add that from my first examination of this company’s 
water in 1846 its hardness has never exceeded 144°. 

I am, Sir, 
Yours respectfully, 
THomas SPENCER, F.C.S., &c., 
Chemical Engineer. 
82, Euston-road, N.W., Nov. 21, 1866. 
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ON THE RATE OF SIGNALLING THROUGH 
SUBMARINE CABLES. 


In the table that you were good enough to insertin your 
impression of November 9, which I calculated for the relative 
capacities for work of various cables, one column was acci- 
dentally omitted, which threw out the whole calculation. The 
value of the ratio of the outside and inside diameters, which I 
took from a published table, I found subsequently to be also 
inaccurate. I have, therefore, recalculated the whole table, and 
have used the common logarithmic system in preference to the 
Napierian logarithm as adopted by Sir W. Thomson. Being 
relative systems, they each lead to the same result. 
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1. The first three columns give the result of observations 
that have been made or published upon the actual rate of trans- 
mission attained, either in practice or by experiment, upon com- 
pleted lines of cables. I have supplied in footnotes some further 
particulars. 

2. The next three columns give the dimensions of the conduc- 
tors and insulating medium, and the sixth column the actual 
ratio of the outside to the inside diameter, upon which so much 
is supposed to hang in the construction of submarine cables. 
The logarithm of this ratio is given in the next column, and fol- 
lowing that Thomson’s formula for the inductive ca city from 
which the specific inductive capacity is omitted, as all the cables 
enumerated have the same material as a dielectric. If a dif- 
ferent material were employed as an insulator—Hooper’s india- 
rubber, for instance—this value would have to be multiplied by 

number expressing its specific inductive capacity, gutta 

taken as unity. 

8. Column 10 gives the specific resistance of the conductor— 





a function which is strangely omitted from all the published 
formulas of the law of transmission. Thomson, Gaugain, and 
Siemens multiply the logarithm of the ratio by the square 
of the diameter of the conductor (d?). Varley introduces the 
weight of copper in pounds per knot; but these do not give the 
specific resistance, which varies so much in different cables. I gave 
it originally in the formula published in my paper on submarine 
cables read at the Institution of Civil Engineers, session 
1860-61. This table shows its value. The capacities of the 
present Atlantic and the Red Sea cables are nearly identical, but 
their relative resistances, and therefore their speeds of working, 
are nearly as 2 to 1. Speed of working is to be obtained more 
by reducing the resistance of the conductor than by any altera- 
tions of the dimensions of the insulating mediums. Mr. Varley 
has shown that to obtain seven words per minute from a cable 
similar to the first Atlantic cable, the gutta percha would have 
to be made 180 ft. in diameter; but by increasing the diameter 
of the copper wire to .5in. only, without altering the gutta 
percha, sixteen words per minute would be obtained. The little 
regard paid to the value of the specific resistance of the conduc- 
tor in all published papers has often surprised me. The value 
to practical men has always been apparent. The close approach 


of the log. 5 , and the great difference of the resistance of the 


conductor in the different cables, is the most striking fact in my 
table. 

4. As the speed of the cables must necessarily depend upon 
their inductive capacity and specific resistance, 1 have in 
column 11 obtained the product of these values; and as this 
speed is in the inverse ratio of this product, in column 12 is 
given its reciprocal. This indeed is the — speed of work- 


Rd 
for cables of the same length, and may be stated thus, “‘ The 
speed of signalling through cables ot the same length varies 
inversely as the product of their inductive capacity and their 
specific resistance.” The inductive capacity (d’) may either be 
the value ‘calculated in column 9, or the actual measurement 
obtained by comparison with a unit condenser. 

5. As the speed of signalling also varies inversely as the 
square of the length of the cable (Thomson’s law), I have 
in column 13 calculated the capacity of work for a unit 
length of 1000 miles, taking as my data the result of work- 
ing on the Malta and Alexandria cable, which were most 
carefully obtained, and can be thoroughly relied upon. The 
truth of the law of the square has been very much questioned, 
and many experiments have been made by different observers 
which appear opposed to its correctness, but the experimental 
proof on the other side is so strong, the mathematical demonstra- 
tion of the theory so clear, and the result of the calculations of 
this table so decided, that I doubt if any practical electrician 
could now be found to hold the opposite view. 

6. The last column gives the observed rate tabulated in 
columns I, 2, and 8 reduced to the same unit of as and 
I think the result can only be taken as a singularly close 
accord between theory and practice. The difference in the first 
Atlantic cable is due to the readings having been taken with 
Thomson’s galvanometer, and in the Varna cable to the com- 
parative inefficiency of the instruments employed at that early 
yeriod. But on the Red Sea, Malta and Alexandria, and 
hetee Gulf lines, where similar instruments—Siemens’s 
polarized relays—are used, the identity of the results is very 
striking, and certainly a proof of the correctness of the law of 
the squares, as well as of the formulas I have given. 

W. H. Preece. 


ing of the different cables. The formula expresses the law 








THE DYNAMICAL THEORY OF 
ELECTRICITY. 
To rue Eprror or ENGINEERING. 

Sm,—The last number of your journal contains an article 
entitled ‘‘ The Dynamic Theory of Electricity,” which I fear is 
somewhat likely to mislead your readers. Perhaps you will 
permit me to point out wherein I think it errs on questions of 
physical science; my only object in doing so being to assist, if 
possible, in the removal of that looseness of scientific knowledge 
which is s0 hurtful at the present day. 

In the first place, I read, ‘all attempts to convert directly 
“ electricity into either of the other imponderables have hitherto 
‘failed. We make use of the term ‘convert’ in the same sense 
“that the motion of a cannon ball on impact is converted into 
‘*heat.” The writer could hardly have meant to make so broad 
a statement as this. When a moving cannon ball encounters the 
resistance of the air or earth, its motion is retarded or destroyed, 
and the body is heated as the result; when likewise an electric 
current encounters the resistance of an imperfect conductor, 
its energy is lessened, and the conducting body grows hot. 
The electric force invested in the conductor has as truly and 
directly been converted into heat as was the motive force in- 
vested in the cannon ball. It is well known that, so long since 
as 1843, Mr. Grove stated that ‘electricity directly produces 
heat” (“Correlation of the Physical Forces,” third edition, p. 
108), and that this is a case of conversion is now not doubted by 
scientific men, Not, however, conversion into one of the other 
‘‘imponderables,” but change into another form of energy. 

The writer, probably seeing this replys then proceeds to 
qualify his statement, and I next read, “It has not yet, how- 
“ ever, been experimentally shown that the production of heat by 
‘the electric current actually impiies loss of current or con- 
“sumption of force, in other words, direct conversion of electri- 
‘city into heat.” A very short contact with nature would have 
been sufficient to show the writer the error into which he has 
fallen. Let the energy of an electric current passing through a 
good conductor be measured in the usual way, either by the 
amount of water it will decompose in a given time or by the 
deflection of a magnetic needle; for the perfect substitute an 
imperfect conductor. The amount of electricity passing through 
the circuit will now be less, the missing quantity having been 
converted into heat; for in the former case the conductor re- 
mains cold, while in the latter it is heated. By simultaneously 
measuring this heat and the strength of the current, Joule 
— at the law stated in your article, and to which I refer 

elow. 





But, more than this, the heat found in the resisting wire is 
complementary to the heat generated by the resistance in the 
battery; that is tosay, the sum total of the heat developed in the 
battery and in the conductor which unites its poles is a constant 
quantity. The important researches of Favre have established this 

int. These experiments will be found described in the Comptes 

endus, vol. 55, page 56, and Ann.de Chem. et de Phys., vol. 40, 
p. 192, or in any good work on physics. I extract the following 

rom Miller’s ‘*Chemical Physics,” third edition, p. 473: 
“Favre has arrived at the interesting conclusion that the quan- 
“tity of heat evolved by the soiution of a definite quantity of 
‘zine in any given circuit is lessened in the battery itself, in 
“ proportion as heat is evolved at any given point of the circuit, 
“and that heat is lost when motion is produced. The quantity 
‘‘of heat thus lost agrees very closely with the quantity re- 
“ quired by theory, if Joule’s mechanical equivalent of heat be 
“ adopted.” 

The quotation, which is made from Mr. Balfour Stewart’s 
recent and excellent work on heat, is not, I imagine, as stated in 
the article, any new definition of the conversion of electricity 
into heat, but merely a concise statement of the fact, brought 
as evidence that electricity is a molecular energy. Although. 
Mr. Stewart’s book has been consulted, the writer has omitted 
to notice that on the next leaf to his quotation Mr. Stewart 
distinctly speaks of that direct transmutation of electricity into 
heat, which he questions. Mr. Stewart states, in § 324, that 
“the energy of electricity in motion is converted into... . 
“ absorbed heat, when an electric current passes through a body 
“‘ which presents any resistance to its passage.” 

I now come to a more serious matter. The writer repeats his 
former assertion, ‘‘ But no proof has been given by any one of 
“ the actual loss of current, its conversion into heat:” and then 
remarks, ‘the diminution of current occurring during the 
* heating of the wire has been observed. ‘Tyndall gives a by no 
“ means felicitous illustration of this in his celebrated lectures 
“on heat. He shows how the current diminishes when the wire 
“is raised in temperature, and how it is increased when this 
“ heated wire is cooled in water, omitting to regard the increased 
‘“* means of conduction offered by the water. The diminution of 
“ current is attributed to the increased resistance of the con- 
‘ductor produced by the increased temperature of the wire.” 
Let us examine whether this statement or Professor Tyndall's 
experiment be the more trustworthy. The question may thus 
be stated: When a platinum wire, heated by an electric 
current, is plunged in water, does the increased flow of 
electricity that is immediately noticed arise chiefly or in part 
from the cooling of the wire, or from the greater conducting 
surface offered by the water? In measuring the heating 
effects produced by resisting the passage of an electric current, 
Joule, and subseqhently E. Becquerel, employed a helix of thin 
naked wire, which they plunged into a os containing water. 
Thus cooling the wire, the water rose in temperature, according 
toa certain law. This law, found first by Joule and then by 
Becquerel, us rightly stated in your article, was that the heat 
developed is proportional to the resistance multiplied by the 
square of the electric intensity. Fearing that in these experi- 
ments the whole effect was not due to the cooling of the wire, 
but that some of the current had passed through the water 
(exactly what is asserted in your article), Lenz repeated the 
investigation, using the same method of experiment, but plung- 
ing his spiral of heated wire into spirits of wine—a still worse 
conductor than water. Now here no part of the current could 
have been transmitted by the liquid, for alcohol is practically a 
non-conductor. Was Lenz’s result, then, different from that 
which the use of a water calorimeter gave to Joule and Becquerel ? 
No. It was precisely the same; the heat generated was pro- 
portional to the resistance and to the square of the strength of 
the current. Professor Tyndall's beautiful experiment, there- 
fore, is not so bad after all for lecture illustration, if such 
eminent men as Joule and Becquerel have found the principle 
not unsuitable for the delicate and rigorous work of the labo- 
ratory. 

A moment’s reference to a table of conductivities would have 
told the writer how unfounded was his critique on Dr. Tyndall's 
experiment. The wire through which the current passed is a 
thousand million times a better conductor than the medium in 
which it was plunged; and, whilst allowing for the large sec- 
tional area of the latter, it will, nevertheless, at once be evident 
that the current would more easily pass through the thinnest 
wire of the worst conducting metal than the largest area of 
distilled water. The actual experiments of E. Becquerel on the 
conductivity of liquids have proved this. It is easy to satisfy 
oneself that whatever conductivity the water inay possess 
really has no influence on the purity of this experiment. The 
incandescent wire might be laid on a slab of ice, proved to be an 
insulator by Faraday; the same result would be observed to 
follow as when liquid water was used to cool the wire. It was 
thus, in fact, Davy first discovered this effect of cooling one por- 
tion of a conducting wire. Part of a on wire, glowing by 
the passage of an electric current, was laid on ice, the other part 
immediately became more incandescent. Conversely, it is merely 
necessary to remove the ice, and, by a lamp, heat a portion of 
the wire more strongly, in order to see that the remaining 
portion grows nearly cold. Since Davy’s time, Dr. Robinson has 
proved that the conductivity of metals for electricity progres~ 
sively diminishes us they are raised to a white heat, 

Lastly, it is remarked at the close of the article “ that if we 
‘* could only produce electricity from coal itself, in other words, 
“ convert heat directly into electricity without water, we should 
“ do more than is now done with steam.” We can convert heat 
directly into electricity by warming the junction of two dissimi- 
lar metals. The first thermo-electric current was thus obtained 
by Seebeck, in 1833. Multiplying the number of metallic 
junctions, and rightly connecting them, we obtain the thermo- 
electric battery. A powerful form of this battery, giving a bright 
spark, and of considerable motive power, was introduced by 
Marcus, of Vienna, a year or two since, 

Although we cannot, as yet, gather up those stores of wealth 
which are yearly wasted by the non-retention of the solar 
rays poured on desert places, still it is not a wild dream to 
suppose that the time is approaching when the force of 
the Sahara sun will be carried through wires to Cairo, and 
thence be made to irrigate the desert; and thus, in time, the 
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STAY-BOLT DRILLING MACHINE. 
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sun will indirectly spread a leafy net which shall ‘entrap his 


own beams far more effectually than any human means. In- 
deed, the most hopeful practical results mist be looked for in 
the direction of thermo-electric batteries, but at present the 
resistance of the metals employed is their chief drawback. This 
will, doubtless be overcome by the progress of research in the 
laboratory, the first-fruit of which it is usual to greet with a 
cui bono? until it is found that the result of the thought and toil 
of the patient investigator has met some human necessity, as, in 
the long run, it always does, when it is quietly appropriated by 
the public. Then, whilst the world is ennobled by the discovery, 
and fortunes are amassed by its application, the forgotten dis- 
coverer finds his only reward in that pure and lofty joy which 
came long since when Nature y‘elded the new truth to him, and 
the satisfaction which followed after, when he fouud his work was 
not in vain. This bas been the life, and this the happy and 
only lot, of one of the greatest philosophers the world ES ever 
seen, one whom we are proud to claim as an Englishman, one 
still living, but now passing from among, us—the illustrious 
Faraday. 
I am, Sir, 
Your obedient Servant, 
W. F. Barrett. 
International College, Spring-grove, W. 
November 19th, 1866. 





Tue ATLAntic TELEGRAPH.—With respect to the land lines 
by which the Atlantic Telegraph is placed in communication 
with New York, it is now understood that three lines will be 
opened at Heart's Content. A new land line is to be constructed 
from Heart's Content to Placentia, Newfoundland, and thence a 
new cable will be laid to St. Pierre (Miguelon), and from that 
island to Sydney, Cape Breton, where it will connect with the 








mt land lines. An entire new line will also be built from | 
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STAY-BOLT BORING MACHINE, 

Tue machine illustrated above is working at the workshops 
of the Cologne-Minden Railway, in Germany. It has been con- 
structed for the purpose of drilling the small holes into boiler 
stays which serve for detecting fractures in case of their occur- 
rence. This machine is constructed for great speed of working. 
The stay is fixed into a hollow headstock revolving at a speed of 
380 revolutions per minute. The two discs being worked by ar 
extra pulley, each revolves in the direction contrary to the revo- 
lution of the stay, and makes 680 revolutions, so that the real 
speed of drilling is at the rate of 1060 revolutions per minute. 
The feed motion is given by weights attached to pinions working 
in a rack on the bed of the machine, and the driils must from 
time to time be pulled back by hand, for the purpose of clearing. 
A constant jet of lubricating material is thrown upon the two 
drills, which, at the close of the operation, nearly meet at half the 
length of the stay. One machine of this kind will bore 70 to 80 


stays per day. 





MANHOLE MOUTHPIECES. 

In the course of his last monthly report to the Manchester 
Association for the Prevention of Steam Boiler Explosions, Mr. 
L. E. Fletcher, the chief engineer to the association, makes some 
sound remarks on the construction of manholes and mudholes in 
boilers, and the fact that Mr. Fletcher has found it n to 
make these remarks has induced us to give an abstract of them 
here. Mr. Fletcher says: “ The weakening effect of unguarded 
manholes is not produced solely by the amount of metal cut away, 
but to a great extent by the action of the covers. These are 
generally internal, and held up to their work by the ure of 
steam, as well as by a couple of stout bolts and nuts, suspended 
from arched bridges ; and as the surfaces of the plates at the 
joint are not dressed smooth, but left rough, a considerable strain 
is frequently put on the bolts to make the joints steam tight, 





eart’s Content to Port Hood, Cape Breton, where it will con- | especially when the cover does not fit the sweep of the boiler. 
Thus the action of the steam, combined with bolts, tends to 
force the cover through the manhole and split the boiler open. 


nect with the present lines coming to the United States. The 


present land line in Newfoundland is also to be rebuilt. 





| 





This is just the action that takes place.” ‘Nothing is easier 
than to strengthen these manholes. It is done in all modern 
boilers turned out by first-class makers, so that there is not 


anything novel about it. As, however, some of our members 
have old boilers to which this mounting is not attached, and 


which they are desirous of adding, while some makers continue 
to turn out new hoilers without it—a practice from which so 
many,fatal explosions, as just stated, have already occurred—it 
is ht that a description and sketch of this most simple but 
valuable mounting will not prove altogether unacceptable to our 
members, some of whom, indeed, have already requested it, and 


therefore it is now given. 








“The manhole mouthpiece, represented in the accompanying 
sketch, is an external one, made of cast iron, and in the shape 
of a short cylinder, with a flange both at the top and bottom, 
the lower one being curved, so as to fit the sweep of the boiler to 
which it is rivetted, while the upper one is flat, and fitted with 
a cover, secured with bolts and nuts. Both the cover and upper 
flange should be faced up true on their joint surfaces, while it 
adds a finish to the work to turn them up on the edge, as well 
as to face the cover on the outside for a width of about 4 in., so 
as to give a true bearing surface for the nuts. For convenience 
in lifting the cover, a wrought-iron eye-bolt should be attached 
to it at the centre. The height of the mouthpiece should be 
sufficient to admit of the introduction of the bolts between the 
flanges for securing the cover, while the opening should be large 
enough to afford a man easy access, say 15 in., which, however, 
is a liberal allowance, and might be slightly reduced in special 
cases, should it be desirable todoso. The metal should be 12 in. 
thick for steam at a pressure of 60 1b., while the bolts should be 
1 in. in diameter, and spaced about Gin. apart. It is well to 
strengthen the upper flange by brackets, as shown in the cut; 
while the cover can be stiffened by ribs if required. By some makers 
the flanges are made as much as l#in. thick. For steam con- 
siderably above 60 lb. on the square inch, mouthpieces are some- 
times made of wrought iron, but those of cast iron are found to 
work satisfactorily up to that pressure. No hemp ring will be re- 
quired for making the cover joint, but merely a little red lead 
and oil, if the surfaces be properly got up, and provided that the 
lower flange be suitably rivetted to the shell, little or no caulk- 
ing will be required to make it steam tight. This external 
manhole mouthpiece is not the only form adopted. Some boiler- 
makers prefer an internal one. Either of them, if properly 
made, works well.” 








Srreet TRAMWAys IN LiveRPOOoL.—The Liverpool Courier 
devotes a leader to the scheme, about to be brought before Par- 
liament, for laying down tramways in Liverpool. The rail to 
be adopted is that known as the “crescent rail,” described in 
our first volume. It is a narrow rail, say 2 in. wide, with grooves 
on either side between it and the Macadam or block paving. 
The Courier states “‘ that a considerable length of it has been 
laid at the south end of Castle-street for more than twelve 
months without having given rise ‘to the slightest complaint; 
indeed, comparatively speaking, notwithstanding the immense 
vehicular traffic in that street, the very existence of the rail is 
hardly known.” This speaks well of the scheme, but it is pro- 
bable that as the tram is laid down merely, and not used, the 
grooves on either side have become filled with earth. The in- 
tended Liverpool scheme is thus described: ‘‘ The starting points 
as at present arranged are as follows : On the north, Bootle, 
proceeding along Derby and Victoria-roads, Great Howard-street, 
Oldhall-street, Tithebarn-street, Exchange-street East, Dale- 
street, Manchester-street, St. John’s-lane, Lime-street, through 
Clayton-square, Church-street, Lord-street, Castle-street, to 
Exchange-street East, and back over the route to Bootle. On 
the north-east, from Walton-on-the-Hill, by Walton and Kirk- 
dale roads, Scotland-road, Byrom-street, Old Haymarket, St. 
John’s-lane, Lime-street, through Clayton-square, along Church- 
street, Lord-street, Castle-street, Dale-street, Manchester- 
street, Old Haymarket, and back by Byrom-street, and the other 

rtions of the route to Walton. On the east-north-east, start- 
ing from West Derby Village, by West Derby-road, Brunswick- 
road, Moss-street, London-road, Lime-street, through Clayton- 
square, by Church-street, Lord-street, Castle-street, Dale-street, 
Manchester-street, St. John’s-lane, and Lime-street, back to 
London-road, and retracing the route on to West Derby. On 
the east, commencing at Oid Swan, the route will be by Stanley 
aud the Cattle Market, Fairtield, Kensington, Low-hill, London- 
road, Lime-street, through Clayton-square, by Church-street, 
Lord-street, Castle-street, Dale-street, Manchester-street, St. 
John’s-lane, and by Lime-street and the previously traversed 
route back to Old Swan. On the east-south-east the starting 
point will be Wavertree, and the route will embrace Wavertree- 
road, Edge-hill, West Derby-street, Pembroke-place, London- 
road, Lime-street, through Clayton-square, on by Church-street, 
Lord-street, and Castle-street to the Exchange, thence by 
Dale-street, Manchester-street, St. John’s-lane, Lime-street, 
and on through London-road and Pembroke-place to Wavertree 
by the same line as that already indicated. On the south the 
starting point will be Garston or Aigburth, along the Aigburth- 
road, Park-road, St. — a reat George-street, Berry- 
street, down Bold-street, and by Church-street, Lord-street, and 
Castle-street to the Exchange, returning along Dale-street, 
Manchester-street, St. John’s-lane, Lime-street, Renshaw-street, 
and Great George-street, onwards by the Aigburth-road. From 
the routes above indicated it will seen that all the leadio 
thoroughfares are included in this comprehensive system © 
street railways, and also that each one of them establishes 4 
direct and ready means of intercommunication between the out- 





lying districts and the business foci of the town. 























Nov. 23, 1866.] 


ENGINEERING. 


397 








PATENT SAFE AT MESSRS. WALKER AND SON’S. 


CONSTRUCTED BY THE CHATWOOD PATENT SAFE COMPANY, LIMITED, BOLTON. 


Fic. | 


BY 


Arrer Mr. Walker’s safe in 
his jewellery shop in Cornhill had 
been broken open and robbed b 
“ Counsellor” Casely and his able 
associates, Mr. Robert F. Fairlie 

inted out, in a letter to the 
Times, how easy it was to force 
the framing of most safes side- 
ways, away from the door, if 
wedges—in other words “ citi- 
zens” and ‘ aldermen” — were 
once entered between them. If we 
remember rightly, he recom- 
mended angle-iron around 
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safe to increase the difficulty of 
forcing it laterally open. Mr. 
Walker eventually obtained a safe 
for each of his well-known shops 
from Mr. Chatwood, of Bolton, 
and these safes are believed to 
be absolutely proof against the 
most accomplished and resolute 
burglars in the great army of 
London thieves. The mode of 
attack upon the former safe in 
Cornhill is here prevented by the 
rounded edge of the door, and 
the corresponding hollow in the 
side framing. There is no oppor- 
tunity of getting a wedge in, nor 
of driving it supposing it were a 
little way entered. But even 
supposing a wedge were well 
entered in an opening made for 
the purpose, the sides of the safe 
could not be forced away from 
the door, for the bolts are hooked, 
in the manner in which the 
fingers of the opposite hands may 
be, against corresponding catches 
in the side walls’of the safe. Be- 
fore the bolts can be even with- 
drawn, they must move laterally, 
or in a direction parallel with the 
front edge of the safe, so as to 
disengage them from the hooked 
catches within the safe framing. 
The bolts and catches are of 
great strength, arid no forcing by 
merely hand power, however as- 
sisted by tackle, could separate 
them. The sides of the safe are 
made of steel plates, with spiegel- 
eisen run between. The steel 
plates are drilled with a great 
“number of shallow conical holes 
the better to retain the spiegel- 
eisen. The whole thickness is 
2 in. solid, all around. No drill 
can touch such a combination, and 
no force less than that of a steam 
hammer or a cannon shot could 
ever break through it. 

The key-hole is filled by a 
small platinum lock, with its 
own key to lock it in. The 
smaller key-hole could hold but 
a minute quantity of powder, 
and the platinum would re- 
sist any attack with the blow- 

ipe Even if a bur- 
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oo succeeded in unlocking and 
— this lock, he would 
be but little nearer his object. 
Mr. Walker’s selection of this 
safe, and the evident care with 
which |it has been designed to resist every kind of violence, 
give it interest for many of our readers. We have prepared 
drawings which, without our describing them in detail, will 
clearly show the points in the general construction of the safe 
and lock to which we have called attention. 








Tue “P. anp O.” Fieet.—During the year 1865, the 
steamships of the Peninsular and Oriental Company performed 
384 voyages from Southampton and Marseilles under their India 
and China mail contracts. This represents’ a total distance of 
1,023,792 miles. ‘The number of first-class passengers conveyed 
outwards was 2891, and homewards 2448, at an average charge, 
including all provisions, wines, &c., of from 23d. to 33d. per 
mile for each passenger. These vessels are found to consume 
more coal, and to travel slower, when transferred from the 
Mediterranean to the Indian seas, the increase in consumption 
of fuel averaging about 1 cwt. per mile for each ship, the 
average decrease of speed being from 1 to 6 furlongs per hour. 
During the last seven years this company has added 28 ships to 
its fleet, which represents collectively a carrying capacity of 
48,986 tons, and a propelling force of 10,190 horse power. 
During the past year these ships have conveyed outwards from 
Southampton 746 tons of mails, consisting of 17,839 packages, 
at an average speed of from nine to ten nautical miles per 
hour. 





Tae New Frexcu Sreamsure “Sr. Laurent.”—The 
American Artisan says, “ The new steamship St. Laurent, of 
the General Transatlantic Company’s line, arrived here (New 


York) on Wednesday last, Oct. 31st, having made the passage 
tom Brest in ten days and fifteen hours. ‘The St. Laurent is a 
model of architectural beauty and internal finish. She is 370 ft. 
in length by 50 ft. breadth of beam, and 30 ft. depth of hold. 
Her hull was built at St. Nazaire, and her engines in the depart- 
ment of the Loire, and she is the only mercantile steamship of 
exclusively French build that has ever crossed the Atlantic, 





Her engines are said by those who have examined them to be 
the finest specimens of workmanship ever seen on this side of 
the Atlantic. [We wonder if the French engineers are really 
beating the Clyde builders. We think there must be some mis- 
take.—Kp. Ey 

Tue RAILWAY UNDER THE THAMES.—The London and 
South-Western Company have given notice of an intended a 
plication to Parliament to authorise them to advance money tor 
the —— of the Waterloo and Whitehall Railway, now in 
course of construction under the Thames. 





LOCOMOTIVE ENGINES. 
To THe Eprror or ENGINEERING. 

Srr,—I have read with much interest the able articles on 
locomotive engines that appeared in your ? pe on N ber 
9th and 16th inst., headed ‘‘ Four-cylinder Locomotives” and 
“ Locomotive Engines,” graphically pointing to the direction in 
which we are rapidly progressing towards the adoption of large 
and powerful locomotives to accommodate the vastly increasin; 
traffic on our railways, and while I should remain satisfied wit 
the flattering manner in which you have been pleased to mention 
my efforts in this direction, there are some essential points con- 
nected with the adoption and use of the locomotive so pertinent 
to the question, that i ont ee will it me to call your 
attention, and that of your ers, to them. In the considera- 
tion of this all-important subject, I think it but just and proper 
that we should consider the tender of a locomotive as a part of the 
locomotive itself, inasmuch as the one is as essential to the other 
as the cylinders to the driving wheels, consequently, when de- 
scribing the character and performances of engines; we should 
treat them as of two classes—the engine and tender as one, and 
the tank engine as the other. Take, for example, the 8 
locomotives on the Great Western, North Western, Great 
Northern, and Midland Railways as our best types, we shall find 
them what is usually termed six-wheeled coupled engines with 
tenders, the former weighing, in working order, about 36 tons, 
and the latter, with its complement of fuel and water, about 
28 tons; consequently, in speaking of them it is right to state 
the weight is 59 tons, 86 tons only of which is available for 
adhesion, the balance of 23 tons being a useless and very expen- 
sive load carried about with every move of the engine. 

Let us now see what this 23 tons of load so uselessly carried 
about would produce on a line such as the North Western. 
The goods and minerals tonnage conveyed by this company for 
the half ending June, 1866, according to their balance 
sheet, is 7,833,371 tons, or 46,700 nett per working day for the 
half year, while the gross tonnage hauled, which, of course, in- 
cludes the tare, the weight’ of the trucks being invariably put 
down at half the nett, will amount to 70,050 tons, 

Assuming each train to consist of — tree and each 
truck to average 10 tons 8, the.mamber.of tons per train 
will be 300, and the number of trai per day 234, ” 

Suppose, then, instead of hauling these cumbersome, ex- 
pensive, and useless tenders, trucks, laden with goods, are taken, 
each, as above, averaging 13 tons gross, it will give 2} additional 
trucks for every train; then multiply the number of trains 
day, viz., 234, by the 2} trucks per train, and we have 527, this 
being the increased number of trucks taken per day at less ex- 
pense for haulage than the tenders, because the latter are much 
more costly in production and maintenance. According to the 
average number of trucks per train, these 527, in lieu of tenders, 
well sdaes the number of trains by seventeen and a half, pro- 
ducing a direct saving to revenue of this number of trains per 
day, together with all their attendant expenses, while the results 
for or would remain precisely the same. 

If, however, there should be traffic sufficient to load these 
527 trucks, a circumstance that every merchant and manufac- 
turer in London knows too well must be the case by the constant 


delay in receiving their goods, now greater than ever, notwithstand- 


ing all the increased facilities, the extra tonnage carried per day, 
allowing, as before stated, 4rd for the tare (the actual atditionsl 
merchandise carried), will 3513 tons in the 527 trucks, and, 
with 318 working days for a year, we shall find the result, in 
saving the weight of the tenders alone, to produce the enormous 
amount of 1,099,569 tons for that time. Assuming that this ton- 
nage is hauled a distance of 100 miles at 1d. per ton per mile 
(which I consider below the average), it will produce 458,1531., 
and, allowing for the necessary expenses of handling this tonnage, 
say, 30 per cent. of the tonnage rate per mile (the cost of haul- 
age being already paid), there will still be left a net surplus 
revenue of considerably over a quarter of a million of money that 
would be available to go direct into the shareholders’ pockets. 

This is a startling fact, and should cause railway shareholders 
to open their eyes to the question, why don’t our railways pay? 
How is it that fifteen years ago we received larger dividends 
than we receive now, notwithstanding that the traffic has during 
that time more than doubled itself? and this question becomes 
much more pertinent when it is known to every schoolboy that 
the cost of working any establishment is reduced in proportion 
to the quantity of work done. Ask a railway manager his rate 
of freight for 20 tons, and he will give a certain rate per ton: if 
es say 200 tons, the rate will be so much less, and properly so; 

ut in connexion with shareholders’ dividends the most common 
of all rules is reversed, for the more the traffic, the less the divi- 
dend. I need only instance the Brighton Railway, with the best 
paying traffic of any line in the world, and with more than they 
actually can accommodate ; yet what is the result? The shares 
are actually at less value now than they ever were before. ‘The 
same calculation will apply to this line, showing still greater 
advantages from applying the weight of the tender to that of 
carriages loaded with passengers, instead of trucks loaded with 
merchandise. Take only two carriages, weighing about 12 tons, 
and an average of fifteen passengers per carriage (the Brighton 
Railway being principally a passenger line, and I am informed 
the through traftic — twenty passengers per carriage), 
weighing say 3 tons, or only 15 tons gross, will give thirty pas- 
sengers additional carried 1,000,000 miles per annum, being a 
very small portion of the mileage actually run; this is shown 
in their balance-sheet for the half year ending June, 1866, as 
2,167,122 miles, or at the rate of 4,334,244 miles per annum. 
Leaving the balance of the 1,000,000 miles taken for merchandise 
and unremunerative mileage, will produce, at the rate of three 
—— per passenger per mile, the sum of 187,500/. net 
profit per annum in favour of the shareholders, the cost per 
train mile for haulage being the same without this increased 
revenue as with it. 

The reply to these extraordinary facts will no doubt be, we 
must have fuel and water to supply the engines, which we can- 
not carry on the engines themselves without incurring a corre- 
sponding inerease of wear, tear, and maintenance, and in the 
cost thereof, by overloading the engine wheels, and increasin; 
considerably the danger of running at the speeds we are obli 
to do with our express trains. The answer to this is a very 
simple one. Make your locomotives carry their own supplies, as 
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well as do their own work; and I am prepared to prove this can 
be done without any increase in the cost of wear, tear, and 
maintenance—on the contrary, at a very considerable reduction 
in tlle present cost, but as to do this now would, I fear, trespass 
too much on your valuable space, with your permission I shall 
be glad to continue this letter in your next edition. 
1 remain, your obedient Servant, 
Ropert F. Farr. 
56, Gracechurch-street, London, 
November 22, 1866. 





RECENT PATENTS: 

THe following specifications of completed patents 
are all dated within the present year, did the year 
1866 should be given in ordering them, at the 
annexed prices, from the Great Seal Pateut Office, 
Chancery-lane. 

(No. 832, 10d.) Samuel Dalby, of Bradford, patents 
a coal-cutting machine, having a pair of cutting arms 
revolving horizontally upon a vertical spindle, the 
cutters being placed over the machine, and intended to 
form the roof of the “working.” The revolving 
cutters are driven by a compressed air-engine working 
direct on tlie vertical shaft of the cutters. 

(No. 834, 6d.) C, E. Brooman, of 166, Fleet-street, 
as the agent of J. W. Cochran, of New York, patents 
u projectile for ordnance, in which the packing of 
copper wire intended to take the rifled grooves, as well 
as lubricating matter, is to be forced diametrically out- 
wards by the pressure of the powder. gas admitted 
through openings in the rear of the shot. The idea is 
much the same as tliat of the late Mr. Miller’s steam- 
packed piston, and it is likely to come into successful 
use. 

(No. 839, 8d.) W.E, Newton, of Chancery-lane, 
patents, as a communication, a rotary engine, which 
would require a drawing to illustrate it, and which 
does not'appear to be altogether new. 

(No. 842, 4d.) FE. D. Elliot, of Plymouth; patents 
the employment, of an exhausting air-pumnp in con- 
nexion vith the bottom of the cisterns in which animal 
charcoal is washed, in sugar bakeries, before reburn- 
ing. 
(No. 843, 1s. 2d.) Mr. Chatwood, the well-known 
safe-maker, of Bolton, in conjunction with others, 
patents an ingenious instrument, whereby a ship is to 
mark its own course and run, by self-acting means, 
upon a chart, so that the position at any moment may 
be seen within a moderate limit of error. 

(No. 849, 10d.) KR. A. Hardcastle, of Neweastle- 
on-T'yne, patents the introduction of a clutch between 
the differential blocks of Westoun’s pulley: The object 
is to separate the blocks when weights require to be 
quickly Siwettd : but this could only be done, without 
disaer of accident, when tlie weights were light, and 
when indeed the differential pulley would hardly be 
needed to raise them. 

(No. 853, 8d.) William Clark, of Chancery-lane, 
as the agent of a New York inventor, patents a steam 
pump with steam-moved valves. The principle is one 
hich we have ourselves worked out, and we believe 
others have doe the same, but, so far, without any 
striking success. 

(No. 856; 1s.) Captain Symonds, R.N., of 10, 
Adam-street, Adelphi, patents a mode of recessing 
the ports of plated ships of war, so as, as is alleged, 
to chtain a better training of the gun. ‘Ihe outside of 
the ship around the port is turned inward, in the 
manner of the concave side of one of Mr. Mallet’s 
buckled plates, the inuer side corresponding to the 
convex side of the buckled plate. It is evident that 
this furm of port would lead many ashot into the port, 
or against the muzzle of the gun, after first striking 
some distance away from it. And we do not perceive 
that the “command” of the gun is mucli increased 
after all, or, in other words, that it can be trained 
through a much greater angle than in ordinary broad- 
side ships. 

(No. 858, Sd.) 
a revolving scoop ay 


Whittaker and Lowe, of Oldham, 
patent li 
shafts, so as to scoop up an 


cation at each revolution. 


ad the oil for lubri- 


to the journals of 


thence curves downward and passes out of the side of 
the boiler through a trap which passes water, but will 
not pass steam. As feed-water is pumped in at the 
bottom from the sea the surface-water, with its floating 
grease, passes down the pipe and is blown off. A 
somewhat similar idea is worked out for the lower part 
of the condenser, so that the air-pump shall not draw 
greasy water from it. 

(No. 863, 8d.) Mr. C. E. Amos, of Messrs: Easton; 
Amos and Sons, and Mr. William Anderson; also of 
that firm, patent a mode of treating the waste 
alkaline liquors of paper-mills, so as to recover the 
alkali, and to decompose and dissipate all the organiic 
impurities. Instead of evaporating in close vessels, 
the waste liquor is to be turned directly into a sort of 
blast furnace, the watery portion being dissipated as 
steam, while the alkali is to collect at the bottom of 
the furnace, as if it were so much: liquid iron, and to be 
thence drawn off. 

(No. 865, 6d.) Thomas Ironmonger, of Wolver- 
hampton, patents a mode of plaiting gasket packing, 
and, by including india-rubber cores, appears to be 
treading very closely upon Mr. Tuck’s successful 






invention. 

(No. 869, 10d.) Francis Alton Calvert, a veteran 
inventor of machines for cleaning cotton and wool 
patents a further machine for the purpose of opening 
and combing various fibrous substances.- A drawing 
would be necessary to describe it, but we may note 
that the fibrous material is to be exposed to the direct 
action of steam, to heat and moisten it, as it passes the 
feed rollers. 

(No. 872, Sd.) A. V. Newton, of Chancery-lane, 
as the agent of Philip 8. Justice, of Philadelphia, 
United States, patents a hammer of which the tup is 
driven by a crank and connecting rod, acting through 
a bent spring. We cannot say whether a regular 
effective action could be counted upon; but we believe 
the hammer is doing well in the States, where it is 
known as the “ dead stroke ” hammer. 

(No. 874, 10d.) A. V. Newton, of Chancery-lane, 
as the agent of an American inventor, patents dif- 
ferential pulleys, we will not undertake to say with 
what differences from Weston’s. 

(No. 876, 8d.) John Medhurst, of 11, Drummond- 
road, Bermondsey, patents: a mode of reefing sails by 
winding rollers. The invention consists in the mode 
of attaching the winding chains. 

(No. 877, 8d.) Johnson and Rennie, of Copenhagen, 
patent a tramway, in which one tram only is grooved, 
the other being left flat. The carriages are to have one 
flanged wheel only to correspond. The object is to do 
away, as far as possible, with the objectiolis to 
grooving the trams, but the success of such a tramway 
is alittle doubtful. The carriages would, we think, be 
often off the trams. 


(No. 878. 10d.) 


oilers, as if that were inew. 
(No. 882, 1s. 10d.) 


strains upon the cable. 

(No. 898, 10d.) 
square 
sewage 
few weeks ago. 


(No. 901, 6d.) 
for ordnance, by their previously patented plan, an 


a finished tube or jacket. 
of selection and of avoiding honeycombs. 

(No. 903, 8d.) R. M. Graystock, of Mather anc 
Platt’s works, Salford, Manchester, patents a frictiona 
gear for the let-off and take-up motions of looms. 

(No. 910, 10d.) UL. A. Bonneville, of 38, Porches 


up sunken ships. 





Robert Newton, of Keigliley, 
jatents forcing dir into the close ashpits of steam 


Thomas Silver, of 8, Southamp- 
ton-buildings, Chancery-lane, patents an application of 
his governor to the paying-out machinery of cable- 
laying ships, the object being to guard against sudden 


Captain Liernur, of 34, Regent- 
, W.C., patents the pneumatic system of removing 
» from towns; illustrated and described by us a 


Deakin and Johnson, of Birming- 
ham, patent the forming of long hollow tubular ingots 


then cutting them up into lengths, each sufficient for 
This gives an opportunity 


ter-terrace, patents a curious contrivance for fishing 
One part of the apparatus is a huge 
cast net which is to be spread over them, and the 


(No. 930, 8d.) George Hindshaw, of Manchester, 
patents iron safe doors, with their edges, and those of 
the frame where they fit, vandyked with ogee projec- 
tions and indentations to increase the difficulty. of 
getting wedges into them for forcing them apart, 
This object is far better secured in Mr. Chatwood’s 
present form of safe doors. 

(No. 931, 10d.) William. Read; of Coventry; pa- 
tents an electro-magnetic engine. 

(No. 932, 1s.) William Martin, of Harrow-on-the. 
hill, in conjunction with Messrs. Varley; patents de- 
tails in connexion with the block system of working 
railway telegraphs. 

(No. 933, 10d.) Messrs. Collis, of Stourbridge, 
patent details in the arrangement of the flues of Par- 
doe’s coke ovens. 

(No. 941, 10d.) Edward Brooke, of Huddersfield, 
patents a trap and charcoal-filter for sewer openings. 

One inventor, a Frenchman, is refused a patent 
for a travelling-bag which may also be made to form 
a good arm-seat for a second or third-class railway 
carriage. We presume the refusal to be on. the 
ground of frivolty of design; but the power of refusal 
should be exercised with great caution in order to 
deal fairly with all. 


Civm AND MecuHanicaL EncGineers’ Soctery.—On 
Wednesday, the 14th inst., a paper was read before this society 
by Mr. Moritz Miiller, “On Railways over the Alps,” being the 
continuation of a paper read by him in May last. The author 
having referred to the first portion of bis paper, in which an 
account was given of the railways over and tlarctiati the Mont 
Cenis and that of the Brenner Pass, proceeded to describe in de. 
tail that of the Semmering Pass, between Glognitz and Murg- 
zuschlburg, where there are gradients of 1 in 40, and curves of 
600 ft. radius, and in the entire length of the section described 
61 per cent. is on gradients of between 1 in 40 and Lin5U. The 
author described the most remarkable works on the line, most 
of which are situated in the pass called the Wenizettolwand. 
At this point it was found necessary to lead the line along the 
face of a cliff, which, in many places, is quite perpendicular ; 
and in order to set out the line at this part, the engineers had to 
be suspended from the top of the cliff by ropes of from 500 ft. 
to 600 ft. in length, and the position of the line was shown by a 
streak of paint on the face of the rock. The men who com- 
menced the work were suspended ina similar manner. After 
describing in detail the works on this portion of the line, the 
author gave a brief account of the tunnels, especially referring 
to that called the Semmering tunnel on the summit of the line, 
about a mile to the north of the Wenizettolwand. In con- 
structing this tunnel, a very peculiar arrangement of shafts was 
used in order to reduce as much as possible the number of pump- 
ing and winding engines requited. The total number of these 
shafts was 9,tof which 5 were of the usual vertical descrip- 
tion, and the remainder were inclined at an angle of 45° with 
the horizon. On the surface of the ground the inclined shaft ad- 
joined the vertical one, so that the sume engines could be used 
for both; but after sinking to the required depth, they were a 
sufficient distance apart.to enable the miners with advantage to 
drive headings in both directions from the bottom of each shaft. 
The permanent way adopted on the line was stated to‘be a com- 
bination of the longitudinal and cross-sleeper system carrying a 
flat-bottomed rail. The engines were designed by M. Engerth, 
the Government locomotive superintendent, and are of the 
heaviest description. They were designed after a series of very 
careful experiments had been made from engines and designs 
furnished by various makers, for which prizes were awarded by 
tie Austrian Government. None, however, were accepted for gene- 
ral use on the Semmering incline. The author considered that 
the facts elicited by these trials, and the account of the various 
competing engines (which were given by him) were of the 
greatest interest to all locomotive engineers. ‘The paper was 
fully illustrated by diagrams, &c., of the entire line, and was 
an exceedingly complete and interesting one, 

Steam PLouGH Triats.—On Wednesday week the Faver- 
sham Agricultural Association had a capital trial of seven 
steam ploughs, and awarded cups for the best ploughing, as 
well as Landsome money prizes to the men working the winning 
ploughs. Still further, those who brought their engines and 
ploughs from a distance were paid 5s. a mile for travelling ex- 
penses. The engines were all locomotives, six, of 10 horse,:hav- 
ing been made by Messrs. Aveling and Porter, while the other 
was the original 14 horse engine made for the late Mr. Fowler, 
by Messrs. Ransomes and Sims, and first exhibited at Salisbury 
10 years ago, The tackle, with two exceptions, was Messrs. 
Howard’s, of Bedford. To each plough was allotted four acres, 
the preliminary trials diminishing this to from 2 to 3 acres. 
The ploughing averaged about } acre per hour, and the prizes 
were awarded in the following order: 1. Messrs. Neame an 
Abbot; 2. Mr. James Mansfield; and 3, Captain W. Gillow. 

Frexcu Maw Sreamsuips.—The steam fleet of the Messa- 
geries Impériales at present consists of sixty-six ships, fifteen of 
which are employed in conducting the mail service between Mar- 
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me 5 TP “Bbeicieads FIGR BRlectctree " ‘ , > : 
(No. 85 , id.) C, EB. Brooman, of It 6, Pie et tre et, }edges draw tog ther beneath the hull. The details | seijies and countries reached by way of the Indian Ocean ; twelve 
oe of a Pres ch inventor, patents - are ingenious, but their description here would occupy | of these ships are employed in the latter sea, and three in the Me- 
converting scrap steel into ingot steel by m the | too mueh space. " | diterranean. Six distinct routes are performed by these steamers, 
former, in a reverberatory furnace, along ul rib-| (No. 911, Sd.) Reuben Noake, of Wolverhamp- | two being main lines—é.e., from Marseilles to Hongkong, and 
bandy” (2) or “rubanné” cast iron, and uing olf | ten patents grooving the angle irons e ved it the Marseilles to Mauritius, and four branch lines—‘.e., wy 
i : ‘cessivel l-makh had bet s POET IE eT OLN 9 TN SE ri . see de Galle to Caleutta, from Hongkong to Shanghai, from Shan 
mgots successively. Sie el-makers had 0D end | | Coustruction Of iron safes In such manner, that an i- ghaito Japan, and from Singapore to Batavia. They are all 
the specification, and form their own opinion of | ternal angle iron shall, uevertheless, cover the outer | monthly services, and are performed at a coutract speed of nine 
(No. $61, Sd.) Messrs, Thomas and William L.| edges of the plates. knots per hour, which was, however, exceeded during the year 
Winans, of Baltimore, U.S., and St. Petersburg, and (No. 919, 10d.) Charles Pardoe, of Brierley Hill, | 1865 in the Mediterranean by from one to two — and in 
also of 45, Clarges-street, Piccadilly, patent a scum patents modifications of his already patented coke the Indian Ocean by about three-fourths of a knot per hour. 

j ; f b ‘ki ' : ge Bie Bg ge My Narrow v. Bkoap GAucE.—The Great Western Company 
pipe so take off the GreRy Cat Ss Sts Vee | Ovens, the point being in the arrangement of the side have given notice of intended application to Parliament to alter 
with surface-condensers. ‘This pipe opens upward) flues leading to the single flue common to all the | the gauge of the Bristol and North Somerset Railway from broad 
within the boiler, near the working water-level, and | ovens, ‘ bs inaier. 
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LOCOMOTIVE ENGINES FOR THE SOUTHERN AND WESTERN RAILWAY OF QUEENSLAND. 


DESIGNED BY MR, CHARLES DOUGLAS FOX, C.E., AND CONSTRUCTED BY MESSRS. JAMES CROSS AND CO,, ST. HELEN’S. 
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_Some weeks ago (vide pages 174 and 196 of the present 
volume) we gave an account in this journal of the carriage and 
wagon stock for the Queensland Railways, and mentioned the 
peculiarities of construction, which the narrowness of the gauge 
of those lines—3 ft.6 in.—had rendered necessary. As we 
then stated, there are two lines in Queensland, namely, the 
Southern and Western and the Great Northern Railways, to 
both of which Sir Charles Fox and Sons are the engineers; and 
we now present our readers with engravings of some twelve- 
wheeled coupled engines built by Messrs. James Cross and Co., 
of St. Helens, for the former line. These engines were designed 
by Mr. Douglas Fox, and they are arranged on the system 
patented by Mr. Robert F. Fairlie, to which we have frequently 
alluded in this journal. 

As will be seen by the views given on the two-page engraving, 
the wheels are arranged in two groups, three pairs in each, the 
wheels forming each group being coupled together, and driven 
by an independent pair of cylinders. The diameter of the wheels 
is 3 ft., oat the three pairs forming each group are placed at 
equal distances apart of 3 ft. 3in. from centre to centre. The 
distance between the centres of the group is 16 ft., so that the 
total wheel base is 22 ft. Gin. The tyres are of steel, spring- 
seated on Mr. W. B. Adams’s patented. plan; and those of the 
middle pair of wheels of each group are without flanges. 

The cylinders are outside, and are 11 in. in diameter, with a 
stroke of 1ft. Gin. They are fixed in a slightly inclined posi- 
tion, 5 ft. apart transversely from centre to centre, and have the 
valve chests on the top of them, as shown by the transverse 
section through the smokebox, given on the present page. The 
pistons are of cast iron, fitted with Ramsbottom’s rings, and the 
connecting-rods are coupled to that pair of wheels of each group 
which js furthest from the cylinders, so that a good length— 
6ft. 22in.—is obtained between centres. The main frames of 
each bogie are rather close together, even when the narrowness 
of the gauge is taken into consideration, the distance transversely 
from outside to outside being only 2ft.74in At that end of 
each bogie which is next the firebox, the main frames are con- 
nected to the arched transverse plate carrying the curved slides 
by which each bogie frame is coupled to the frame extending 
round and supporting the firebox, as in other engines constructed 
upon Mr. Fairlie’s system. 

Thé axle bearings are, like the frames, placed rather close to- 
gether, the transverse distance between centres being 2 ft. 2 in., 
and a space being left between the outside of each bearing and 
the Corresponding wheel-boss. ‘The object of this arrangement 
appears to have been to get the eccentrics outside the frames. 
The chief bearing springs are all of the transverse kind, and are 
Placed one below each axle, as shown in the engravings. As 
Springs so arranged would give no lateral stability, each bogie 

8 been provided, in addition, with four volute springs—a pair 
hear each end—these being placed between brackets fixed to the 
inside of the main frames and brackets on the boiler. This ar- 





rangement is shown in the front elevation. The transverse dis- 
tance between the centres of these volute springs is, however, 
only 2ft. 1in., so that the spring base is very narrow. ‘he 
axle-boxes are of cast iron, with brass bearings, and all the axle- 
box guides are titted with adjusting wedges. 


The eccentrics are, as we have already stated, fixed on the 
driving axle outside the frames, close to the wheel bosses; the 
valve motion is of the shifting-link kind, and motion is commu- 
nicated to each valve through the intervention of a rocking shaft. 
The reversing is effected by means of a screw, and the gear is 
so arranged that it is not influenced by the movements of the 
— The engines are fitted with injectors arranged horizon- 
tally, one outside each of the side tanks, and the feed water is 
carried partly in tanks fixed between the frames under the 
barrels of the boiler,.and partly in side tanks situated beneath 
the footplate on each side of the firebox casing, and on the foot- 
plate on each side at the bottom of the coalboxes. The combined 
contents of the tanks amount to 1030 gallons. The coalboxes 
are four in number, and are placed one on each side of each 
barrel of the boiler, near the firebox casing. ‘They have an 
aggregate capacity of 120 cubic feet. 

he arrangement of the boilers is clearly shown by the half 
longitudinal section given on the two-page engraving. It has 
two barrels and a central firebox, the former being each 
9 ft.10 in. long by 3 ft. in diameter inside. The firebox casing 
is 6 ft.3in. long, and its width tapers from 3 ft. 9 in. at the 
bottom to the diameter of the boiler at the top, the latter bein 
flush with the barrels. The inside firebox has a surface o 
72.1 square feet, and its top is stayed by transverse roof-stays, 
assisted by sling-stays, as shown in the figures. The firegrate 
area is large—17.4 square feet—so that wood can be readily 
burnt, and the firing is performed through doors at the sides of 
the firebox. Each barrel of the boiler contains 133 tubes, 14 in. 
in diameter, these giving a heating surface of 1037.4 square 
feet, and making, with the firebox surface, the total heating 
surface 1109.5. square feet. As the great length of the boiler 
would render longitudinal stays somewhat inconvenient, each 
of the smokebox tubeplates is stayed by gusset stays, as shown 
im the com sg and transverse sections. 

The boiler has a dome fixed on the top of the firebox casing 
at the middle of its length, and in this dome is placed the regu- 
lator which governs the supply of steam to both pairs of cylin 
cers. The regulator is of the — class, and from it'the 
steam passes into a pipe formed by rivetting a bent plate along 
the inside of the top of the boiler for a considerable portion of 
its length. We cannot say that we like this arrangement, as 
the tightness of the pipe, of course, depends upon the tightness 
of the rivetted seam along each side of the bent plate, and any 
leakage through this seam would, of course, admit steam to the 
Gylinders, and might occasion much trouble. From the pipe or 
passage along the top of the boiler, the steam passes into a couple 
of small steam chests placed one on each barrel, and from these 





it is conducted by branch pipes to other chambers, fixed one on 
the bottom of each barrel, these chambers being annular, and 
forming the sockets jnto which the bogie pins are fitted. From 
each of the annular chambers a forked pipe conducts the steam 
to the cylinders, this pipe. being connected with the chamber by 
a stuffing-box, which allows the pipe to follow the movements 
of the bogie to which it belongs without being strained. The 
blast-pipes are also arranged, so that they can follow the move- 
ments of the bogies, and at the same time deliver their jets in the 
centre of the chimneys, the arrangements of ball-and-socket 
joints adopted being clearly shown in the longitudinal and trans- 
verse sections. Each barrel of the boiler is furnished with a 
manhole at the top near the smokebox end; and we observe 
that these manholes are merely strengthened by a ring rivetted 
round each of them on the inside, but are without mouthpieces. 

The weight of each of these engines is 80 tons, this weight 
being equally: divided, 2} tons on each wheel. They are in- 
tended to draw a load of 120 tons, including their own weight, 
up a gradient of 1 in 45, 12 miles long, and it is probable that 
they will be found capable of performing a still greater duty. 
The line on which they are to be worked has frequent curves of 
880 ft. radius, and it is probable that curves of still smaller 
radius will be introduced, and around which the system upon 
which the engines are constructed will enable them to pass readily 
and safely. We shall not speak further respecting the capa- 
bilities of these engines at B ag but we may mention that in 
the course of a paper by Mr. Douglas Fox, read before the In- 
stitution of Civil Engineers on Tuesday last, the author stuted 
that each of these engines was capable of exerting about twice 
the power of each of the tender engines previously made for the 
Queensland lines, whilst the cost of the two classes had been 
2500/. and 18502. per engine respectively. 


WINDING ENGINES. 
To THE Eprtor oF ENGINEERING. 

Srr,—You will greatly oblige me with some instructiors on 
the following. If an engine is placed in the centre between two 
pits, to heave coal therefrom, the depth of one shaft to be 
200 yards, and of the other 265 > pecage the drum wheel to be 
fastened on the fly-wheel shaft of the engine, and to wind with 
each coil of rope on the other, each rope to be of the same thick- 
ness, say one inch, and the suspending weight to be in propor- 
tion, the diameter of the drum wheel travelling from the 200 yards 
shaft to be 10 ft., what must be the diameter of the drum wheel 
to heave from the 265 yards shaft, so that the tram may be at 
the surface when the one at the 200 yards shaft will be at the 
bottom, and so as to work regularly together? 

A rule and example for the same will greatly oblige, 

A Constant READER OF “ ENGINEERING.” 

[In order to answer this question it is necessary to know what 
width the drums could be made so that the number of coils that 
the rope would make could be determined. ] 
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BLAST FURNACES. 

Iv seems but a very short time since the Newcastle 
meeting of the British Association in 1863, when Mr. 
Bell, himself a most enterprising ironmaster, described 
the Cleveland furnaces as from 14 ft. to 18 ft. in the 
boshes, from 42 ft. to 50 ft. or 55 ft. high, and as 
heated by blast of from 600 deg. to 700 deg. The 
production of iron was put down at from 200 to 220 
tons for each furnace weekly. In 1864 Mr. Beckton 
described to the Institution of Mechanical Engineers 
the three large furnaces erected by him for Messrs. 
Stevenson, Jaques, and Co., of Middlesboro’; and 
their dimensions, 224 ft. in the boshes and 70 ft. high, 
were received with some surprise. It was mentioned 
also that the blast was being regularly heated to from 
800 to 900 deg. At the present time there are many 
furnaces in and about Middlesboro’ with boshes of 
20 ft., and of a height of 68 ft. to 80 ft. ; furnaces with 
23 ft., 24 ft., and even 25 ft. boshes are in course of 
erection ; while at Stockton boshes of 26 ft. have been 
adopted ; and, to crown all, the Rosedale and Ferry-hill 
Company are about to blow in a pair of furnaces 27 ft. 
in the boshes and 102 ft. high. While such large 
dimensions have been adopted, the temperature of the 
blast has also been greatly increased, and 1050 deg. is 
now reckoned moderate, while 1100 deg. and upwards 
are regularly maintained at some works in the Cleve- 
land district. 

It is not certain whether the increased size of the 
furnaces, or the increased heat of the blast, has had 
most to do with the great economy of fuel which has 
been attained, the consumption of coke having been 
reduced to as little, in some cases, as 21 ewt. for each 
ton of pigs made from an argillaceous stone containing 
31 per cent. of iron. At the Cleveland furnaces, with 
but 16 ft. boshes, Messrs. Bolekow and Vaughan have 
run up two of their stacks to a height of 95 ft., and we 
believe that the consequent great weight of the 
materials has not crushed the coke, and “ gobbed” the 
furnace, as might have been expected, and that the 
blast is not forced back around the tuyeres, So long 
as these evils do not follow, a high stack saves coke 
by permitting more of the heat of the gases to be taken 
up by the materials in the upper part of the furnace ; 
and as the gas is now all taken off and used as fuel for 
raising steam and heating the blast, it is an advantage 
to have it as cool as may be while passing down 
through the large mains, generally of wrought iron, 
leading to the boilers and stoves. It is, after all, a 
question of the crushing strength of the materials, and 
up to heights of 75 ft. and 80 ft. they have so far stood 
perfectly in the furnaces in and about Middlesboro’, 
this fact being proved by freedom from “ gobbing,” or 
choking with masses of crushed or agglomerated mate- 
rials impenetrable to the blast. And as the furnace is 
made higher, it may be made larger with advantage ; 
for the blast is sent in so near the centre, at any rate, 
not more than 4 ft. from it, that its own natural dif- 
fusion, where the boshes are inclined 68° or 70° from 
the horizontal, will carry air to everything in the 
furnace above the tuyeres. It is thus that Messrs. 
Hopkins, Gilkes and Co.’s engineer, Mr. Gjers, has not 
hesitated to adopt 24ft. boshes for two furnaces now 
building, and which will be of a height of 75 ft. 
Messrs, Gilkes, Wilson, Pease and Co. = e adopted 
25 ft. boshes and an 80 ft. stack. Mr. Player, at 
Norton, has gone still further, and the new furnaces at 
Ferry-hill, with their great height, have the largest 
boshes ever known. 

The late Mr. Neilson, when he first taught the 
Scotch ironmasters to heat the blast, began with 


filled with live flame, and they inform us that they not 
only thus obtain a hotter blast, but that they do so 
with less gas than where the combustion-chamber is 
employed. 

Nearly all the blast furnaces in and about Middles- 
boro’ have been built upon wet swampy ground, and in 
many cases the foundations are on piles. Messrs. 
Cochrane’s furnaces at Ormsby were built, in 1854, 
upon ground which was awash at every tide, and they 
have Bices seventy piles under the foundations of each 
of two new furnaces, with 23 ft. boshes and 76 ft. high, 
now in progress. Above the piles, beneath these and 
other furnaces, a bed of concrete is laid, and upon this 
the brickwork, in fire-brick, is carried up 8 ft. or 10 ft. 
to the hearth. No stone whatever is used, nor is there 
any good stone within convenient reach. The furnaces 
are in no respect remarkable in form, and although we 
might give sections, the following notes of two fur- 
naces erecting by Mr. Gjers, engineer to Messrs. 
Hopkins, Gilkes, and Co. (as he is also to Messrs. 
Lloyd and Co.), will suffice. These furnaces are 24 ft. 
in the boshes and 75 ft. high. The hearth is 8 ft. in 
diameter and 8 ft. high, being cylindrical for its whole 
height. The boshes are thence uniformly enlarged to 
their full diameter at a point about 24 ft. higher up, 
the rise being about 3 to 1 of horizontal distance. The 
thickness of brickwork, at the full diameter of the 
boshes, is about 4ft. The sides of the furnace fall in 
very gradually to 22 ft. diameter at a point not far 
below the tunnel head, and are thence curved to the 
top by an easy curve. Mr. Gjers’s usual practice is to 
blow with only three tuyeres, and in the Linthorpe 
furnaces, each 20 ft. in the boshes and 68 ft. high, the 
tuyeres are 44 in. in diameter. The stack is supported 
upon brick piers, although in a few instances cast-iron 
columns are employed, as in the old French furnace at 
Hyanges. Some of the furnaces are cased with plate 
iron, and Messrs. Stevenson, Jaques, and Co.’s fur- 
naces have plate-iron casings for a short distance 
above the twelve cast-iron columns upon which 
the larger diameter of the stack is carried. Above 
this casing the stack is hooped, in the usual manner, 
with hoops at an increasing distance apart as they 
approach the top. The top is covered by a cast-iron 
dished pan, with a cast-iron bell or cone to close the 
opening in its centre. This pan, cast in segments, 
slopes inward and downward at an angle of about 45°, 
and its inner edge is formed by an iron ring ina single 
casting, bolted in after the bell cone has been sus- 
pended at the top of the furnace. The ring is of a 
few inches width, the bell cone closing from below, and 
being a few inches larger in diameter than the opening 
made for the materials to fall through. In the early 
attempts to take off the gas, the bells, or cones, were 
so made as to give not only a bad distribution of the 
materials, but also so as to obstruct the outlet passages 
for the gas. This led to explosions at the furnace 
head, and it is, we think, a little singular at this stage 
of improvement that an explosion of this kind should 
have see not long since in Lincolnshire. With 
the present arrangement, now well known to blast-fur- 
nace engineers, but of which we shall within a few weeks 
give an illustration, the “materials” (a comprehen- 
sive term for ironstone, coke, and limestone) fall to 
their proper place within the furnace, and so as not 
to obstruct the outlet of the gas to the main leading 
to the stoves and boilers. The charging is now a 
matter of tipping a few barrowsful of “ materials,” 
then throwing a few lumps of ignited coke upon them, 
and then raising the lever which lowers the “ bell.” 
The escaping gas instantly inflames, the materials drop 





300 deg. ; and when the melting heat of lead had been 
at last adopted, blas‘-furnace engineers rested, and 
were literally thankful. It was reserved for the 
Cleveland engineers to carry Mr. Neilson’s discovery 
to temperatures of even 1200 deg., and it is found that 
the iron is not injured by it, and, what is more, the 
stoves last very well indeed. ‘This is partly due to 
their great surface. The old stoves of twenty years 
ago presented from 250 to 500 square feet of surface 
for each 1000 cubic feet of blast supplied per minute, 
while at several of the Cleveland furnaces 1250 square 
feet are allowed—a single furnace, taking 6000 cubic 


feet of blast per minute, having five stoves with pipes | 


of elliptical section, presenting a total external surface 
of 7500 square feet. Mr. James, the manager of the 
Acklam furnaces has informed us that there are pipes 
still in the stoves of the Clay-lane furnaces, which were 
put in by him thirteen years ago, and, although ex- 
tremely high heats did not then prevail, the present 
stoves are considered good for five or six years. Mr. 
Player has further protected them by first burning the 


gas in a separate combustion-chamber, and letting the | 


to their proper position, and the “bell” is up and 
| home again alter a few seconds. It closes so tightly, 
| and is, besides, so protected by a loose layer of luting 
| thrown in by a few flourishes of the shovel, that no 
| gas can afterwards escape. The furnaces, indeed, have 
| gas jets, supplied from the town mains, always alight 
/at night, to enable the men on the stage to pursue 
| their duties. So far as flame at the furnace top is 
| concerned, a Clydesdale man might suppose all the 
} furnaces in Middlesboro’ to be out of blast. In 
| the best arranged works, the gas is found suffi- 
| cient for raising all the steam required for the blowing 
engines and for working the hoists, as well as for heat- 
|ing the blast. No coal or breeze is used except for 
| caleining the ironstone, where gas could not be con- 
| veniently applied. Much depends upon a well-regu- 
lated air-admission to the gas; but this is now well 
understood. When gas was first used, a great deal of 
it burnt in the chimney-stalks, and was often, indeed, 
seen blazing from their tops. The chimneys, some of 
them fine stalks, 120 ft. or more in height, were cracked, 
and had to be bound, like a blast furnace, with haops 


heat into the pipe-chamber through narrow slots in the! all the way from top to bottom. The boilers, mean- 


brickwork ; but other engineers keep the pipe-chamber | while, were 75 ft. or 80 ft. long. Now, however, it is 





found that all the gas can be perfectly consumed with. 
in a distance of 50 ft. from the point of admission, 
and the newer boilers (which are plain cylinders, 4 ft, 
in diameter, egg-ended, and without flues) are but 
60 ft. long, and a sight-hole commanding the back flue 
of a range of ten boilers shows only complete dark. 
ness, not even the reflection of flame being visible, 
The brickwork at the back remains cool, and there is 
no longer necessity for hooping the chimneys. ‘The 
boilers have each a furnace grate for coal, but the 
grates are seldom if ever used in the newer establish- 
ments. 

The cost of the larger furnaces, with calcining kilns, 
boilers, blowing engines, stoves, hoists, mains, sidings, 
and other plant, but exclusive of land, is from 15,000/, 
to 20,000/. each, being less where a number of fur. 
naces are built on one property. ‘The cast is from 20 
to 25 stu every twelve hours, or from 280 to 350 tons 
a week, 








LARGE-BORE ORDNANCE. 


Tue principle of “sub-calibre ” shot, alluded to in 
our last week’s number, was first communicated by 
Mr. W. Bridges Adams, and was noticed in the 
columns of Zhe Engineer, then under the editorship of 
Mr. Colburn, several years back. Engravings of this 
gun and shot, the former of large calibre, the latter 
of small diameter, were inserted, in illustration of an 
article by Mr. Adams, in the Mechanics’ Magazine, and 
subsequently in Oxce a Week. The argument was after- 
wards transferred to the appendix in Mr. Adams’s book 
on “ Roads and Rails,” as follows : 

“The great comparative range of rifled cannon has 
been obtained, not-by the-rifling process, but in spite 
of it. Expending power in spinning a shot in no 
way tends to increase its velocity, as proved by the 
experiments on targets, but the contrary. The reason 
for the greater range is found ‘in the diminished area 
of the shot giving a diminished atmospheric resistance. 
But, other things being equal, the velocity is deter- 
mined by the area of powder surface, and, while 
diminishing the resisting area of this shot, the small 
bores resorted to have “diminished the propelling 
power. 

“For this reason the writer was the first to enun- 
ciate the true principle of procedure —viz.: Zo use 
an elongated missile of reduced diameter, capable of 
maintaining a straight course through the atmosphere, 
and to propel it by a gun of increased diameter, thus 
reducing the area of atmospheric resistance, and increas- 
ing the area of propelling power, with any desirable 
weight of missile, the gun being in all cases of siff- 
cient length to consume, without wasting, the largest 
quantity of powder that it will burn without bursting. 

“Such a gun would be equally adapted to throw a 
round shot at close quarters, or an elongated ball at 
long range. 

“In the discharge of elongated shot, it is essential 
to accuracy that the bore should be sufficiently long to 
expend the powder before the shot escapes, and that 
the axis of the shot should be maintained centrally to 
the axis of the bore. With a shot of the same dia- 
meter as the bore, this must take place; but with a 
shot of reduced diameter, a sabot must be resorted to 
which will at the.same time receive the impact of thie 
powder and transmit it to the shot while closing the 
windage. 

“A sharp-pointed shot against stone walls would 
act like a crowbar, penetrating deeply and dislodging 
stones, instead of merely battering the surface ; and if 
rere y with bursting charges, it would be the most 
atal of all to masonry. There is an objection to the 
use of internal carriers for elongated shot, as they must 
be left behind at the muzzle, and may damage troops; 
but for ships’ guns and trenching guns there is no difli- 
culty ; and for field guns the carrier may be formed on 
the shot itself, and go with it. In any case the fit of 
the shot in the gun should be elastic without involving 
useless friction.” 








Mr. Funnewu’s Train Signars.—On Thursday last, 
Colonel Yolland and Major Rich, acting for the Board of Trade, 
inspected a new system of railway electric signalling, the in- 
vention of Mr. E. Funnel, of Brighton. The signals selected for 
examination are situated between Lancing and Shoreham, on 
the London, Brighton, and South Coast Railway, on which 
company’s line the inventor's signals have been erected in many 
places, and worked satisfactorily under very severe tests. Among 
others present at the inspection were Mr. Seymour Clarke, of the 
Great Northern Railway, Mr. Adams, of the North London Rail- 
way, and several gentlemen connected with the Brighton line. 
Colonel Yolland, after a careful inspection of the signals them- 
selves, and the machinery required to work them, expressed him- 
self highly satisfied at the complete arrangements, and capability 
of the signals to perform their duty under all circumstances, 
however severe. 
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THE WATERWORKS OF LONDON. 
No. VIII.— Tae Kent Waterworks Company. 
(Continued from page 394.) 

Tue pair of engines for supplying the low-level 
districts are, like the other engines at the Kent Water- 
works, worked without a cataract, but the valve gear of 
the two engines is connected so that they make 
alternate strokes. They are supplied with steam at a 
pressure of 40 lb. by seven single-flued Cornish boilers, 
and the cut-off is made to take place at from one-fourth 
to one-fifth of the stroke. 

The upper levels of the district are supplied by a 
couple of single-actiag beam engines with fly-wheels, 
these engines having been built by Messrs. Boulton 
and Watt about fifty years aga, They have cylinders 
38 in. in diameter and 8 ft. stroke, and each works a 
pump 164 in. in diameter, with a stroke of 6 ft. 3 in., | 





added to the Kent Waterworks. The water supply is 
obtained from an artesian well, with headings of the 
aggregate length of 120 yards driven in the chalk, and 
this well is provided with a double-acting flywheel 
condensing engine, having a 29 in. cylinder with 5 ft. 
stroke. This engine both raises and distributes the 
water. The mains from the Plumstead station are in 
communication with the lower level mains from the 
Deptford and Charlton stations, and also with a covered 
summit reservoir having a capacity of 800,600 gallons, 
and situated at the level of 157 ft. above Trinity high 
water. 

When the Plumstead works were in the hands of 
the Plumstead and Woolwich Company, the water 
supplied from them was subjected to the “ softening” 
process of Professor Clark, and the same process was 
also at one time in use at the Deptford station. Its 
use has, however, now been discontinued at both 


the rod of the pumps now used being coupled to the | places; but works have been erected by Government, 
beam at a less distance from the main centre than the | near the Herbert Hospital, where the water supplied 
piston-rod. Each of the engines is, however, furnished | to that establishment is still subjected to the process. 
with another pump of the same stroke as the .steam-| Professor Clark’s process consists of the addition of a 


cylinder ; but these pumps are not at present worked. | 
The engines are provided with three single-flued 
Cornish boilers, of which two are generally oad, the 
pressure of the steam being 16 lb. per squareinch. The 
effactive head of water against which the engines pump 
is 280 ft., whilst the summit reservoir with which the 
upper-level mains communicate is situated on Wool- 
wich-common, 228 ft. above Trinity high-water mark, 
or 240 ft. 6in. above ordnance datum. The mains in 
connexion with this reservoir supply water to the 
whole of the Government military and naval establish- 
ments at Woolwich, with the exception of the Arsenal. 
The delivery pipes from the pumps of the upper-level 
engines are, like those from the low-level pumps, pro- 
vided with an air-vessel ; and whilst speaking of this 
we may mention that Mr. Morris employs no air- 
charging pumps in connexion with his engines, the 
loss of air in the air-vessels being made up by the aid 
of a species of air-lock, of which we shall explain the 
construction presently, when describing the engine at 
the Crayford station. 

At the Charlton pumping-station of the Kent Water- 
works Company the supply of water is obtained from 
two artesian wells, each well being provided with a 
Cornish beam-engine constructed by Messrs. Harvey 
and Co., and fitted with a surface condenser. These 
engines have each a 60 in. cylinder with 10 ft. stroke, 
and they each work, in addition to a lift pump of the 
same stroke as the steam-cylinder, a we ch and 
plunger pump 21 in. in diameter with 8 ft. stroke, the 
rod of this pump being attached to the beam between 
that of the fit pump and the main centre. The lift 
pump of each engine is employed in raising water 
from the well to which it belenme whilst the bucket 
and plunger pumps distribute it over the district. The 
mains from the Charlton station are in connexion with 
the services of both the upper and lower levels. 

The Dover-rdad station is situated at the foot of | 


Shooter’s-hill, near the Herbert Hospital, and at it | 





certain quantity of pure lime to the chalk water, the 
principe salt contained by which is the bicarbonate of 
ime: The bicarbonate being a soluble salt, the extra 
quantity of carbonic acid contained in it has a less 
affinity for the carbonate than for the pure lime, and 
upon the addition of the latter it unites with it, con- 
verting both the bicarbonate and the lime into car- 
bonate of lime, which is insoluble, and is deposited if 
the water is allowed to rest. Although the process is 
a simple one, it requires to be carefully carried out in 
order to obtain good results, as, if more than the 
correct proportion of quick-lime is added, the water is 
eaten hard by the excess. It is also necessary that 
the quick-lime should be thoroughly mixed with the 
water, and at the Plumstead works this used to be 
accomplished in the following manner: A cylinder con- 
taining prepared lime, or milk of lime, was placed in 
connexion with the pipe conducting the water from 
the pumps to the settling reservoir, and this cylinder 
contained a piston moved by machinery. By the action 
of this piston, a certain quantity of the milk of lime 
was delivered at each stroke into the pipe. through 
which the water to be purified passed, and the quan- 
tity admitted was of course under control. 

At the Crayford station the works are in progress, 
the artesian well, from which the supply of water will 
be obtained, being completed, ‘and a ae thin double- 
acting engine, with surface condenser, being in course 
of construction by Messrs. Harvey and Co. Of this 
engine, which works both the lift and distributing 
pump, we are enabled, through the courtesy of Mr. 
w. he Morris, to give engravings, Figs. 1 and 2, on 
page 403, being respectively a general elevation and 
plan, and the remaining figures on page 402 represent- 
ing various details. As will be seen by Figs. ] and 2, 
the engine-bed is formed of two cast-iron girders, to 
which the cylinder, distributing pump, &c., are con- 
nected, the girders being bolted } to a brick and 
stone foundation. The cylinder is 24in. in diameter, 


there is employed, as an auxiliary lift, a horizontal | with a stroke of 4ft., and the piston-rod is carried 
engine working a double-acting pump direct. This | through both covers, and provided with a crosshead at 
engine has a cylinder 20in. in diameter, with 3 ft.| each end. These crossheads work between guide-bars 
stroke, and is fitted with a surface condenser. The | in the usual way, so that the piston is completely sup- 
district supplied from this station includes the higher | ported. To one of the crossheads is coupled the 
levels of Shooter’s-hill, Eltham, Abbey Wood, &c.,| plunger of the distributing pump, and also a pair of 
and there is in connexion with the mains a covered | connecting-rods extending to cranks on the flywheel 
reservoir having a capacity of 325,000 gallons, and | shaft, whilst to the other crosshead is attached a short 
situated at an elevation of 311 ft. above Trinity high |]ink, which is also coupled to the extremity of the 
water. | vertical arm of a bell crank, to the horizontal arm of 
Near Bromley, on the Mid-Kent line of railway, is | which the lift-pump rod is connected. 
the Shortlands pumping-station, where the supply is} The valve fo is placed on the top of the cylinder, 
obtained from an artesian well, which was sunk with | and the slide valve, which is of the ordinary kind, is 
considerable difficulty, the boring having to be carried | driven, through the intervention of a rocking shaft, by 
through an outlying bed of sand 70 ft. thick, and | an eccentric on the flywheel shaft. On the top of the 
charged with water to the surface. The work was, | valve chest is placed a double beat expansion valve, 
Lowever, successfully accomplished, and a deep boring | worked horizontally by a rod extending from a cam on 
m the chalk made, and the water now stands in the | the vertical shaft of the governor. This valve is ar- 
well at a level 100 ft. above Trinity high water, the ‘ranged so that it also forms the starting valve. The 


supply being full and continuous. “The engine with | 
which the well is provided is a direct-acting Cornish 
engine, with a 40 in. cylinder, and 8 ft. stroke, and was 
Constructed by Messrs. Harvey and Co. It is fitted 
With a surface condenser, and drives a double-acting 
pump, 12 in. in diameter. The summit reservoir con- 
nected with the Shortlands station is at Berkeley Park, 
Chiselhurst ; it has a capacity of 450,000 gallons, and 
's situated at an elevation of 300ft. above Trinity 
igh water. Mains are now being laid to connect 
these works with the other stations. 

The works at the Plumstead station were formerly 
the property of the Plumstead and Woolwich Water- 
Works Company, to which Mr. Homersham was the 
fogmeer, but they were eventually purchaSed and 





governor, which regulates the speed of the engine by 
varying the amount of the expansion, is geared so as 
to make two revolutions to one of the engine, and is 
set so as to give the latter a speed of twenty-five re- 
volutions per minute. 

The air pump, which is placed below the crank 
shaft, is 15in. in diameter, with 15 in. stroke; 
it is single acting, and is driven by an_ eccen- 
tric fixed on the crank shaft, as shown in Figs. 1 
and 2. The feed pump is 4in. in diameter, with a 
6 in. stroke, and is also driven by an eccentric on the 
crank shaft. The flywheel is 10 ft. in diameter, and 
weighs five tons, and the flywheel shaft, which is 6 in. 
in diameter for the greater part of its length, is carried 
by four bearings, disposed as shown in the plan. The 





surface condenser, which is made of wrought iron, is 
4 ft. in diameter and 6 ft. 6in. long, and is placed in 
the cistern through which all the water passes on its 
way from the lift to the distributing pump. It con- 
tains 160 galvanised wrought-iron tubes, 2 in. in dia- 
meter inside, through which the water passes. The 
tubes, which are 3%; in. thick, are secured in the man- 
ner shown in the enlarged section, Fig. 7, the holes in 
the tubeplates being slightly countersunk, and an 
india-rubber ring of circular section being forced into 
each of these countersinks by a brass nut screwed on 
the end of the tube. The tubeplates are 14 in. thick, 
and the diameter of the eduction pipe leading from 
the cylinder to the air pump is 8 in., Whilst that leading 
from the condenser to the air pump is 6 in. in diameter. 

The lift-pump is shown to an enlarged scale by 
Fig. 3. It is a plunger pump, the diameter of the 
plunger being 16 in., and the stroke 4ft. It is in- 
tended to rest upon the bottom of the well, and its 
case is made entirely of wrought iron; this mode of 
construction being adopted, because, as it is immersed, 
no repairs could be executed without lifting to the sur- 
face, and lightness, therefore, is very essential. It is 
intended, also, that this pump should be used to assist 
in sinking the well deeper, should it become necessary 
to do so. The barrel of the pump is 2] in. in dia- 
meter inside, and is composed of }in. plates, the same 
thickness of plates being also employed in the con- 
struction of the pipe extending from the top of the 
barrel nearly to the surface, and which is also 21 in. 
in diameter for the greater part of its length. Near 
the bottom, however, the diameter of this pipe is in- 
creased to 28 in. inside, so that it forms a chamber for 
the delivery valve. Both the top and bottom valves 
are of the india-rubber ring class generally employed 
by Mr. Morris, and to which we have before alluded ; 
and the top valve is placed, so that its seating forms 
the top of the pump barrel—a very neat arrangement. 
In Fig. 8 there is given an enlarged view of a portion of 
one of these valves, with its seating. The connexion 
of the upper end of the delivery pipe from the pump, 
with the top casting to which the guide for the pump- 
rod is fixed, is effected by a stuffing box, as shown in 
Fig. 2. The pump-rod is 2}in. in diameter, and is 
cottered into the top of the plunger, whilst at its upper 
end it is coupled by a link 12 ft. long to the horizontal 
arm of the hell crank already mentioned, ‘The arms 
of this bell crank are each 6 ft. long, and it is composed 
of a pair of plates, each 2 in. thick, placed 9 in. apart, 
and having bosses formed on them. Tach arm is 
12 in. broad at the roof, and 9 in. broad at the outer 
end. 

The water raised by the lift-pump is delivered 
through a 12in. pipe imto the cistern in which the 
surface condenser is placed; this cistern, which is 
12 ft. long, 5 ft. wide, and 6 ft. deep, being situated as 
shown in Figs. ] and 2. From the cistern the water 
is led to the distributing pump, through a pipe 15 in. 
in diameter, this pipe communicating with the lower 
valve-box of the pump. The distributing pump is of 
the piston and plunger class, and enlarged sections of 
it are given in Figs. 4 and 5. The diameter of the 
piston is 15in., and that of the plunger 11in., whilst 
the stroke is of course the same as that of the steam 
cylinder, or 4 ft. It has two valves only, and these 
and the passages connected with them are arranged as 
shown in the figures. The water rising through the 
bottom valve is first drawn into the barrel of the pump 
behind the piston, and on the return stroke it is dis- 
charged through the delivery valve, one portion of it 
being forced into the main, and the other filling the 
space between the plunger and the barrel of the pump 
which becomes vacant during the outward stroke. The 
water thus taken into the inner end of the barrel of the 
pump during the outward stroke is of course discharged 
into the main during the suction stroke, as in a bucket 
and plunger pump, and the pump is thus double acting. 
The valves are both of the india-rubber ring class, pre- 
viously described. 

On the delivery main from the distributing pump is 
placed an air-vessel, 4 ft. in diameter inside and about 
13 ft. high from the crown to the top of the air-cham- 
ber at the bottom. Of this air-vessel we give a ver- 
tical section in Fig. 6, which will serve to explain the 
arrangement which Mr. Morris employs in place of 
air-charging pumps, and to which we have. already 
alluded. It consists of an air-chamber formed b 
making the air-vessel with a double bottom, this 
chamber being connected with the air-vessel by two 
pipes arranged as shown in the figure. One of these 
pipes leads from the top of the air-chamber to the 
open air, and has a branch communicating with the 
air-vessel, whilst the second pipe is connected to the 
bottom of the air-chamber, and, like the other, commu- 
nicates both with the open air and the air-vessel. Each 
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in which the arrangement is worked is as follows: 
The cocks on the branches leading to the air-vessel 
being closed, those on the pipes communicating with 
the open air are opened, and the air-chamber thus 
filied with air, any water it may contain flowing out 
through the lower pipe whilst the air enters by the 
upper one. When the air-chamber has been thus 
p nl the cocks which have hitherto been open are 
closed, and those on the branches communicating with 
the air-vessel opened, when the water in the lower 

rt of the latter flows through the pipe leading to the 
bottom of the air-chamber, and forces .the air con- 
tained in it through the upper pipe into the air-vessel. 
The process can, of course, be repeated as frequently.as 
required. The engine which we have just described 
will be supplied with steam at a pressure of 40 Ib. per 
square inch by two boilers, each 30 ft. long and 6 ft. in 
diameter. The distributing pump is intended to force 
the water to the height of 300 ft., and the mains from 
the Crayford station will be in communication with 
those from all the other stations and reservoirs. 

The Kent Waterworks Company supply water to all 
the towns on the Thames from the Surrey Docks at Ro- 
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therhithe to Erith, and their district extends inland to | 


Peckham, Lewisham, Bromley, Chiselhurst, and Cray- 
ford, including all the parishes within that boundary. 
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pipe and branch is furnished with a cock, and the way | number of houses supplied is 33,693. According to 


, 


the Registrar-General’s report for August last; the 
average daily supply was, during that month, 6,835,483 
gallons. As the whole of the water is obtained from 
wells sunk in the chalk, it holds in solution a larger 
proportion of the salts of lime than that supplied by 
the other London water companies. In the month of 
July last—which is the month to which we have pre- 
viously referred in our accounts of the various water- 
works—the quantity of carbonate of lime, or its 
equivalent, contained in the water supplied by the 
Kent Company, amounted to 24.8 parts in 100,000 
of the.water, and the organic and other volatile im- 
purities to 1.8 parts in the same quantity. 





THE PLACE DE L’EUROPE BRIDGE. 
To THe Eprror or ENGINEERING. 

Sir,—I spent half the day, yesterday, in inspecting the bridge 
at the Place de l'Europe, in company with Messrs. Boissy and 
Bazaille, of the engineers’ department. It is, in all respects, a 
very fine job, the whole of the work being of an equal qualit 
throughout. The rivetting is very well executed, and all 
the punching has been done by the jacquard machine. I 
examined many hundred plates, and each one comes exactly in 
place without rimeing or drifting. The plates have never, been 
er together until their arrival on the spot, when they are 

oisted into place, and rivetted up without further trouble. The 
entire cost ot the ironwork of the bridge, including scaffolding 
and erection, will not exceed 18/. per ton. It is a work which must 


The total length of the mains is 180 miles, ana the ! be seen and closely examined to be appreciated. The engineers 
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were extremely amused at the absurdly dictatorial manner in 
which one of ad contemporaries ptt itself to describe and 


criticise this bridge, and inform its ers that the streets and 
railway were on a level. They laughed heartily at the ignorance 
and presumption shown by its writing an article on a subject 
of which it was profoundly ignorant, and the hope was ¢x- 
pressed that we did not often in our scientific papers get treated 
to such trash. I assured them that we only regarded the paper as 
a patent journal, but not as an authority on scientific subjects, at 
which they expressed great satisfaction.* , 

I spent the best part of Saturday in the new Exhibition baild- 
ing, which is very well carried out. The building is covered in, 
and they have begun to mark out the portions for each country, 
and also to paint some portions of the interior of the roof. The 
whole erection is very strong and solid; the ironwork is 4 
capital job, and the ————- inside far from bad. Shey ons 
hard at work getting the ground round the exterior of the ~- 
ing into order, carting earth, trees, &c., continually, and the 

rtions to be used as flower-beds already show themesives: 

here can be no doubt but that their well-known taste w! 
enable them to produce a very pleasing effect. They are war 
good progress with the new entrance from the Bou! evards to 
Exhibition, and are cutting down the hill and clearing ~ 
buildings with great rapidity; and there can be no doubt bu 
that, with Raat Sestien, it will be a great success. Every 
one here expects wonders. : 

Iam aon guing to examine some locomotives on the Northern 
Railway, so must conclude. 


Yours faithfally, 
Paris, Nov. 28th, 1866. Cc 


1viL ENGINEER. 
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* Our correspondent is severe, but he ,was justified, as our 
readers know, by the facts.—Eb, E. 
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BLOWING ENGINES. 

Tne ironworks in the Cleveland district present 
nearly every variety of blowing engine. But very few 
are condensing engines, and very few are coupled in 
pairs, and in several works four single engines are 
working in the same house. And the overhead-cylin- 
der, direct-acting, self-contained engine appears to be 

referred above all others. Messrs. Bolckow and 
Scodes built for themselves and put down non-con- 
densing beam-engines, working singly (nof in pairs), 
when they erected their furnaces at Eston and in 
Middleshoro’, and one of the same make, with a 9 ft. 
blowing cylinder and 9 ft. stroke, is working at Messrs. 
Hopkins, Gilkes, and Co.’s, blowing two furnaces. 
These engines have the crank between the steam cylin- | 
der and the framing carrying the main centres, the 
motion of the connecting-rod being correspondingly 
less than that of the piston-rod. Messrs. Swan, 
Coates, and Co., of Cargo Fleet, two miles or more 
below Middlesboro’, have a fine condensing beam | 
engine, made by Messrs. Hawkes, Crawshay, and Co. | 
As for horizontal engines, there are two in the-district | 
of remarkable design, the bed-plates being nearly or | 

uite 90 ft. long. One of these is at Messrs. Gilkes, | 
Vilson, Pease, and Co.’s furnaces. It has a 54in. | 
steam cylinder, with piston-valves, a 9 ft. blowing- 
cylinder and ‘9 ft. stroke, and runs at about seventeen 
revolutions per minute. It is, like most others in the | 
neighbourhood, non-condensing. It was thought 
necessary to keep the lower edge of the casting form- 
ing the head of the blowing-piston off the bottom of 
the cylinder, and so the piston-rod is supported by a 
heavy guide and sliding-block, both between the steam 
and blowing cylinders, and at its outer end, behind 
the blowing-cylinder, these guides requiring about 
22 ft. additional length of the bed-plate. Notwith- 
standing all this provision, the stuffing-box glands 
have worn, and the piston has worked down, so that 
the cast-iron portion bears on the bottom of the blow- 
ing-cylinder. The piston-valves to the steam-cylinder 
are large, and have Ramsbottom’s rings, which blow 
in by the steam to some extent, and which also give 
trouble by cutting. As a whole, the engine wastes 
much steam, and it is not likely to be copied for other 
works. 

Another class of horizontal engines are the four at 
Ormsby furnaces, constructed by the late Mr. Archi- 
bald Slate, who was a partner of the Messrs. Cochranes. 
These are single non-condensing engines, having 18 in. 
steam-cylinders, 4 ft. blowing-cylinders, and 2 ft. 4 in. 
stroke, and they are worked at 80 revolutions, or 
nearly 375 ft. of piston, per minute. Mr. Slate’s views 
as to short-stroke, quick-speed engines received much 
attention a few years ago. He believed that no 
ordinary valve would serve a blowing-piston making 
50 to 100 double strokes per minute, = so he formed 
an annular sliding case or valve around the blowing 
cylinder, this case being worked by eccentrics in the 
manner of an ordinary slide valve. This sliding case 
alternately opened and shut a series of air-ports 
around the blowing-cylinder, and it delivered the blast 
through a pipe having a broad flat flange, against which 
the sliding case rubbed in its to-and-fro motion. As 
far as the inlet and outlet of air was concerned, these 
annular valves worked well at all speeds ; but they were 
gluttons in respect of tallow, al they also involved 
extra working parts and fitting. Mr. Samuelson’s 
furnaces at Newport, above Middlesboro’, have three 
vertical direct-acting engines with Slate’s sliding case, 
and Messrs. Jones, Dunning, and Co, have four of these 
engines, made at the Canal Foundry, Preston, of which 
Mr. Richard Howson, now engineer to the Newport 
furnaces, was for some years the manager. At the 
Newport furnaces the steam from one of the engines 
is let into a low-pressure blowing-engine, with a 5 ft. 
steam cylinder and 4 ft. stroke, the high-pressure 
engine having a 35 in. steam cylinder and the same 
stroke. All the engines have 78 in. blowing-cylinders. 
The steam from the low-pressure engine is condensed 
in one of Cochrane’s surface condensers, which is a row 
of cast-iron columns, with a pipe down the centre of 
each, as in gas condensers, the condensation being 
effected by trickling water down the outside and 
inside pipe, the steam being admitted into the annular 
space between the pipes. ‘ll is arrangement originated 
at the Ormsby furnaces, where a pair of direct-acting 
overhead cylinder engines, designed by Mr. E. A. 
Cowper, of London, are worked with the steam from 
the horizontal high-pressure engines already described. 
This mode of turnmg the waste steam to account, 
however economical in itself, is but an afterthought, 
as the high-pressure engines might have been fitted 
with condensers at the first. There has, however, 








been a positive objection to condensers, which admits 


| admit anc 


of water, except it be foul salt water, and the ground 
which would be required for cooling fresh water, if it 
were obtained, is considered too valuable—being worth 
more, indeed, for “slag tips,” or tipping places for 
furnace slag. 

Mr. Beckton, formerly the engineer to the Acklam 
furnaces, designed and patented a class of overhead 
cylinder engines, two of which, each to work singly, 
were made for those works by Messrs. Kitson, of 
Leeds. They had 36 in. steam cylinders, 100 in. blow- 
ing cylinders, and 44 ft. stroke. The connecting-rod 
was jointed within the blowing-piston, and as the rod 
swung to and fro in working the crank beneath, it 
carried with it, by means of a vibrating socket for the 
stuffing-box, a sliding cover to the lower end of the 
blowing-cylinder, this cover containing passages to 
let out the air. Another sliding cover on 
the top of the cylinder was connected by a lever, 
centred at a point on the side of the cylinder, to the 
bottom sliding cover, and thus the blast was to be 
admitted and delivered by a positive motion, derived 
from the working parts of the engine itself, the idea 
being the same as that of the late Mr. Slate, although 
the details were different. Mr. Beckton’s engine 
turned out, however, a costly failure. The engine 
could not be worked at a speed sufficient to give the 
required blast, and in any case the friction was very 
great. The cylinders have therefore been raised, so as 
to admit of guides and a cross-head beneath the blow- 
ing-cylinder, and flap-valves, of a kind of which we 
shall presently speak, have been adopted. 

During the unfortunate delay consequent upon the 
failure of these engines, the proprietors porte a pair 
of coupled, direct-acting, overhead cylinder engines 
from Messrs. Coulthard, of Blackburn. We illustrated 
and described a pair of engines by the same makers, of 
identical construction and of nearly the same dimen- 
sions, in Enerneertne of January 12th last. These 
engines are peculiar only in respect of their air-valves, 
which are light balls, 5in. in diameter, covered with 
india-rubber, and which rise and fall upon short in- 
clined planes as they open and close. ‘They are placed 
all around the ends of the blowing-cylinders. Several 
pairs of engines having this kind of air-valves are said 
to be working with very good results, but from some 
defect of adjustment, we presume, they have not yet 
done quite as well as could be wished at the Acklam 
furnaces. 

The blowing-engines which, of all others, appear to 

be doing the best in the Cleveland district are those 
at the Linthorpe Ironworks, made from Mr. Gjers’s 
general designs by the Canal Foundry, Preston, during 
the time of Mr. Howson’s management there. They 
are four direct-acting, non-condensing, overhead cylin- 
der engines, with 30 in. steam-cylinders, 66 in. blowing- 
cylinders, and.4 ft. stroke, each engine working singly, 
and at 32 revolutions per minute, a speed which is in- 
creased to 42 revolutions when one engine is laid off, 
and the remaining three blow four furnaces. The 
steam pressure is 60 lb. per square inch, cut off at half 
stroke, and the blast is blown at 41b., with not more 
than $lb. loss between the blowing-cylinder and the 
tuyeres. The engines are good, strong jobs, and the 
workmanship is, as we had occasion to ascertain care- 
fully, of really good quality. Their most interesting 
feature is the air-valves. These are simple flaps of 
Warne’s india-rubber. Each valve-seat is a casting 
yerhaps 30 in. long, with a number of ports in that 
ength, each port being 3 or 4in. long and 3 in. or more 
wide, the ports being separated by narrow bars, the 
whole forming a grid. A flap of rubber, } in. thick, is fas- 
tened to one edge of the planed face of the casting, and 
has a light plate-iron stop at its back, allowing the flap 
to open through about 30°. The blowing-cylinder is 
made to receive the required number of these valves 
around its upper and lower ends, the valves being set 
to act as inlets or outlets, as required. The rubber is 
found to suffer no injury after eighteen months’ wear ; 
it works perfectly at the full speed, not only of the 
blowing-engines, but also of the engines working the 
pneumatic hoists, which run at eighty revolutions, or 
more, per minute; and, as there is no leakage of blast 
and no noise whatever, these simple valves appear to 
be the best that can be devised. Flaps of leather have 
been used, but Warne’s mineralised rubber appears to 
be preferred. Drawings of these engines will be given, 
with full details, in a future number of this journal. 

The four engines draw their air from a large main 
in common, which opens outside the engine-house, and 
they send the blast into a single main, supplying four 
furnaces each, through three tuyeres 44 in. diameter. 

Messrs. Cochrane are constructing and erecting for 
themselves two single engines of the same general con- 
struction as those last described, but having 44 in. 





There is not a sutlicient supply 


of easy explanation. 


steam-cylinders, 100 in. blowing-eylinders, and 4ft. 6in. 





stroke. These are for two new furnaces at Ormsby, 
of 23 ft. boshes and 76ft. high. The foundations 
are so bad that a cast-iron engine-house has been 
constructed; at least, the strength of the building is 
obtained from cast-iron columns connected at their 
bases by a bed-plate, and at top by a cast-iron entabla- 
ture, the spaces between the columns being filled in 
with 9 in. brickwork. The engines, it will be borne in 
mind, are entirely self-contained. Messrs. Cochrane 
are also constructing, from Mr. Gjers’s general de- 
signs, two engines for new furnaces near Leeds, 
and of which he is also the engineer. In these 
the 72in. blowing-cylinder is overhead, and the 
32 in. steam-cylinder beneath; the cross head working 
between them and driving the crank, beneath the 
steam-cylinder, by a pair of connecting-rods, one on 
sach side of the cylinder. The stroke is 4 ft. 6in. 
9 in. piston-valves are to be used for the steam cylin- 
der. Jnorder the better to counterweight the pistons, 
the steampiston-rod has a trunk around it ofa fewinches 
diameter, so that the areas for the pressure of steam on 
the two sides of the piston shall be in such proportion to 
sach other as shall allow for the full weight of the 
parts to be raised at each up-stroke. The engines, like the 
others described, will work at a good speed, and hence 
a pair of moderate-sized fly-wheels answers for each, 
giving a very nearly uniform motion. 








THE FIRST PASSENGER RAILWAY. 

Ir is a little more than forty years since George 
Stephenson’s engine, “ Locomotion, No. 1” — built 
five years before the Rocket, and still preserved uport 
a mound in front of Darlington Station — opened 
the railway thence to Stockton, a railway which, since 
its extension to Redcar, has become the channel of a 
mineral traffic of upwards of five million tons yearly, 
Now a part of the North-Eastern Company’s system, 
this line has, within the past few years, had such a 
traffic thrown upon it, as was, perhaps, never before 
known in railway history. At one time, the whole 
resources of the line could not bring ironstone fast 
enough to Eston and to Middlesboro’ from the east, 
and coke from the west. Now, however, the 15,000 
old chaldron wagons, with cast-iron wheels and inside 
journals, and which have neither bearing nor buffer 
springs—wagons which could carry their three tons 
very well at 10 or even 15 miles an hour—are being 
superseded by 5 ton trucks, carrying 10 tons each, 
and having, of course, wrought-iron tyres, outside 
journals, bearing-springs, and spring-buffers. Forty- 
five of the old wagons were held to make a good 
train, but they carried in all but 150 tons of ironstone, 
whereas twenty-four of the new wagons carry 240 
tons, and run at increased speed, with about the same 
amount of engine power. Indeed, the old wagons 
could not be run with safety at the speed which the 
passenger traffic of the line often required, whereas the 
new trucks could be run, if necessary, at 35 miles an 
hour. At many of the blast furnaces the hoists have 
been designed to take the heavier trucks to the tops of 
the calcining-kilns, and all not yet adapted for such 
loads will soon be altered. 

The ironstone traffic has required very largely in- 
creased engine accommodation at Middlesboro’, and 
two adjoining circular sheds are nearly ready for open- 
ing, each having twenty-four pits with a 48 ft. turn- 
table in the centre, these large tables being open to 
the sky. 

The fine new passenger engines made by Messrs. 
Robert Stephenson and Co. for this line, and having 
outside horizontal cylinders, four coupled 7 ft. wheels 
and a bogie, are in striking contrast with many of the 
old engines of Timothy Hackworth’s time, yet at work 
shunting about the stations. These have boilers with 
a central flue, serving as a firebox, like the flue of a 
Cornish boiler, while the products of combustion re- 
turn on either side, by a number of small tubes, a 
saddle smokebox being fitted over the firedoor, and 
the chimney being placed above. These engines have 
a tender for coal at the firebox end, and another for 
water at the opposite end, the tender-frames being of 
wood. The engines have six coupled cast-iron wheels, 
with wrought-iron tyers, and have outside cylinders 
very steeply inclined. Other engines have the same 
arrangement of cylinders and wheels, with boilers of 
the usual construction. 





Piompaco Crurcisies.—Notwithstanding their greater 
first cost, plumbago crucibles are fast superseding clay melting 
pots in the brass foundries of nearly all the engineering — 
in the kingdom. Among the works which we have recently 
visited where they are in use are the Yorkshire Engine Works, 
Messrs. Bolekow and Vaughan’s, of Middlesboro’, &c., but 
scores of other large establishments also use them, including 
Messrs. John Penn and Son, and the principal London engimeers- 
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THE UPLEATHAM IRON MINES. 

Our globe must have cooled like'a great casting, 
and the ridges and wrinkles, which we term mountains 
and valleys, could only have been produced by “ buck- 
ling” in cooling—buckles which rise and sink hardly 
more, in proportion to the great terrestrial diameter, 
than those which would attend the casting of an 8 in. 
shell in an iron-foundry. Among these buckles upon 
the surface of our own island are the Cleveland hills, 
and if geology proves anything, it is that these swellin 
heights, with their great upheaving of the upper an 
lower lias, with the intermediate seam of ironstone 
which has already added millions to the wealth of Eng- 
land, were once beneath the sea. Hundreds of feet 
above the level of the sands at the quiet little fishing 
village of Redcar, and looking far over the German 
Ocean, is the outcrop of this vast layer of the mineral 
which, next to coal, forms the greatest material trea- 
sure of the British nation, and yet, filled as it is with 
ammonites and all the fossil inheritance of former 
organic life, we know that the whole must have once 
been a submarine plain. Along the northern face of 
the Cleveland hills are several ironstone mines—those 
at Eston, opened up by Bolckow and Vaughan in 1850, 
and, further east, the Upleatham mines, worked by 
those wide-awake Quakers, the Peases, of Darlington, 
under a lease from the Earl of Zetland (whose amiable 
Countess was buried only last year, within sight, in 
the church of the little village of Marsk), and which 
mines turn out considerably more than a million tons 
of ironstone yearly, the total quantity extracted from 
the Cleveland hills being nearly four million tons a 
year. 

“ The Cleveland main seam—and we walked three 
miles, on Monday last, up to our ankles in wet clay 
lanes to see it—crops out at a thickness varying from 
8 ft. to 18 ft. all the way from Eston, near the Tees, to 
the face of the hills near Saltburn, and thence with 
a diminishing thickness southward, running out at the 
intermediate valleys, and running in again on the op- 
posite faces, although thinning, all the way to Whitby, 
and in some places splitting into two or more seams. 
This ironstone contains from 10 to 15 per cent. 
of aluminia, and is, therefore, an argillaceous ore, only 
exceeded, perhaps, in respect of its properties as a 
clay stone, by the ironstone from near Belfast, carry- 
ing from 20 to 30 per cent. of the same constituent. 
So, also, it contains a good deal of carbon, and, what 
is more to the purpose, it contains from 25 to 35 per 
cent. of iron, and may be set down as a 31 per cent. 
average stone, of which 34 tons go to the ton of pigs. 

This Cleveland stone looks like any common road 
metalling, just as does that most valuable fire-resisting 
material, ganister, whose virtues were hardly known prior 
to its discovery under the discipline of Mr, Bessemer’s 
“converters.” On calcination, the ferruginous cha- 
racter of the Cleveland stone becomes at once mani- 
fest. Indeed, it needs a good dose of oxygen to make 
out that it is ironstone at all. It is a stone contain- 
ing a good deal of phosphorus, the iron made from it 
containing 12 per cent. or more of phosphoric acid. 
This is fatal to its conversion by the Bessemer process, 
and it signifies a hard, cold-short iron, as nearly all 
the Cleveland iron is, unless mixed with other brands 
in the foundry. Yet the phosphorus can be taken out 
toagreat extent in puddling, not by fettling the fur- 
nace with calcined tap cinder, or “bulldog,” as it is 
called in South Staffordshire, but with pure magnetic 
oxide of iron. ‘The tap cinder of the Cleveland pud- 
dling furnaces contains both sulphur and phosphorus. 
The former can be roasted out by calcination, while 
the latter cannot be. And thus, if calcined phospho- 
rised tap cinder be used for fettling furnaces working 
phosphorised iron, it will not purify it ; but if Mr. Snow- 
don’s, or anybody else’s, pure magnetic oxide be used, 
it will absorb phosphorus and thus purify the metallic 
iron, 

‘The Upleatham mines, like the others in the dis- 
trict, follow the dip into the hill, starting from the 
outcrop. These are really among the finest ironstone 
mines in the world: none others give better returns 
With such easy and comfortable working. We went 
i half a mile or more, and found nothing greatly 
differing from the interior of the underground railway, 
or the Woodhead tunnel, through which we walked 
less than three weeks ago. The air was pure, the roof 
secure, and the mineral very sure. 

The mines have been worked with from four-yard 
to five-yard cuttings, leaving the same thickness be- 
tween, and now that some of the headings are run 
out, the miners are bringing down the roof and re- 
moving the pillars. They can thus get out all the 
ironstone in the mine within five or six per cent., and 
itis remarkable how little danger they really incur. 
Mr. Cockburn, the manager of the Upleatham mines, 





had them lighted up for a visit of the members of the 
British Association ‘in 1863, and several ladies went 
in. Mr. Cockburn informed all who came that they 
were very nearly, if not quite, as safe within the mines 
as above ground. 

The ironstone is brought up in trucks, which run 
upon railways of 25in. gauge. There are winding- 
engines to draw these, at a brisk pace, out of the 
bowels of the mine, and when the trucks come to grass 
they are taken in tow by little locomotives—some of 
them made by Messrs. Thomas Richardson and Sons, of 
Hartlepool, as long ago as 1852, and are run down the 
95 in. railway to the tipping platforms. These are a 
little way below the openings of the mines, and they 
have “plant” for turning a truck topsy-turvey in 
two seconds, and tipping its contents into valley 
trucks at a lower level. These are drawn up by a 
wire rope, and by the weight of the descending 
loaded wagons, and the arrangement of lines, points, 
crossings, &¢., is as simple as it is ingenious.’ It is 
wonderful how quickly 30 tons of stone are tipped 
into three of the Stockton and Darlington wagons, and 
how easily five hundred of these wagons are got off 
daily. They are let down by their own gravity, 
drawing empty trucks up a long inclined plane, and 
below this they are taken in tow by powerful loco- 
motives, working down to the Stockton and Darling- 
ton line—the power of the engines being exerted in 
preventing the too rapid descent of the loaded wagons, 
and in bringing them back again empty. 

The little locomotives—the earlier ones with tenders, 
and the last, the “ Ammonite,” a tank engine by 
Hopkins, Gilkes, and Co.—work with ease upon the 
rough railway of 25 in. gauge, pulling almost anything 
that can be kept upon the line behind them with 
120 lb. steam. Besides the winding engines, wind- 
ing “corves,” or little four-wheel wagons with 
12in. wheels, out of the mine, there are steel ropes 
worked by the late John Fowler’s clip-drums, one 
driving a winding-drum far in the mine, the other 
driving a pump at a nearly equal distance. For trans- 
mitting power to long distances—and this is a very 
different thing from direct winding—nothing can be 
better than the clip drum and its steel rope, and it was 
a pleasant familiar sight to see one of the Steam Plough 
Company’s portable engines, as exhibited at the Smith- 
field Club Show, quietly at work away up on the side 
of the hill, driving pumps far in beyond where we 
could see; and we were glad to know that Mr. Cock- 
burn, the mining engineer to the Messrs. Pease, speaks 
well of this capital improvement. 

The Upleatham mines underlie the property of the 
Earl of Zetland, who derives a little income of 20,0007. 
or 30,000/. a year from a royalty of 5d. per ton upon 
the stone taken out. This stone now costs about 4s. 6d. 
per ton in Middlesboro’. A few years ago Mr. Samuel- 
son, of Banbury, now M.P. for that town of cakes, and 
who is also a successful agricultural-implement maker, 
went down to Middlesboro’ to an agricultural show. 
He had never, it is said, seen a blast furnace in his 
life, yet, hearing what was going on, he made a con- 
tract with Bolckow and Vaughan to furnish him with 
an unlimited supply of ironstone at so much a ton. 
He put up three furnaces, and afterwards sold them, 
together with his contract, to Messrs. Elwon and Co., 
of the South Bank furnaces, and they now receive their 
ironstone at about 3s. 6d. per ton, or 11s. per ton of pigs 
made, Mr. Samuelson has since erected new. furnaces. 








STAMPING. 


Ir would be difficult to define precisely which 
operations in the blacksmith’s forge are comprehended 
under the general term of stamping. The only con- 
venient explanation of this term is hammering between 
dies or moulds.. The operation of forging between 
dies has become of very great importance in the modern 
iron manufacture, and, from day to day, as our means 
and appliances for working iron become more intri- 
cate and powerful, it gains ground and progresses. 
The stamping-machine replaces the labour of smithing, 
which is essentially manual, and depends upon very 
considerable skill on the part of the workman; it is 
therefore very economical in its results wherever it can 
be introduced to a considerable extent. But there are, 
in many instances, difficulties of a peculiar nature 
in its practical ee The chief condition 
for the economical introduction of the process of 
stamping into any manufacture is the demand for a 
great number of similar articles to be produced from 
one and the same die, so that the expense of producing 
the moulds, which, as a rule, are very costly, may be 
but a small item in the total cost of production. ‘The 
manufacture of small arms, of power-looms, of spin- 
ning machinery, and similar branches of mechanical 


engineering, form, therefore, the most legitimate fields 
for the employment of stamping-machines. The 
simplest machines of the kind consist of an anvil 
with a pair of guides bolted on to it, and a block, 
which can be lifted and which drops down 
between the guides. This arrangement is employed 
to form the staple articles for many of the manu- 
factories in Staffordshire and elsewhere, for the 

roduction of keys, parts of locks, and similar objects. 

or larger articles the stamping machines are worked 
by steam power, and the form originally made by 
Messrs. Nasmyth and Co. is in very general use, and 
works very well in practice. A single-acting steam 
cylinder is placed on the floor by the side of the stamp- 
ing machine, and the piston is connected to the block 
by a chain which passes overa pulley. For articles of 
larger size the steam-hammer is employed. The 
moulds are in some cases fixed upon the anvil and to 
the hammer, but it is more common to lay the upper 
mould upon the article, and strike it with the hammer 
face, this plan allowing of a greater nicety of adjust- 
ment. For small articles the moulds are made of steel, 
and are expected to. have great durability. In the 
case of the larger forgings, steel moulds would come to 
an enormous expense, and it is therefore preferred to 
use cast-iron dies. These are liable to be broken by 
the blows of the hammer, or sometimes even by un- 
equal expansion, and they thereby increase the cost 
of stamping with the steam-hammer to a great extent. 
The dies must be made so as torelease the finished article 
with the utmost facility. This, to some extent, depends 
upon the shape of the article, and it is always a considera- 
tion in the design of the article itself; but, with a given 
shape, it depends upon the method of dividing the 
labour upon the number of dies employed successively, 
and upon the proper removal of all surplus metal. It 
is but very rarely that articles of intricate shape are 
finished in one die only, the general method being to 
employ two or three moulds in succession each bring- 
ing the material somewhat nearer to its ultimate shape. 
It is very frequently required to remove the fins which 
are formed by the surplus metal, and which would 
interfere with the action of the following dies. In the 
manufacture of gunlocks, some parts have to pass 
through five or six successive stamping operations 
before they are finished in the rough. To decide how 
many moulds an article is to pass in succession is a 
matter of practical judgment rather than of scientific 
reasoning. There must be a sufficient opportunity 
given to the metal to accommodate itself to the shape 
into which it is to be brought; the action of the dies 
should be, as far as practicable, uniform over the whole 
mass, and the displacement of material should be as 
nearly as possible equalised. For setting out stampi 
dies it is advisable to make a design of the finishe 
article, and to draw the outlines of the rough block 
over it. The spaces between the outlines of the rough 
and of the finished article show the displacement of 
material. They should be as nearly as possible symme- 
trical ; abrupt corners and bends should be avoided, 
and should not exceed the size which the quality of the 
iron or steel under treatment is known to allow. 

There is another very promising method of studying 
the action of dies, viz., by observations upon the 
chenges in form which a pile of lead plates will under- 
go when exposed to their action. This is the ingenious 
method of investigation followed by M. Tresca, in 
his researches on what he called “the flow of solid 
bodies,” and which have been already described in 
ENGINEERING (vide vol. i., page 167). The alterations 
of the superposed layers of lead, when brought between 
the dies, would indicate the nature of the movements 
which take place throughout the mass operated upon, 
and would point out the places in which to ease the 
exit of the material, and those in which the pressure 
is applied to most advantage. Such means for assist- 
ing the judgment in the shaping of dies for stamping 
are of the utmost value at this present stage of our 
iron manufactures; their absence has caused many a 
failure, and thrown many a useful invention into dis- 
repute and disuse where success might have been 
obtained, and is yet to be arrived at by a more careful 
consideration of the requirements and of the nature of 
the materials operated upon. 








Sreev Rarvs.—The Haymarket tunnel of the North British 
Railway is one of the worst portions of the whole line for wear 
of rails, Gangs of men are taking out and turning rails every 
Sunday, and at least se fortnight a broken rail is found, The 
engineer of the line, Mr. James Deas, has urgently pressed upon 
the attention of the general manager and the directors the 
necessity of relaying the tunnel with steel rails. He has already 
effected large savings in the use of steel at crossings and in 
stations. Mr. Adie put down steel rails five years ago last month, 
at Cowlairs, and at Queen-street, Glasgow, and they are still in 
fair order, although iron rails had regularly worn out, at both 





places, in twelve months. 
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ENGINES OF THE SALOON STEAMBOAT “MEG MERRILIES.” 


CONSTRUCTED BY MESSRS. A. AND J. INGLIS, ENGINEERS, GLASGOW. 
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MIDDLESBORO’-ON-TEES. 


Nor long after George Stephenson had finished the 
Stockton and Darlington Railway, it was found that 
Middlesboro’, four or five miles lower down the Tees, 
was a better point than Stockton for the erection 
of staiths and for shipping coal. At that time the 
future commercial centre of the now vast iron trade of 
the Cleveland district was merely part of a low and 
lonely plain, stretching from the Tees to the foot of 
the Cleveland hills on the south. There was but a 
single house to be seen, and it was not until the coal 
trade was established that anything like a town grew 
up. Nor did this town thrive remarkably until after 
Mr. Vaughan and Mr. John Marley made the first 
discovery, commercially speaking, of the main bed of 
the Cleveland ironstone, and of its value for smelting. 
This was in 1850, when Bolekow and Vaughan had 
been nearly ruined by the Witton Park speculation, 
and when the prospects of iron-making in South 
Durham and North Yorkshire were most unpromising. 
That ironstone underlaid the hills from the Tees all 
the way south to Whithy was, perhaps, known much 
earlier ; indeed, the Romans, and after them the 
monks, and, in more recent times, various individuals 
have been credited with the discovery long prior to 
1850; but very few in the iron trade believed either 
in the extent or value of this stone until that date, and 
it was commonly turned to no better account than as 
a material for road-metalling. 

The opening up of the Eston and Upleatham mines, 
and the establishment of blast-furnaces on the Tees, 
halfway between Middlesboro’ and Redcar, were 
events of hardly less importance to the north of 
England than was the discovery of gold, by Hargreaves, 
to Australia. -Middlesboro’ now numbers 35,000 in- 
habitants, and seventy or more of the largest furnaces 
ever constructed may now be counted within a length 
of eight miles along both banks of the Tees, by far the 
greater number being on the Middlesboro’ side. 
Although each cluster of furnaces bears a different 
name, even within the limits of Middlesboro’ itself, 
they may all be considered as within that town, 
Eston, Cleveland, South Bank, Clay Lane, Cargo 
Fleet, and Ormsby being merely outlying villages of 
works and workmen on the east, while Port Clarence 
is just across the river, and Newport is only a little 
above. Acklam, Linthorpe, &c., are parts of Middles- 
boro’, as much as Chelsea is a part of London. 


The Stockton and Darlington Railway—now a part 
of the North-Eastern Company’s system—brings the 
iron stone into the town from the east, and the South 
Durham coke from the west. The former now costs 
about 4s. 6d. a ton at the works, and as it contains on 
an average 31 per cent. of iron, this is equal to about 
14s. per ton of pigs made. The supply of the pecu- 
liarly hard and pure coke of South Saten is not 
quite so abundant as that of the iron stone, and the 
former must fail long before the latter. It is the 
great hardness of this coke which has enabled the 
Cleveland ironmasters to run up their furnaces to 
heights of 60 ft., 70ft., 80ft., and, as at Cleveland, 
even to 95 ft., while two furnaces soon to be blown in 
at Ferry-hill, some miles to the north, are 102 ft. high. 
It is the great purity of this coke which maintains for it 
a constant demand among iron-founders all over Eng- 
land, and even on the Continent; it is, we believe, the 
only coke burnt on the underground railway, as it 
gives off little or no sulphurous acid ; and it is almost 
the only coke used in the great hematite furnaces at 
Barrow-in-Furness, making iron for conversion by the 
Bessemer process. So wide is the demand, and it has 
increased so rapidly, that where coke was worth 11s. or 
12s., in Middlesboro’, only three years ago, the best 
is now worth 14s. 6d. But as coke has risen in price, 
its use has been economised by improvements at the 
ironworks ; and where it once took two tons of coke 
~ ton of pigs, Messrs. Lloyd and Co.’s large new 

urnaces at Linthorpe consume but from 21 cwt. to 
22ewt. The furnaces have been made higher to take 
up more and more of the heat; the blast, once heated 
to 600°, is now carried to 1100°, and sometimes to even 
more ; all the gas has been taken off, and employed to 
heat the stoves and the boilers, so that little or no 
coal is used for those purposes, and the cost of attend- 
ance and working has been economised to the utmost 
by mechanical appliances. Twelve years ago Cleveland 
pigs sold at 80s., and left, say, 20s. profit. Nowa 
good deal of iron of the district is sold at 46s., and 
even this price, we suppose, leaves some profit. 
Labour, however, is dear, aud the cost of living is, in- 
deed, high in a town that has risen so rapidly as 
Middlesboro’. The Peases of Darlington, Richard- 


son, and Birkbeck, and Gurney, of Norwich, bought 


the whole site of the town many years ago, and the 
will not part with building-ground except at high 
figures. The style of buildine, too, is much more 
pretentious than in the seats of the Welsh, Stafford- 
shire, and Lanarkshire iron manufactures, and rents 
are high; so high, indeed, that were Middlesboro’ 
enfranchised, nearly every householder in the town 
would have his vote. Our readers need not be told 
what have been the recent difficulties from strikes, and 
it is only this week that the men are resuming work 
in the Middlesboro’ rolling-mills, after having been 
out nineteen weeks. The contract men previously 


the workmen have made more moderate earnings. Many 
of the contract hands in the rolling-mills have made 
3007. to 400/. a year, and one has been pointed out to 
us who, while wearing fustian, has earned his thou- 
sand a year. Itis men of this class, and not the pud- 
dlers, the latter earning from 2/. to 3/. per week, who 
have been at the bottom of the strikes. 

There is no flame from the top of the great fur- 
naces in and about Middlesboro’, except when a charge 
is being let in, and when for a few seconds the charac- 
teristic blaze of furnace gas flashes against thesky. At 
any other time they might be supposed to have been 
blown out. At South Bank, where there are nine 
furnaces in a row, six of them form a colonnade of 
Cyclopean towers, the stage forming a lofty entabla- 
ture, and the whole, viewed at night, have all the 
mighty yet sullen grandeur of the pillared ruins of 
Hindoo or Egyptiag architecture. When, however, a 
night cast is seen, and from 20 tons to 30 tons of metal 
—and some of the furnaces average nearly 350 tons 
a week—comes pouring into long lines and ranks of 
fire, throwing a glare of golden light far aloft and 
around, the true greatness of these temples of Vulcan 
is seen by the eye and realised by the mind. 

There are other works than blast furnaces and 
rolling-mills. Messrs. Hopkins, Gilkes, and Co.’s 
engine works have turned out in all upwards of 225 
locomotives, many of them of over 30 tons weight, and 
of good design and construction ; and the same works 
have executed large orders for bridges, &c. There are 
three ship-building yards in and near Middlesboro’, 
two turning out iron ships exclusively, although little or 
|nothing is doing at present. Messrs. Cochrane, Grove, 
and Co.’s foundry, at Ormsby, to which we have re- 
ferred upon another page, is one of the largest in the 
kingdom, making 600 tons of pipes and other castings 
a week. Messrs. Bolckow, Vaughan, and Co. have 
turned out a great deal of heavy machinery also, in- 
cluding a number of blowing engines for their own 
and other works. And there are very large new 
works in operation for making sulphuric acid, artificial 
manure, &c. f 

Not only is the town laid out upon a comprehen- 
sive plan, but the buildings are in appearance at least 
beyond those of most other seats of the iron trade. 
There are fine churches, handsome shops, a new 
theatre just opened this week, a well-built and well- 
arranged infirmary; and a fine exchange has been 
begun, the estimate being 30,0007; -Mr. ‘Bolckow has 
lately presented the town with sixty acres of ground 
for a park, to be named, by permission of her Majesty, 
Victoria Park. The town is well lighted with gas 
and stands well for drainage. The water is brought 
from above Darlington. At first a 9in. main was 
laid into the town, soon after a 14 in. main was 
put down, and now a line of 30in. pipes has been 
added, bringing very. soft water, a we are told, 
very pure, although it was this week tinged with 
peat in consequence of the heavy rains. Much of 
the ground near the Tees lies low, and is covered 
with water at high tides. But there are literally 
millions of tons of furnace slag produced yearly, and 
much of this is being tipped within the town, while 
a thousand tons a day have been taken away to form 
the vast breakwater at the mouth of the Tees, jut- 
ting out from the south shore near Redcar, and from 
the north a few miles inland from Hartlepool. The 
railway has been open for some years to Redcar, 
and has since been extended to Saltburn-by-the-Sea, 
already a charming spot, and destined, no doubt, to 
become the Brighton of the Cleveland district. 

When all the furnaces are in blast, the Cleveland 
district produces at. the rate of a million tons of 
iron yearly, and this quantity requires that over five 
million tons of materials be brought into the town, 
besides the pigs going’ away. e latter mostly go 
inland, although large quantities are sent by sea to 
Wales, of all places, where the Cleveland iron is 
largely used for making rails, for which it is pecu- 
liatly fitted by its strength and hardness. As to how 
far the Cleveland trade may extend we will hazard 





made enormous wages, although the great body of 


no speculation, but there is no reason to suppose 
that, with literally thousands of millions of tons of 
iron-stone under the Cleveland Hills, Middlesboro’, 
with its streets of new houses racing away on all 
sides, is yet half done growing. 








THE INDUS FLOTILLA. 


In May last, one steamer and two barges were 
shipped from Messrs. Laird Brothers’ Birkenhead 
Ironworks, which had been constructed by that firm 
for the Scinde Railway Company, for employment on 
the river Indus; and a Pana yt hail and two other 
barges, of precisely similar form and dimensions, are 
now approaching completion, the hulls, as well as the 
machinery, having been made by Messrs. Laird. 

The steamers are of a total length on deck of 220 ft., 
and at water-line, 212 ft. ; breadth of beam, 28 ft. ; depth 
at side, 8 ft.; and burden, 816 tons,O.M. They have 
upright stems and elliptic sterns, and the model has 
been designed with a view of obtaining a high rate of 
speed; they will tow two barges, one on each side 
een of the paddle-boxes, and will also carry cabin 

assengers, accommodation for whom is provided 
hen The decks are flush, and from the stern, and 
as far as the fore end of the forward sponson-house, 
they are covered by a wooden awning supported by 
light iron frames, from which hanging canvas curtains 
extend to the rail; there is also a canvas awning hung 
ata distance of about 15 in. below the wooden one. 
These together form a good protection from the heavy 
rains and excessive heat, at the same time giving a 

romenade deck more airy than a regular deck- 

ouse. The draft of water of these steamers is 3 ft. 
6 in., with from 50 to 60 tons weight on board, and 
the speed in still water, without the barges, about 15 
statute miles per hour. For the length of the — 
and boiler rooms, and cargo-holds, two longitudinal 
bulkheads (dividing this part of the vessel into three 
compartments) extend at about 8 ft. from the middle 
line, and are connected at the bottom to the side keels, 
and above to the longitudinal deck tie-plates; at the 
fore and aft ends of these spaces they are also kneed 
against the athwartship bulkheads, thus giving ad- 
ditional strength and rigidity. Besides these, each 
steamer is divided into ten water-tight compartments 
by nine athwartship iron bulkheads. One or more of 
these compartments being filled with water by striking 
on a rock, or other accident, would not materially 
affect their buoyancy. The sponson-houses are fitted 
up as bath-rooms, lavatories, water-closets, &c. The 
inside of both houses and. paddle-boxes’ ate formed of 
iron plate, along- the top end of which runs a girder- 
plate, which curves down, and is extended well forward 
and aft, and secured to the covering-plate and steer- 
strake of outside plating. dics 

The engines consist of two diagonal oscillating 
cylinders placed side by side, having a diameter of 
48 in. with 4 ft. 6in. stroke. There are two boilers to 
each vessel, one being placed before and the other 
abaft the engine; they are of the ordinary horizontal 
tubular form, with iron tubes. The paddle-wheels are 
on the ordinary radial plan. ; 

The barges are of the following dimensions : length 
on deck, 186 ft.; length at water-line, 180 ft.; beam, 
22 ft.; depth at side, 8 ft.; and 429 tons burden. They 
will carry about 170 to 180 tons of cargo with a 
of water of 3 ft. 6in., and about 50 tons more on 4 ft. 
draft. The decks are strongly supported to heavy 
deck cargoes, and the holds are particularly well venti- 
lated, and arranged to carry troops if required. The 
barges are divided into five water-tight compartments 
by iron bulkheads, and have double canvas awnings 
fitted from end to end with curtains down to rail. 

The hulls of the vessels are built of iron of a very 
superior quality, and the different parts are so arranged 
as to obtain strength with lightness. Bessemer cast 
steel is introduced in some parts, viz., centre keel, 
steer-strake, and covering-plate, the thickness of the 
steel being kept the same as is usually fitted of iron. 
The boats, on completion, are taken to pieces, and 
sent out in sections, for re-erection at Kurrachee. 








THE weight of marble averaging 170 1b. per cubic foot, that 
of granite is 1653, and of British chalk 174 lb. in the solid state, 
per cubic foot. ite i 

A strona blast of air, discharged from a pipe within a sliort 
distance from a flat surface, will not repel, but will attract any 
object placed in the intervening A blast of air once 
made to discharge against a wall in the late Mr. Roberts’s i 
at Manchester, would not repel a board which had been appli 
as a valve, but, on the contrary, attracted it to the pipe. It has 
been suggested that safety-valves are sometimes attracted to 
their seats in the same way when a thin annular discharge of 
steam is going on under their edges. 
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THE ROYAL SOVEREIGN. 


In our number for the 22nd of June last, we gave 
a description of the turret-ship Royal Sovereign, to- 
ove with an account of the experimental firing 

irected against her after turret by one of the 9 in. 
guns of the Bellerophon. Since that time the Royal 
Sovereign has been taken into the Portsmouth Dock- 
= to have the injured turret repaired, and advantage 
been taken of the opportunity thus afforded to 
introduce some slight improvements in its construc- 
tion. As stated in the description to which we have 
already referred, the turret was, like the others 
om board the vessel, covered at the top with $ in. 
plates, these plates not extending quite to the outer 
circumference. In some of the turret-ships, more 
recently constructed on Captain Coles’s principle, 
the covering plates have not only been carried over 
the whole of the upper surface of each turret, but 
have been bent down round the edges so as to assist in 
holding the armour plates in their places; in the case 
of the Royal Sovereign, however, this was not done, 
and it was accordingly found that, when some of the 
upper bolts of the armour plates had been broken, the 
plates themselves had a tendency to fall outwards. To 
remedy this, each turret is now being fitted with 
brackets of an “]-shape rivetted down to the top cover - 
ing plates, so that the vertical arms or claws of these 
brackets extend downwards outside the side armour 
plates, and thus tend to hold the latter in their places 
wedges being driven in between the armour plates and 
the claws of the brackets. 

In the case of the after turret, also, the mode of 
supporting the top covering-plates has been altered. 
Formerly these plates were carried by a series of 
strong angle-irons placed parallel to each other 
across the top of the turret, but now these angle- 
irons have been replaced by a central iron ring about 
7 ft. 6 in. in diameter, from which I-iron beams radiate 
to the sides. The central ring is sufficiently large to 
allow of the gun or carriage being lifted up through it, 
and it is fitted with a frame, which, with the plates 
which cover it, is independent of the covering of the 
remainder of the turret, and can be removed separately. 
The thickness af the roof-plates has also been increased 
from + in. to } in. 


Where the turrets pass through the upper deck of 
the vessel, a clear space of 2 in. is left around each of 
them, and, to prevent leakage through this space, each 
turret was originally fitted with a single leather flap 
or ring secured to it, and bearing upon a faced plate 
secured to the deck, the outer circumference of the 
flap being loaded with lead to keep it down. These 
flaps were, however, found to be insufficient to prevent 
the passage of the water, and they were therefore fitted 
with a series of cast-iron segments to keep them down. 
The segments, being long, were, however, found to 
prevent the flaps from accommodating themselves to 
the varying curve of the deck of the vessel as the 
turrets revolved, and they have therefore been replaced 
by shorter ones, thickened at the outer edges, so as to 
tend to keep the flaps down, whilst the flaps themselves 
have been made of double, instead of single, leather. 
These modifications have effected the desired object, 
and a very good water-tight joint is now obtained. In 
ease of any leakage taking place, however, a light spout 
has been secured round each turret-hole in the upper 
deck, between the latter and the turret, and in these 
spouts any water which may find its way under the 
flaps is received, and is conducted by suitable pipes to 
to the bilge. 

Another addition which has been suggested by experi- 
ence, is the attachment of a “‘flash-plate” to each turret, 
the “ flash-plate” being merely a piece of boiler plate 
so fixed to each turret below the porthole, that it 
projects over the leather flap just mentioned, and pro- 
tects it from the flash of the gun when the latter is 
fired. Before these “ flash-plates” were fixed, it was 
found that at each discharge the gas escaping from the 
gun tore up the flap in the ueighibarhood of the port- 

e. To prevent this, the flep was protected tem- 
porarily by boiler plates laid upon it, and eventually 
these were rendered unnecessary by the addition of the 
“ flash-plates” which we have described. 

It does not seem to be generally understood that, in 
the case of Captain Coles’s turrets, the guns are pointed 
by the aid of two sets of sights fixed on the tops of the 
turrets themselves, the man in charge of each gun 
putting his head through one of a pair of manholes 
provided in the covering plates for the purpose of 
taking aim. The sights on the top of each turret are, 
of course, accurately set to agree with the line of the 
gun below, and the plan has the advantage of giving 
the man training the gun a clear view of the object to 





be fired at. The edge of the turntable on which each 
turret rests is divided out into degrees around its cir- 
cumference, and a pointer or index finger, hinged to 
the upper deck, being provided, the gun ean be .o 
set to fire at any desired angle with the ship’s keel. 
As we stated in our former description, the turrets are 
turned by the aid of gearing worked by hand labour, 
and each turret is provided with two independent sets 
of gearing, so that in case of accident happening to 
the one, the other may be available. Speaking-tubes 
are provided to communicate the orders of the officer 
who is “fighting the gun” to the quartermaster in 
charge of the men at the turning gear. 








THE ORMSBY FOUNDRY. 

Messrs. Cocurane, Grove, and Co., of the 
Ormsby Foundry, Middlesboro’, and at Woodside, 
Dudley, are among the largest, if they are not quite 
the largest, founders of iron pipes in the world, the 
first-named establishment turning out 600 tons of 
castings weekly. These works were erected about twelve 
years ago upon a marsh which was awash at every 
tide, and where, therefore, a great deal of filling was 
necessary in order to make a proper foundation. 
They adjoin Messrs. Cochrane’s blast furnaces, as 
also those of Messrs. Gilkes, Wilson, Pease, and 
Co., and are on the south bank of the Tees, where 
they can receive iron (and much is brought from a 
distance) or ship goods with every convenience, vessels 
lying in deep water alongside, afid loading or dis- 
ch arging by a number of powerful travelling cranes. 

Pipes, we need hardly say, are cast vertically; 
and a number are cast, at all large works, in a 
group. At the Ormsby Works the moulds of each 
group are quickly dried, as follows: A horizontal 
blowing -engine forces air through mains nearly 
12 ft. below the foundry floor, and having openings 
in the bottom of each pit within which the moulds 
are placed. Over the opening into each pit is a grid- 
iron basket of burning coke, and over the top of the 
pit a bonnet of plate iron is let down, having a small 
opening for the escape of the heated air. By thus 
Moving hot air among the moulds they are quickly 
dried. 

The cores for the larger sizes are made upon Coch- 
rane’s contracting core-bars, patented a few years ago. 
These bars are of iron, comparatively light, and 
need hardly more than Zin. coating of loam. This 
slight thickness quickly dries, and thus less than 
half as many bars are required as where a considerable 
thickness of loam is epplied, and which takes a very 
much longer time to dry. The contracting cores fit 
accurately and concentrically at the bottom of the 
mould, and are adjusted concentrically by distance- 
pieces at the top of the mould; and when the casting 
is set, they can be contracted from }in. to }in. in 
diameter, according to the size of the core, and thus 
be easily withdrawn. Before the contracting core- 
bars were used, the cores were bound with hay-bands. 
Hay rose to 7/. 10s. per ton, which was, of itself, a 
consideration of some importance; and, unless the 
bands were wound very hard and close, the weight of 
the metal, in pouring, forced in the surface of the core 
irregularly, forming circular ridges within the pipe, 
thus causing increased friction in the case of water- 
pipes. In any case the hay-bands required an inch or 
more of loam over them to make a smooth core, and 
this required a long time to dry. 

The iron is melted in cupolas blown by fans in the 
usual manner, the advantages of rotary blowing-ma- 
chines not being yet recognised in the north. 

Nearly all the cranes—and there are many—are 
driven by gearing from the engine, and are thrown in 
and out of gear by a simple friction-clutch, each crane 
having its quick and slow gear, some of the cranes 
having an oscillating steam cylinder working directly 
on the purchase gearing. A fixed link works the 
valve by the motion of the cylinder to and fro past it, 
and the link may be reversed upon a central pivot, 
so as to reverse the motion of the crane gearing. We 
saw one of these cranes lowering a ladle containing 
34 tons—one of two for pouring a 6$ ton pipe 10$ ft. 
in diameter for the Metropolitan Main Dusenge 
Another order, upon which the works have just en- 
tered, is for 6000 tons of 34 ft. pipes for the Calcutta 
Waterworks. 

Every pipe made is tested by water pressure equal 
to 200 ft. head, and, if required, to a greater pressure 
up to 400 ft. head. Each pipe is then heated and 
dipped in coal-tar, and, in the case of spigot and 
socket joints, these are afterwards rapidly turned and 
bored by simple but powerful machinery. 


THE AMERICAN “WALKING-BEAM ” 
ENGINE. 


Wuen, at the commencement of the present century, Ameri- 
can and English engineers almost simultaneously commenced in 
earnest the work of solving the problem of steam navigation, 
although both adopted the paddle-wheel as the means of propul- 
sion, their views as to the proper construction or arrangement of 
the engine seem to have widely differed. This was doubtless 
owing to the very different character of the waters to be navi- 
gated. In England, with an extensive sea coast and compara- 
tively small and short rivers, it was necessary that the vessels 
and their engines should be suitable for sea service; while in 
this country, with its great rivers and ———— less neces- 
sity for coastwise or sea communication, the main object to be 
attained was that the vessels and engines should be in the best 
possible degree adapted for smooth-water navigation without so 
much regard to any other service. ‘ 

The only steam-engine in use —- to that time, for pro- 
ducing rotary motion, was one of English construction—a modi- 
fication of the older pumping engine, having the cylinder 
arranged under and the piston-rod attached to oneend ofa 
lever, or, as it was called, the beam, and the crank arranged 
under and connected with the opposite end of the beam. This 
engine was the prototype of the American ‘ walking-beam” 
engine. It was assumed without proof by the English engineers 
that this engine, by reason of its great height, which it was sup- 

d would produce what is termed in seamen’s parlance “ top- 

per,” was altogether unsuitable for navigation; and much 
ingenuity was displayed in attempts to produce an engine ot 
more suitable form, the weight of which would be brought much 
lower in the vessel; and finally what has been ever since known 
as the “side-lever” engine was adopted. For many years no - 
other form of engine was used for navigation ; and notwithstand- 
ing all attempts to supersede it by the various forms of direct~ 
action engine, of which the oscillating-cylinder kind has been 
most prominent, the side-lever is still to be found on some of the 
newest and best examples of English ocean steamships now 
afloat; and we have never known of the beam engine having 
been successfully used in an English steamer. 

On the other hand, the American engineers—commencing 
with Fulton—at once adopted the beam engine, as they found it 
in English workshops; and the first engines used for our river 
navigation were imported from England. The manufacture of 
engines was soon begun in this country ; and this form of engine, 
with considerable modifications and changes of detail and pro- 
portions, which gave it a distinctive character, came to be 
adopted universally for all boats propelled by steam on the low- 
pressure or condensing system on American waters; and for 
many years no very essential change has been made in what is 
now known—the world over—as “the American steamboat 
engine.” The builders of our first Transatlantic steamers, fol- 
lowing the example of the English builders, adopted generally 
the side-lever engine. Some few paddle-wheel steamships, how- 
ever, were fitted with oscillators, which were preferable on 
account of their being — and occupying less room; but 
after a few years both side-levers and oscillators gave place to 
the walking-beam engine just as it had been used on our river 
steamers. All our newer paddle-wheel steamships, except those 
of the navy, are fitted with this engine; and experience has so 
thoroughly convinced our marine engineers of its superiority to 
all other forms that there is no probability of any other form 
being substituted for it for many years, at least. " 

We do not know that wecan specify its peculiar merits much 
better than has been done by an English writer* recently in this 
country, who says: . : 

“I do not think it possible to design an engine more admir 
ably fit for its use and purpose, under the circumstances where 
it is applied. In this country there is not a single engine which 
can be said to be entirely english, and pre-eminently suited to 
any one purpose. The American walking-beam engine, on the 
other hand, is universal in the States, and acknowledged to be 
best suited to their eastern river navigation. I think it will be 
admitted, therefore, that the permanence of this kind of engine 
in the American steamers must be held as prima facie proof of 
its excellence, and that it is entitled to our respectful considera- 
tion, and likely to reward our careful study. 1 have examined 
the structure in the best workshops of America, and have 
watched its practical working in their best steamboats. I have 
satisfied myself that it is cheaper in construction, lighter im 
weight, more economical in management, less costly in repair, 
more durable, and better suited for high speed than any of our 
own engines would be.” aie ; 

We will simply add that the elevated position of the beam— 
so far from producing the “ top-hamper ” so feared by the Eng- 
lish shipbuilders—tends rather, in the engine as now propor- 
tioned for our ocean steamers, to counterbalance the weight of 
the parts below, and give greater steadiness to the vessel; and 
further, that it is the only form of engine which has ever been 
used singly in sea-going steamers with perfect success. Its effi- 
ciency in the latter respect is so far proved that all the newest 
paddle-wheel steamships in our merchant service—some of them 
the largest paddle-wheel steamships afloat—are fitted with but 
one engine.—American Artisan. 








Waen steam of 200 Ib. pressure and upwards per square inch 
is blown out from a boiler, its expansion, and the consequent 
conversion of its sensible into so-called “latent” heat is so rapid 
that the hands may be held in it, and, so far from scalding, it 
will hardly feel warm. A fact which may appear even more 
singular is that the water, also, on its discharge from under 
this great pressure, is hardly “ blood warm,” although its tem- 
perature in the boiler, a moment before, might have been 379 
or 400°. A 

THE accumulated expansion of the rails in the line between 
London and Aberdeen, 550 miles, would amount, at the highest 
summer temperature, to nearly one-fourth of a mile, as com- 

d with the length of the same rails during the coldest 


weather of the present winter. 





(* Mr. Norman Scott Russell.—Eb. E.] 
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WaeerN RAILWAY OF QUEENSLAND (FAIRLIE’S PATENT). 


D rcTED BY MESSRS. JAMES CROSS AND CO., ST. HELEN'S. 
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REVOLVING CUTTERS. 

A visit to the Enfield or Birmingham small arms 
factory, to Messrs. Platt Brothers’ extensive works in 
Oldham, or to some other similar establishments, can- 
not fail to impress the mind even of the most super- 
ficial observer with the peculiar character which the 
application of revolving cutters gives to any engineer- 
ing shop in which this kind of cutting tools is largely 
introduced. The milling-machine being a so-called 
universal tool for producing regular and, more or less, 
irregular shapes * means of revolving cutters, it 
follows that the workshop will contain only one type 
of machines, varied only in size and power. There 
are nothing but milling-machines to be seen as we pass 
from room to room, through a factory for interchange- 
able small arms—machines of one general design, only 
exccuted to different scales, and with some slight 
special additions or omissions in one or the other. 

he method of working these tools also bears a special 
character. It requires the utmost division of labour 
in order to arrive at the great repetition of work which 
is indispensable for the action of the milling-machine. 
The difference between a common cutting tool and a 
milling tool lies in their principle of action. The sur- 
face produced by cutting is the counterpart of the road 
travelled over by the cutting edge in the relative move- 
ments of the tool, and the object operated upon. The 
form given to the article in the lathe, or the surface 
produced by the planing-machine, is identical with the 
total succession of all the positions which the edge of the 
cutting tool has had upon the superficies of the article 
produced. The drill, also, as long as it is used for 
simple boring, although it is a “revolving cutter,” does 
not act as a milling tool, since the cylindrical surface 
bored out by its cutting edge is identical with the 
road travelled through by this edge. Only, in case of 
a drill being used for mortising by receiving a travers- 
ing motion laterally, the drill is transformed into a 
milling tool, its action is changed, and in good practice 
the form and position of the cutting edges or points 
of the drill must be changed also. The milling tool 
acts by a repetition of independent cuts; the surface 
produced by it bears to the surface travelled through 
by the edge the relation of a tangential line to a circle, 
each cut as’ it is taken upon the material, instead of 
forming an element of the surface to be produced, is 
an element of a circle to which that surface is tangen- 
tial. From merely theoretical reasons, it would there- 
fore appear that the milling tool will produce less per- 
fect work than the plain cutting edge, and this re- 
mained an accepted truth for a considerable length of 
time. The practical advantages of milling, however, 
by degrees overcame the prejudice. It may be said 
without injustice to the successful efforts made in this 
direction in England, that we are indebted to American 
machinists for the milling-machine, and its present 
widespread application. In the form in which the 
revolving cutter came from America, it principally 
served for finishing articles of smaller sizes ; but im- 
provements followed, which made it successfully ap- 
plicable to the the heaviest kind of work. The large 
milling-machine at the Crewe works for cutting out 
the double cranks from solid steel shafts for locomotive 
engines is a representation of that present state of 
mechanical practice with regard to revolving cutters. 
In practice the smaller sizes of milling tools are made 
of one piece of tool steel, and cut “by hand or by 
machinery. The shape of the teeth is of the utmost 
importance, and opinions seem to be much divided on 
this point, so that one skilled foreman will, in all pro- 
bability, consider the cutters used by an equally skilled 
neighbour as utterly impracticable. This, of course, 
results from the difference in the other elements of 
working in the milling-machine, viz., quality of mate- 
rial, speed of working and of feeding, temper and size 
of the cutter, &e. The great art, however, in shaping 
the teeth of milling tools is to give sufficient release to 
the cuttings, so as to prevent their clogging the spaces 
between the teeth. Even with the greatest care in 
a the cutter, it will frequently twist in harden- 
ing, and thus lose its perfect form. This is a very 
serious drawback, since the irregularity of shape divides 
the labour unequally over the tool ; the cutting edges, 
which are most prominent, will do the whole work, 
while the others will run free ; the former will thereby 
soon get blunt, and cause friction, loss of power, vibra- 
tion, and breakages. It is this practical difficulty of 
keeping milling tools in order and repair which has 
always been the principal objection to their application 
in the general run of engineers’ work. With cutters 
of larger dimensions there is a possibility of making 
the tool in separate parts, each cutting edge being 
formed by a separate steel tool, which is set to a gauge 
into a cast-iron revolving head, or the steel cutters are 


set against each other, so as to form a complete milling 
tool when screwed together into a cylindrical block. 
In these cases it is easier to maintain the regularity of 
shape after hardening, and to replace damaged or 
blunted tools at a moderate expense and without t 
loss of time. With large mulling-machines, such as 
the one at Crewe, for instance, when a heavy and broad 
cut is to be taken, the different cutters are fixed in the 
revolving head in a spiral line, so that they do not fol- 
low each other’s path, but every point cuts a separate 
groove parallel with the other. This divides the cut- 
ting action, and the strain produced by it, over a 

eater part of the revolution, and allows of taking a 
Enier feed; it also simplifies and cheapens the 
moulding cutters, and makes them less liable to 
breakage and derangement. As a rule, the cutting 
edge of a milling tool can be made sharper than that 
of an ordinary tool for working the same material ; 
but the speed of motion, as compared with single cut- 
ting tools, should not be increased. 








THE SAAR DISTRICT. 


Tue most important coal district on the Continent 
is the valley of the Saar river, the frontier of France, 
Rhinish Prussia, and the Bavarian Rhine province, in 
the vicinity of the town of Saarbriick. The bounda- 
ries of the three countries give to each a part of this 
valuable ground ; but the most important coal-mines 
are within the Prussian territory, and mostly belong to 
the Government of that country. The coal is of good 
quality, suitable for making coke and smelting iron, 
and it is largely used in blast furnaces and ironworks 
situated in that district, and is also exported in large 
quantities to France, Luxemburg, and to many parts 
of Germany. For facilitating communication and re- 
ducing freights, a navigation canal has just been com- 
pleted, connecting the Saar with the Rhine-Marne 
canal in France. This important canal has its com- 
mencement at the little lake of Gondrexange, from 
which it passes to the valley of the Saar at Saarge- 
miind. It crosses another lake upon a massive aque- 
duct with three openings, and the river Albe upon an 
aqueduct constructed of iron. The total length of this 
canal is about 40 miles, and its fall, divided over 
27 locks, amounts to 240 ft. The canal is 48 ft. wide 
at its surface, and has 6 ft. depth of water. The em- 
bankments are about 8 ft. in height above the water 
level, and have 13 ft. width at the top. The locks are 
114 ft. long, 17 ft. wide, and have 6 ft. depth of water 
and about 9 ft. fall. They can pass vessels of 150 to 
200 tons without difficulty. For their supply of water 
the sources of the upper Saar, and particularly the 
lake of Gondrexange, is counted upon, the latter being 
formed into a reservoir, holding at present about sixty 
million cubic feet of water, available for feeding the 
canal; but it is proposed to raise the embankments of 
this lake, and to make it capable of holding 200 million 
cubic feet. There are forty basins at various points 
along the canal, each about 150 ft. wide at the bottom 
and from 600 ft. to 800 ft. in length. The harbour at 
Saargemiind is about 1000 ft. long. From Saarge- 
miind the Saar river has been made navigable, and, so 
to say, converted into a navigation canal down to 
Saarbriick and Luisenthal, so as to form a complete 
vein of traflic traversing the whole coal district from 
end to end, and connecting it with the iron districts of 
France and Luxemburg. By these means peculiar 
facilities for the production of iron have been afforded 
to this district, which already contains several very 
important ironworks, but which is likely to become 
one of the centres of iron industry, to be matched only 
with Cleveland or Wales. The iron ore of that locality 
is called the Luxemburg “ minette ;” it is an argilla- 
ceous ore, much resembling the Cleveland ironstone in 
appearance and in chemical composition. It is not 
very rich, averaging only 25 per cent.; but it contains 
its own flux, and requires nothing but fuel to be added 
to it in the blast furnace for smelting. This ore 
appears in enormous solid masses in Luxemburg and 
in the adjoining districts of France and Germany, and 
in some places it forms the very ground through which 
the Saar canal is cut. It ae with the greatest 
facility, and can be got into the barges at an amazingly 
low cost. Some of the blast furnaces at present work- 
ing in that district are situated on the banks of the 
river, and many more are to be erected in suitable 
localities within a short time. All these will be able 
to draw up their ore from the barges direct to the 
tunnel head, and with its extremely favourable posi- 
tion, both with regard to coal and iron ore, this dis- 
trict is expected to produce the cheapest iron on the 


longing to a company of Belgian and German capi- 
talists. They are laid out on two levels, taking advan- 
tage of the natural formation of the ground. The 
upper level contains the coke ovens in one large row, 
and the yard for the ironstone, with the rails leading 
to the mouth of the furnace. The coke ovens are of a 
somewhat primitive construction, at least if compared 
with other arrangements in use in that district. The 
gases from the coal are entirely wasted, passing out of 
each oven through a short flue, and producing a flame 
at the top. The coal is carefully washed previous to 
coking, and the machinery for carrying out this opera- 
tion is very complete and effective. The necessity for 
washing the coal comes from a considerable quantity of 
iron pyrites and other mineral matter contained in it, 
which, if carried with the coke into the blast furnace, 
would act injuriously upon the iron produced. As it 
is, the iron is far from a high quality. The “ minette” 
contains a considerable amount of phosphorus, which 
invariably passes into the iron and makes it cold short. 
In this respect this iron also resembles that of the 
Cleveland district, and it is used only for the com- 
moner kinds of articles, such as rails, T irons and 
double T for builders’ use, common bars, &c. Most 
of the pig iron produced at Burbach is white iron for 
puddling, and it is worked up on the spot by some 
forty or fifty puddling-furnaces placed in two rows, 
with a spacious forge between them and a rolling-mill 
immediately behind. The puddling-furnaces are re- 
markable for their large production, making as much 
as ten charges each per day of twelve hours. The 
puddled balls are rolled into mill bars, which are piled 
and welded for the better class of iron; but there is 
much material rolled direct from the hammered blooms 
as they are produced by puddling. The surface of the 
rolled articles is exceedingly smooth and fine looking, 
and altogether this quality of iron works with extreme 
facility ; but its breaking strength when cold is very 
inferior. The cost of production, even before the 
opening of the Saar canal, has been so moderate, that 
it was possible occasionally to export rails from Bur- 
bach to England; but this is not possible in the 
regular state of the market. It is estimated that rails 
have been produced in the Saar district at about 5/. 
per ton prime cost, and, with the improved means of 
communication, the ironmasters hope to reduce the 
figure below 4/. per ton. 








INDIAN RAILWAYS. 


THE expense of maintaining and working railways 
must always prove a most important question in 
relation to their success. The railways in India—it 
must be borne in mind that we are now referring to 
the guaranteed railways—have all been most sub- 
stantially constructed ; rails of the best iron, some- 
times of steel, and of considerable weight, have been 
used; the bridges are of masonry and iron, and have 
been constructed with great skill and care. It is, 
therefore, not to be anticipated that the cost of 
maintenance of permanent way will, for some time at 
least, absorb more than a due share of the total 
expenses of the lines. The only part of the con- 
struction that has in any way hi ed is the wooden 
sleeper, which, on some lines, has not been found to 
resist the effects of wet and heat ; iron is, consequently, 
being largely substituted for wood, and, on the Madras 
Railway, has already produced a considerable re- 
duction in the cost of maintenance. But while the 
works have, for the most part, been admirably con- 
structed, and the best materials have been used, it 
must not be overlooked that they cannot be altogether 
exempt from the influences of a tropical climate, with 
its floods and cyclones, and that careful watchfulness 
will be necessary to ensure the preservation of the 
lines in their present condition. 

With a to working expenses, there are two 
items which, at present, are particularly high on 
Indian lines, and these are the European establish- 
ments and the fuel, both of which, compared with 
railways in Europe, entail a heavy charge. As regards 
the cost of fuel, however, this does not apply to the 
Bengal lines, the coal for which is obtained from 
collieries at Burdwan, Raneegunge, and Kurhurballee. 
The great advantage of these sources of supply will be 
understood when it is stated that the price of coal at 
the pit’s mouth to the East Indian Railway is about 
10s. per ton, while English coal has lately cost the 
railways in the Bombay and Madras Presidencies from 
40s. to 70s. a ton at their maritime termini. On some 
lines wood is used instead of eoal, and, with proper pre- 
cautions against the escape of sparks, answers ad- 





Continent. The largest and best arranged ironworks 





at present in that district are the Burbach works, be- 


mirably. On the Madras Railway it is calculated that 
the cost of wood fuel is less than half that of coal and 
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coke. When some 150,000 to 200,000 tons of fuel are 
consumed annually, and when from 40s. to 60s. per 
ton has to be paid for it, it is time to look round for 
telief. Australian coal has been tried, with what 
success has not yet been reported; but it is evident 
that from India herself must ultimately be obtained the 
supply of fuel for the future working of her several 
railways. By the judicious planting and preservation 
of forests, and by the development of the vast mineral 
resources of Central India, means will, it is to be 
hoped, be afforded for rendering her independent of 
foreign supplies. 

The following table gives the number of employés 
now engaged, but in the absence of any returns from 
the Bombay Presidency of persons employed on the 
open lines, it is necessarily incomplete : 




















Number of Persons 
employed. 
P é | lw es ‘Ss ¢ 
77 2 = oon - 
Sas| 3 S |jee25| 22 
8 #12 |" |22s| 22 
7 4 3 
= a 
East Indian............ 1479 | 18,250/19,729, 1129| 110 
} 
Eastern Bengal ...... 136 | 2194; 2330; 110 21 
| 
Calcutta and South | 
Eastern ...... - 82 808 a 28 | 8 
Madras  ...scccseeesees 630 | 8369) 8999) 611 | 61 
Great Southern of 
eae one 50 517) 567 79 | 14 
Punjaub ........00:| 179] 1525} 1704) 253) 19 
Delhi .....ese0e sven] 21 | 25,46) nil nil. 





It may be taken for granted that, for some time to 
come, the number of Europeans will increase with the 
increase of open lines and of traffic; measures are, 
however, being taken to train the natives and Indian- 
born, so as to qualify them for situations which hitherto 
have been filled almost exclusively by European me- 
chanics, and on the Great Indian Peninsula Railway 
two or three natives have already been employed as 
engine-drivers. 

The following gives the weight and cost of fuel sent 
from this country to India last year by the companies 
who are at present obliged to obtain supplies from 
England : 


} 





Coal and) Average 
coke sent} “i woth, | Cost per 
Railway. out a in } I reight, | ton io 
: durin ogland.| de. jarrival in 
a : 
1865. } India. 
| 
tons. = | -& s. d. 
Great Indian Peninsula} 26,799 | 24,104 | 30,557 | 41 3 
Madras .. ase oe] 7,638 8,976 | 10,667 | 388 4 
Bombay and Baroda ...| 5,864 12,049 41 1 
Seinde... 2. 0. se} 1907 8,814 40 0 
Great Southern ... ...| 2,580 1,431 | 3,471 | 38 0 








With so high a cost for fuel, it is not to be expected 
that the working expenses of Indian railways should 
be otherwise than correspondingly large. The follow- 
ing is the proportion which those expenses bore to the 
gross receipts during the past year, viz. : 


East Indian, Main line ow 45.7 
Great Indian Peninsula os a 59.08 
Madras, South-west line ~ out 47.90 
Bombay and Baroda... dec oe 64 
Scinde ... one one ‘inte eco 95 
Punjab ... eve ane ne 76.20 
Eastern Bengal eee oe 50.50 
Great Southern oo ° 49.52 


The rate of freight to India during 1864 and 1865 
did not vary much, being on an everage 1/. 12s. in the 
former, against 1/. 11s. in the lavter year; but in the 
early part of the present year a considerable rise took 
place in freights, and in some cases it was necessary 
to pay 45s. per ton. This charge is more than four 
times as much as the value in England of the coal de- 
spatched, and points out the importance of taking ad- 
vantage of native supplies wherever practicable. 
Another cause of the hich rate of working expenses 
may probably be traced to a deficiency in the number 
of locomotives for the work to be performed ; but this 
is now being rapidly supplied. It is, perhaps, hardly 
to be expected that the many exceptional circumstance 
of the current year will permit of more favourable re- 
sults being obtained in 1866 than in the previous year, 
with regard to the proportion of maintenance and 


working expenses to gross revenue; yet it is to be 
hoped that great improvements in that respect may 
soon become practicable. Great economy must, of 
necessity, follow the use of steel rails, especially in the 
maintenance of permanent way, and the Great Indian 
Peninsula Railway are setting a good example in that 
respect, as large quantities are at present being rolled 
for that company by Messrs. John Brown and Co., and 
Messrs. Cammel and Co., of Sheffield, who have, to- 
gether, contracted to supply them with 22,000 tons of 
such rails. The former firm are at present turnmg 
them out at the rate of 200 tons per week. 








NOTES FROM INDIA. 


Tae Luglishman states that it has become impossible 
for the East Indian Railway authorities to keep cattle 
off the line at this season of the year. The villagers 
pull up the wire fencing at night, and drive their cattle 
on to the line to graze. If they are interfered with by 
any of the company’s servants, they turn out in a body 
with sticks and beat them off. If the company’s ser- 
vants succeed in sending the cattle to the magistrate, 
the owners will bring any number of witnesses to 
swear that they were seized outside the company’s 
land. The magistrate then fines the people who seized 
the cattle, so that all the platelayers refuse to interfere 
in the matter any longer. 

The Great Indian Peninsula Railway will, it is ex- 
pected, be open from Bombay to Nagpore next Feb- 
ruary, and a wl section of the Jubbulpore line will 
be ready by the beginning of the rains. By the time 
that the railway communication is complete between 
Calcutta and Bombay, the western port will also be 
linked to Madras through Sholapore, Koolburga, and 
Cuddapah ; and before that date a weekly mail, carried 
by swift steamers for all India, will, it is expected, 
give even Simla, Calcutta, and Madras letters only 
twenty-four days old. Nothing is yet known as to 
the new arrangements that must necessarily be made 
by the Peninsular and Oriental Company for the pro- 
posed weekly mail to Bombay. For some years to 
come, it is expected that there will be a large passen- 
ger traffic, as usual, vi¢ Galle, even if it does not 
always continue, in preference to the land journey 
across India. There seems an indecision about the 
intentions of the Peninsular and Oriental Company. 
One idea is to make Bombay the head-quarters of the 
East, and let the steamers run from Bombay to Suez, 
from Suez to Calcutta, from Caleutta to Suez, and 
thence to Bombay, for any repairs that may be needed. 
This, of course, would do away with a great portion of 
the Calcutta establishment, and that seems a matter of 
regret, just fas it has attained a high degree of effi- 
ciency. The Candia has just been refitted there, 
having been withdrawn from the Suez line about 
twelve months ago ; she has been thoroughly done up, 
and is as good as new. A few days afterwards she 
went down to the Bay of Bengal on q trial trip which 
proved most satisfactory. The Calcutta establishment 
seems capable of doing all that is required in the way 
of repairs, instead of making the voyage to England 
and back, which would involve a great loss of time and 
otherwise interrupt the arrangements of the service. 

The railway bridge over the Jumna, at Delhi, was to 
be opened at the beginning of November, and the line 
to Meerut about the end of the month, when, it was 
rumoured, there were to be convivial doings on a grand 
scale at Ghazeeabad. 

The Indian Daily News, referring to a newly in- 
vented punkah-pulling machine, states : ‘‘ The applica- 
“ tion of the machine, so far as we have seen it, would 
“ be limited to a bed-punkah ; but its extension is only 
“an increase of power, which we presume would in- 
“ volve no dificulty. All attention that may be paid 
“ to the mechanical desideratum must tend to bring 
“the question nearer a solution, but we fear that the 
“ punkah-pullah ‘for the people’ has yet to be in- 
** vented.” 

It is reported that a specimen of bituminous 
anthracite, of an exceedingly valuable description, has 
been discovered at Nursingpore, by a railway engineer, 
and forwarded to Simla for analysis. A careful analysis 
of this specimen has since been laid before Govern- 
ment, ond it is declaréd to be of the kind usually called 
“steam coal,” and therefore peculiarly adapted for use 
in locomotive engines. ‘There can be no doubt’ that if 
the remainder of the deposit corresponds in quality 
with the portion sent, a there be any quantity of it, 
the discovery must prove of very considerable import- 
ance, the more so as Nursingpore is on the Jubbulpore 
railway line. A copy of the analysis has been trans- 
mitted to Mr. Temple, and an application is about to 





be made to the Commander-in-Chief for Major Ross to 


visit and explore the locality whence the specimen was 
sent. 

The question is at present under consideration, in 
what manner the service rifles in India can most con- 
veniently be converted into breech-loaders, whether by 
having them all sent to England for that purpose, or 
by having the requisite machinery sent out and the 
work done in India. On this point, we believe, the 
authorities in this country are divided in opinion. The 
most practical solution of the difficulty would appear 
to be that the breech-pieces should be manufactured in 
this country, and sent out, together with the neces- 
sary machinery for their being fitted to the Enfields 
out in India, for which work the English armourers 
and artificers out there are fully competent. 

The Bombay Reclamation Company recently held a 
meeting at Bombay, to consider its present position 
and prospects. The deliberations sania in a motion 
to wind up the company, which was lost; but those 
shareholders who were anxious to bring the company 
to an end presented a second requisition for another 
meeting, with a view of making a further attempt to 
close the company. Meanwhile the Government has 
intimated its intention of insisting upon the fulfilment 
of the terms under which the concession of the fore- 
shore of Back Bay was made to the promoters; the 
main feature of which was the stipulation that the 
company should reclaim, and hand over to Govern- 
ment, the land required for the extension of the Bom- 
bay, Baroda, and Central India Railway, from its pre- 
sent terminus to a new terminus in Colaba. 








IMPOSSIBLE LOCOMOTIVES.* 
To rue Eprror or ENGINEERING. 


Str,—I have read with interest your articles on four-cylinder 
locomotives, the necessity for which you urge, notwithstanding 
the use of steel rails, which enables the weight on the driving 
wheels to be very materially increased. Some of these engines 
have actually been made and running some time, and although, 
from your comparison of these engines with the two-cylinder 
engines they have replaced, I cannot well make out ‘“ which is 
the lion and which is the bear,” I do make out very plainly that 
the argument with which I have been plagued for the last three 
years, viz, the absolute impossibility of adding anything to a 
locomotive for fear of complicating it, is, as I have long believed 
it to be, a mechanical myth. [I am not saying whether four 
cylinders are necessary or not, but want simply to point out 
that actual practice shows that a few additional parts neces- 
sary to accomplish a given purpose are not necessarily a compli- 
cation fatal to the working of a locomotive engine. It seems to 
me perfectly clear that for locomotives we should carry the 
water and fuel on the engine, and then make the total weight 
available for increasing the adhesion, distributing the load as 
equally as possible over several pairs of wheels; and if this 
makes it necessary to have four cylinders, four cylinders I would 
have, be it called a complication or otherwise. Thus I find one 
of the most serious objections to my double-expansive engines, 
us applied to locomotives suddenly brushed away, not by myself, 
but by those from whom I should least have expected it. 

Bat, sir, this is not all, for dear old Father Time, the great 
teacher of truth, has just knocked another fact into us, viz., 
that steam may actually be worked expansively in a locomotive 
by other means save by the link motion, which, by-the-by, I 
very much admire. Your description of the French three- 
cylinder engines is very short. Pardon me for saying it looks 
very much as if the writer would have liked not to mention the 
fact if he could have conscientiously withheld it. There it is, 
however, as plain as daylight—the steam actually passes from 
the central cylinder to the two outside ones. Howisthis? Isit 
possible that the steam can be so imperfectly worked in the one 
cylinder as to admit of its being usefully employed in the 
others? It would seem so. I know, of course, why the three 
cylinders are used, but they could all have been worked in the 
ordinary way, and if so, why not? Thanking you for what you 
have already told us, I would ask whether the cylinders are 
jacketted, or the steam superheated? also, what pressure the 
steam is worked at in the boiler? and at what pressure it Is ex- 
hausted? and, finally, were it an English engine, ‘‘ Pufing 
Billy” would be an appropriate name? 
I am, yours truly, 

Epw. E. ALLEN. 
40, Parliament-street, Westminster, S.W., 
November 27th, 1866. 








Tue LATE Mr. Nicnotas Woop.—About 1500/., has been 


subscribed towards a memorial to the late Mr. Nicholas Wood, 
and it has been decided that the memorial shall take the form of 
a hall to be built at Newcastle-on-Tyne, at a cost of nearly 
6000/., to be occupied by the North of England Institute of 
Mining Engineers, and for the meetings of similar bodies. 

Tue first telegraph made by Dr. O'Shaughnessy in India was 
formed of small rods of merchant iron connected together, no 
wire being at the time available. 

THE consumption of coal per horse power 
found to be much greater in marine engines, when worked ex- 
pansively, than when worked with full pressure steam for the 
whole stroke. Notwithstanding the great advantage of expan- 
sion, the great condensation of steam in the cylinders, where 
unprotected from radiation, is often sufficient to overbalance 
that gain. 


per hour is often 








* Our correspondent selects this title for bis lette r.—Ep. E. 
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SHarp Practice.—Our paper is published on Friday, and 
reaches Birmingham on Saturday morning. CHARLES RYLAND 
AnD Son’s Iron TRADE CiRCULAR immediately selects and 
prints on the same day such of our articles as the Editor 
prefers, without giving credit, and we have the pleasure of 
seeing valuable matter of our own, some of tt obtained with 
peculiar difficulty and at great expense, duly credited in the 
American journals to our smart Birmingham contemporary. 


D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 


MEETINGS NEXT WEEK, 

Tue INSTITUTION or CiviL EnGinEERS —Tuesday, December 4, at 
8 p.M. 1. Discussion ‘On Light Railways in Norway, India, and 
Queensland.” By Charles Douglas For, M. Inst. C.E.; and, time 
permitting, the following paper will be read, ** On the best Means of 
Communicating between the Passengers, Guards, and Drivers of Trains 
in Motion.’ By William Henry Preece, Assoc. Inst. C.E. 

Society oF EnGcingeers.—Monday, December 3 P.M., at 7. 
Reservoirs and Embankments.” By Mr. Arthur Jacob. 
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THE FUTURE. 


In a depression like that which now prevails—fol- 
lowing, as it has, wide-spread bankruptcy, commercial 
panic, a terrible war on the Continent, and more lately 
the worst revelations of broken faith and actual dis- 
honesty in- railway management—it is not singular if 
there are those who look forward to a dreary, if not a 
hopeless, commercial future. We are so given to 
running in grooves, that when we are thrown out of 
one we are all of us, more or less, apt to doubt whether 
we shall find another. There are few who can perceive 
that were we to go on, continuously, for a long 
time without change in the direction or character of 
our prosperity, we should run into monstrous mo- 
nopolies, abuses, and ultimately into greater ruin than 
ever. There is this quiet consolation for all who are 
pained to see so much capital now unemployed, and so 
much industry now at a standstill—that there was 
never a greater field before us for the improvement of 
the material condition of mankind : never before so many 
wants to be supplied. For, however all the arts of 
civilisation may supply wants, they create wants in a 
still greater degree. A few years ago our commerce 
with other nations was confined mainly to articles of 
food and of clothing. Now it is a matter of course to 
export bridges, engines, and all the materials for the 
construction of railways, a thousand miles long, in 
the most distant countries, and to receive in re- 
turn goods, which twenty or thirty years ago 
might as well have been expected from Terre del 
Fuego or the burning sands of Arabia. We mean to 
say that modern commerce, subject as it is to occa- 
sional excesses and disasters, is, nevertheless, certain 
to work still greater results, and that the time when 
enterprise and capital will resume their accustomed 
and proper action cannot, in the nature of things, be 
far dott. None who can think for themselves can 
imagine that we have exhausted, or even distantly ap- 
proached the exhaustion of, the opportunities for pro- 
fitable enterprise. Let any one reflect upon the rapid 
development of the railway system and ocean navi- 
gation, the discovery of gold in California and 
Australia, the rise of the Cleveland iron trade, the im- 
mense expansion of the Bessemer process, now alone 
saving this nation ten millions yearly, the discovery of 
the American oil wells, the growth of Egyptian 
and Indian and Russian commerce, and upon the 
vast and unexpected strides in a hundred branches 
of industry, like iron ship and bridge building, 
portable-engine making—and four millions worth 





have been made of the latter alone— machine 
brickmaking, plate-glass making, pipe - founding, 
&c., to say nothing of our long-recognised staple 
manufactures, and we need not doubt that as many 
more discoveries, commercial triumphs, and industrial 
revolutions are yet to follow. We must inevitably 
acquire an immense trade with Russia, a country 
where sixty millions of people, under a most enter- 
prising and determined Government, are awaiting all 
the blessings of civilisation. We have hardly begun to 
experience the greatness of Indian commerce, nor to 
realise, as we shall yet do, what it is to civilise even 


the material aspects of life of some four hundred mil- | w 


lions of our fellow-creatures in the East ; for we cannot 
stop short of China. Already engineering and com- 
mercial genius is planning vast undertakings abroad, 
and others at home, and capital, at length reassured, as 
it certainly will be, will not long forsake the oppor- 
tunities for its profitable employment. We believe 
that the coming year must witness a great revival of 
commercial confidence, and although enterprise may 
take new directions, that it will even then engage as 
vigorously as ever in the increase of our wealth and 
power. 








OUR OBSOLETE FLEET. 


Ir would be easy to make, out of our utterly useless 
fleet of timber-built line-of-battle ships as many ar- 
moured and turretted monitors, which should have all 
the appearance of strength and invulnerability. Tt 
has been urged that we should begin the work of con- 
version at once, and, upon the next debate upon the 
navy estimates, it is certain to be argued with great 
persistency, not to say tediousness, that we should 
commence and continue this patching at great cost, 
and for years, and with the object of securing a fleet 
fit to maintain the naval power of the British empire. 
If there be influence sufficient to carry such a hopeless 
experiment, we trust it may be made with this provi- 
sion—that the first pair of converted ships shall be 
allowed to work their worst against each other by shot 
and ramming, and that further conversions shall abide 
the result. Or, still better, let one of them be sent to 
battle with the Hercules or the Monarch, when those 
ships are completed. Some trial of this kind could only 
fully show the certain weakness and sluggishness of 
the converted ships. When they attacked other 
navies, they would meet an at boost equal weight 
of guns, but on much faster vessels, capable of circum- 
venting them in every way in manceuvring, as well as 
overhauling them upon a chase. And we must re- 
member that it is not merely the present fleets of other 
nations that they would have to deal with; for let it 
once be given out that we were patching our old fleet 
to pass it off as new, and ships specially designed for 
its sure destruction would ls ve A they easily 
could be—built. Having voluntarily selected the in- 
ferior position, our naval rivals, and probable enemies 
in the future, would have only to take an easy advantage 
of our folly. 

The reason why the timber ships, with one or two 
of their decks cut down, and two or more 26 ft. holes 
cut in their main decks, would not be strong ships 
when armoured with 8 in. plates is, that they were 
never framed with the view of being so weakened, nor 
to be subjected to the terrific collisions of modern 
naval warfare. If any ships could be broken through, 
or run over, it would be these timber craft, crippled in 
conversion. These are questions for naval architects, 
and not for the Zimes, nor for popular speakers; and 
we do not believe that any competent naval con- 


structor, acting responsibly in the service of a great | } 


nation, would ever consent to such a conversion as has 
been proposed. Let those who are thrifty and wise 
patch their worn garments in time of peace, but let 
them not now attempt to furbish up the old armour of 
their fathers and grandfathers when they go forth to 
battle. Let such a conversion as is being so plausibly 
urged be once carried out, and the next naval war 
would shock us with as fatal a surprise as the terrible 
weapon of the Prussian army only a few weeks back 
carried home to the hearts of the Austrian army. 








THE ROYAL MAIL COMPANY. 


Tue fleet of the Royal Mail Steam-packet Company, 
which includes some of the finest steamships sailing 
from Southampton, at the present time numbers 
twenty-one vessels, of which nineteen are generally in 
regular service. From Southampton, the company 
despatches two vessels monthly to the West Indies, 
and one each month to South America, these vessels 
being met at St. Thomas’s and Rio Janciro, respect- 





ively, by other steamships belonging to the company, 
which carry on the branch services. The branch lines 
from St. Thomas’s include a steamer to Jamaica, an- 
other to Tampico vid Havanna, another to Nassau, 
and another to Demerara, calling at St. Lucie and 
other intermediate islands, this last vessel being met 
at St. Lucie by another running between St. Lucie 
and Trinadad. The steamship from Southampton to 
Rio Janeiro calls on its way at Lisbon, St. Vincent, 
Cape de Verd, Pernambuco, and Bahia, whilst at Rio 
Janeiro it is met by another steamer, which takes the 
mails to Buenos Ayres, calling at Monte Video on its 


ay. 

The time allowed by the mail contracts for the 
passages between Southampton and St. Thomas’s, and 
vice versd, renders an average speed of 10} knots per 
hour necessary, and the speed actually made by the 
steamships on this station averages 11 knots, taking 
the whole year round. On the Southampton and Rio 
Janeiro line, and on the branch services, the contract 
speed is somewhat less, being about 94 knots per hour. 
‘As regards the punctuality with which the various ser- 
vices are performed, we may mention that, notwith- 
standing that the fine inflicted upon the company for any 
given delay in the delivery of the mails is twice as 
great as the premium paid for their pre-delivery by the 
same time, the sum-total of the premiums which have 
hitherto been drawn by the company is nearly equal to 
double the amount which has been paid as fines. 

The principal engineering establishment of the com- 
pany is at Southampton, where they have workshops 
conveniently situated at the docks; and they have 
also a branch establishment at St. Thomas’s. The 
works at Southampton are under the immediate charge 
of the engineer to the company, Mr. Robert Ritchie, 
and his assistant, Mr. John Bowers, and they comprise 
a very fine boiler-shop, together with a machine-shop, 
fitting-shop, foundry, &c., suitable for carrying on a 
very large amount of work. The work executed in- 
pe te the construction of new boilers and the repairs 
of the engines, these repairs being frequently of a very 
extensive character, amounting almost to an entire re- 
construction. No entirely new engines are, however, 
built at the company’s works at Southampton. The 
number of hands employed varies considerably, accord- 
ing to the amount of work in hand ; at present there is 
—luckily for the company—but little to do, and there 
are consequently but about three hundred men en- 
gaged; sometimes, however, the number reaches 
twelve hundred. 

Of the total number of vessels belonging to the com- 
pany, five are fitted with screw and the remainder with 
paddle engines, and all, with the exception of two, are 
provided with superheaters. Five of the vessels are 
also furnished with surface-condensers, and, although 
the one first fitted has been in use two years and a half, 
we have been informed by Mr. Ritchie that, with 
proper management, he has no trouble with them of 
any kind, and that he finds, from careful inspection, 
that the boilers used in connexion with them are en- 
tirely free from corrosion. The surface-condensers 
used by Mr. Ritchie have tinned brass tubes, through 
which the condensing water circulates, and each is so 
fitted that it can be used as an ordinary injection-con- 
denser in case of its becoming necessary to do so. The 
circulating-pumps employed are all of the reciprocating 
class, and in the case of some oscillating engines with 
two air-pumps which have been fitted with surface-con- 
densers, one of the air-pumps has been converted into 
a circulating-pump, whilst the other has been retained 
for its former duty. ‘The fittings of the altered pump 
have, however, been so arranged that, in case of its 
ecoming necessary to work the condenser with injec- 
tion water, it could be again employed as an air-pump. 

It is now about seven years since Mr. Ritchie 
adopted the practice of superheating, and, as we have 
already stated, all except two of the company’s vessels 
now have their boilers fitted with ronwone see de The 
superheaters each consist of a number of wrought-iron 
tubes, coiled vertically, and placed in the uptake near 
the root of the chimney. The diameter of the tubes 
varies from 44 in. to 84 in., and their combined sectional 
area is equal to that of the steampipes between the 
boilers and engines. The surface exposed by the 
superheating tubes varies from 34 to 4$ square feet 
per nominal horse power, and the average temperature 
to which the steam is superheated is 320°, the pressure 
of steam used varying from 13 Ib. to 23 lb. per square 
inch. With the temperature just mentioned, Mr. 
Ritchie experiences no inconvenience from the burn- 
ing up of the lubricating materials, cutting of the 
cylinders, or other evils which attend the practice of 
excessive superheating, whilst at the same time it 
enables him to work with thoroughly dry steam. The 
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loss of temperature between the superheaters and the 
cylinders is found to be rather greater in the case of 
oscillating engines than in the other classes, and in the 
case of vessels fitted with these engines, therefore, Mr. 
Ritchie superheats the steam rather more highly than 
in the others. 

For the paddle-vessels Mr. Ritchie employs feather- 
ing-wheels in all cases, and we are informed by him 
that he finds that, if they are properly constructed 
originally, they but rarely require repair afterwards, 
whilst the amount of engine power required to drive a 
vessel fitted with them at a given speed is decidedly 
less than if the ordinary wheels were used. The form 
of feathering-wheels employed by Mr. Ritchie has the 
fixed eccentric, by which the feathering motion is given 
to the floats, made chiefly of cast iron; but for a length 
of about one-third of its circumference on its upper 
side it is recessed, and the space so formed filled up with 
brass, and it is upon this brass portion of the eccentric 
that the weight of the strap and connecting arms rests. 
The eccentric strap is of brass, having a lining of white 
metal. The pins upon which the floats of the wheel 
hang are cased with brass, both over their bearing sur- 
faces and ends, and the holes in which they turn are also 
bushed with brass. In the case of the smaller wheels, 
the pins of the floats have the brass covering cast on 
them ; but for the larger sizes the pins are made slightly 
tapered, and the brass caps, which are cast upon a cor- 
respondingly tapered mandril, are afterwards forced on. 
In the brass foundry of the works at Southampton 
there is a small screw-press, which is employed for the 
purpose of forcing the brass caps off the mandrils just 
mentioned. 

In the construction of shafts, piston-rods, &c., Mr. 
Ritchie is gradually substituting Krupp’s steel for 
iron; but he is adhering to the same dimensions as 
when iron was used, the object being to obtain in- 
creased safety and to retain the same amount of bearing 
surface, &c. The kind of piston packing in general 
use on the Royal Mail Company’s vessels consists of a 
cast-iron ring, with steel springs at the back, and the 
slide-valves and cylinders are lubricated by means of a 
simple form of lubricator which Mr. Ritchie has had 
in use for a number of years. It consists merely of a 
brass vessel, for holding the lubricating material, fur- 
nished with two pipes, the one for conducting the 
steam from the valve-chest to the top of it, and the 
other for conveying the lubricating material from the 
bottom of it to the desired point. Each pipe is fur- 
nished with a cock, so that the rate at which the lu- 
bricating material is supplied can be conveniently 
regulated. 

The system of logs, &c., returned by the chief en- 
gineer of each vessel to head-quarters at the end of 
each voyage is exceedingly complete, and they enable 
Mr. Ritchie to form an exact opinion of the state of the 
machinery, notwithstanding that it may not have come 
under his own personal inspection for some months. 
The returns include an extract from the log, in which 
are given the quantities of coal consumed during each 
watch, the number of revolutions made, the distance 
run, the pressure of steam, grade of expansion, tem- 
perature of steam in cylinders, &c.: and two sets of 
indicator cards taken at the end of the voyage are also 
forwarded, the one set being worked out by the 
chief engineer of the vessel, and the other being sent 
to be worked out at home. Each engineer in charge 
of a watch has also to return to the chief engineer, in 
a book provided for the purpose, a log of all that has 
been done during that watch, including an account 
of the stores expended, &c., the log being, in fact, a 
copy of that ordinarily kept on the log slate. The 
chief engineer has also to keep an account of all the 
spare gear on board his vessel, and in the book in 
which that account is kept he has to state not only 
how many of each article were received, and how and 
why those which have been used have been expended, 
but also where each spare articleis stowed. This renders 
the book a complete index to the spare gearon board, and 
enables any article to be readily found if required. In ad- 
dition tothe chief engineer’s accounts, ipdopendl nt ac- 
counts are returned by the storekeeper of all stores con- 
sumed, and these accounts have, of course, to balance 
with those of the chief engineer. 

Before concluding our notice of the Reyal Mail Steam- 
packet Company, we should mention that there has been 
established in connexion with their enginecring depart- 
ment an extensive library. This “ engineer’s library,” 
as it is called, is supported by the subscriptions of mem- 
bers belonging to the engineering departmeni, and the 
books belonging to it are stored partly at the Southamp- 
ton works, under the care of the Retin Mr. Tapscott, 
and partly at the branch establishment at St. Thomas’s. 
The members serving on board the vessels engaged in 





the Transatlantic service draw their books from the 
library before leaving Southampton, and return them 
at the end of the voyage, whilst the branch steamers 
from St. Thomas’s are in a like manner supplied from 
that station. 








THE SIEMENS FURNACE. 


“Crear coal, cheap bread,” is a saying as popular 
in the industrial districts of England as the sentence 
that “idleness is sweet” is proverbial amongst the 
Italians. There is not, apparently, much resemblance 
between these two pennant statements, and yet they 
both spring from the same class of sentiment and from 
identical trains of thought. They express the re- 
liance of a population upon the natural wealth of their 
land, and upon the advantages given to them by nature 
without their own exertions. It requires no great art 
for an agricultural people to get a living in a country 
which will feed them almost without any labour, nor is 
there any great difficulty in an industrial population 
earning “cheap bread” if they are provided with fuel 
to an unlimited extent, and at a price which they 
themselves will consider low. The inhabitant of a 
southern climate likes to waste his muscular strength, 
but the industrious labourer of this country is still 
more addicted to waste of power in the shape of fuel. 
If a correct and clear picture of what is now called 
“the black country” could be preserved for a future 
generation, and a true record given of the quantity of 
fuel represented by those enormous flames which rise 
from hundreds of blast furnaces and thousands of coke- 
ovens, and by those less showy but more costly 
columns of heated gases which come from coal puddling 
or welding furnaces, the impression then could scarcely 
be otherwise than that it was a set of barbarians who 
wasted the most valuable property of their own gene- 
ration and of their successors with such perfect reck- 
lessness. A question which at this moment will pay 
for a satisfactory answer in any branch of manufac- 
tures is how to earn “ cheap bread” when coal is dear, 
or, whut is the same thing, how to turn a given quan- 
tity of fuel to the most useful account in producing 
heat. Attempts to solve this problem are made by 
thousands every day, but there are only few master- 
minds capable of commanding success. The Siemens 
furnace is now undoubtedly acknowledged to rank 
amongst the most successful of modern improvements 
for economising fuel. The principle of regenerating heat 
by making the heat carried off by one current of furnace 
gases serve as a store for raising the temperature of 
another current, which takes the reverse course to the 
first, and the method of using the fuel indirectly, by 
first producing carbonic oxide and hydrocarbon gases 
in the generator, and afterwards burning those gases 
in the furnace itself, seemed at the first to be averse 
to the minds of practical men. The very refinement 
and scientific beauty of the whole process, amounting 
almost to theoretical perfection, created prejudices 
against the practical utility of the regenerative gas 
furnace. It required years to overcome these diffi- 
culties, but at last the results of experience and suc- 
cessful practice have established the value of this 
invention, which is rapidly gaining ground in all 
manufactures requiring heat. The Siemens furnace 
is now in use in several of the largest glass works in 
this country and abroad. For steel making it has 
been long successfully employed at Leoben, in Styria, 
where crucible steel of the softest kind is manu- 
factured with no other fuel but a lignite coal, which, 
when burnt in any other furnace, is incapable of pro- 
ducing a welding heat for common iron. At Crewe, 
and at Barrow, it is used for heating ingots of Bes- 
semer steel, In Sheffield also some of the cast-stecl 
makers have adopted the Siemens furnace for steel 
making, in lieu of the old-established coke fires; but 
there is a great deal of mystery preserved about these 
establishments. It is, probably, with the intention of 
opposing every kind of mystification, and with the 
object of dispelling prejudices, that Mr. Siemens has 
established what he calls a Model Steel Works in 
Birmingham. These works, in their present limited 
extent, have one regenerative gas furnace in operation 
for the manufacture of crucible steel of the softest 
kind, and which requires the highest temperature for 
melting. This furnace is charged with sixteen crucibles, 
placed in two rows, and containing each from 40 to 
£5 lb. of serap iron or steel scraps, with their suitable 
admixture of spiegeleisen, black oxide of manganese, 
and charcoal. It is supplied with gas by two gene- 
rators, using Staffordshire coal slack, and is capable 
of melting four to five charges every twenty-four 
hours, making a total production of 30cwt. of 
cast steel per day. The generators, owing to the 





limited space afforded by the locality, are not placed 
sufficiently low, so that this furnace requires a hori- 
zontal cooling-pipe for creating the differences of tem- 
perature necessary for the draught. This of course 
entails a loss of heat both by radiation and by the 
condensation of some products of distillation in the 
cooling-pipe, but this loss is purely incidental, and does 
not occur in the Siemens furnaces as usually designed 
for practice. The generators have an inclined grate, 
air entering at the lower part, and fuel being supplied 
from the top. The ash-pit is kept wet artificially, so 
that a quantity of steam is produced, and, being drawn 
into the generator by the current of air, is decomposed 
in contact with the carbon into hydrocarbon gas and 
carbonic oxide. The quantity of coal slack burnt in 
the regular course of working is about two tons per 
day, including the loss entailed by stoppages on 
Sundays, and the production of the heat required for 
annealing the crucibles in a special muffle heated by 
the gas. These results, and some experiments made 
specially with this furnace, justify the expectation that, 
with furnaces to be built for the future extension of 
these works, the consumption of coal for the produc- 
tion of each ton of erotiiie steel will be brought down 
to one ton only, including the fuel required for cru- 
cibles and all other accessories. The crucibles are 
made at the works; they require an unusual amount 
of attention on account of the high temperature to 
which they are exposed. They are made from a 
mixture of one-third pure backia, one-third Derby- 
shire clay, and one-third Yorkshire clay from Stan- 
nington, to which a small quartity of coke-dust is 
added. A special and very handy machine has been 
designed by Mr. Siemens, for the purpose of making 
these crucibles with a solid bottom, since the hole in 
the centre of bottom, as usual with common steel 
melting-pots, is unsuitable for the high temperature of 
the gas-furnace. The crucibles weigh 33 1b. when 
fresh made, and they lose about 7 lb. in drying. The 
muffle in which they are annealed is a small regenera- 
tive gas.furnace, which must be allowed to cool down 
to a very moderate temperature before being charged, 
and then very gradually heated, so as to prevent the cru- 
cibles from cracking. The crucibles are kept at a red 
heat for about five hours, and are then immediately 
placed in the steel furnace. They are charged when in 
their position in the usual way. For convenience of ac- 
cess to the crucibles, the top of the furnace is made in 
parts, which can be removed separately with great speed 
and facility. This arrangement permits the workmen 
to carry out all his operations with great rapidity, so as 
to suffer little from the heat radiated through the 
opening. The bottom of the furnace is covered with 
a 6in. layer of coke-dust compressed by stamping. 
This becomes coated with slag after a few charges, and 
is thereby protected from further destruction. Each 
crucible is capable of taking three charges in succes- 
sion, but the weight of the charge is reduced succes- 
sively from 45 lb. to 42 lb. and 40 Ib., in order to make 
allowance for the deterioration of the pot and its 
lessened strength. ‘The steel is cast into iron moulds 
by hand in the usual way, care being taken to pour at 
the lowest temperature at whch it will run freely into 
the mould. Most of the steel produced at the model 
steel works is used by the local trade of Birmingham 
and Staffordshire especially for wire making and similar 
purposes. ‘There has also been a considerable quantity 
of Bessemer steel scrap remelted in this furnace, and 
the ingots returned to the Bessemer Steel Works at a 
fixed price per ton for remelting. The kind of scraps 
most suitable for this purpose are the punchings from 
Bessemer steel plates, which, from their convenient size 
and good me. oo afford particular advantages for 
making excellent crucible steel. The charge usually 
made for remelting is about 7/7. per ton, which is 
scarcely more than half the expense at which the 
Sheffield works used to carry on the remelting of steel 
scraps in crucibles heated by coke. 








HOISTS FOR BLAST FURNACES. 


Tue height and size of the furnaces in the Cleveland 
district give especial importance to the subject of 
hoists, one of which is already raising 375 tons of 
materials daily, to a height of 95 ft., while others are 
lifting much larger quantities to heights of 70 ft. and 
80 ft. Besides these lifts, to the top of the blast 
furnaces, all the iron stone has to be first lifted, 20 ft. 
or so, to the top of the calcining kilns. There is 
almost every variety of hoist at the furnaces in and 
near Middlesboro’, including inclined planes, water- 
balances, blast lifts on the gasholder principle, winding 
drums, direct steam lifts with the steam cylinder 
below, and others in which it is overhead ; and, finally, 
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there are some excellent pneumatic hoists which will 
be briefly described in the present article, and illustrated 
and described in detail in our next number. 

The highest inclined plane is that serving Messrs. 
Stevenson, Jaques and bos furnaces, 70 ft. high, and 
we believe that it has not been altogether free from 
accidents. Mr. Barningham, an eccentric ironmaster, 
of Pendleton, Manchester, and Albert-hill, Darlington, 
not long since patented the idea of serving a range of 
furnaces by locomotives taking up loaded wagons on 
inclines of about 1 in 14. He rented a length of dead 
wall in the Darlington station, and pictured upon it a 
row of twenty furnaces with planes at each end, and 
with locomotives and wagons at every stage of ascent 
and descent. Beneath it was painted, “‘ Some say cotton 
“is king ; I say iron is emperor,” &c. : “ given under my 
* hand and seal, this day” of soand so, “ William 
“ Barningham. God save the Queen !” 

The old water-balance is perhaps more used about 
Middlesboro’, but it is liable to over-hoisting, and in 
cold weather the lift and the ground about are apt to 
be very slippery with ice. One of these balances, at 
Messrs. Gilkes, Wilson, Pease and Co.’s, is supplied 
with water from one of Merryweather and Field’s steam 
fire-engine pumps. The objection to the blast lift, 
arranged as a sort of gas-holder, as at Messrs. Coch- 
rane’s furnaces, is the great depth of tank which it 
requires—a ray which must be more than equal to 
the height of the furnace, even if it be 80 ft. or 100 ft. 
high. 

‘Mr. Thomas Snowdon, while in the firm of Snowdon 
and Hopkins (now Hopkins, Gilkes, and Co.), put 
down a steam winding-lift for a pair of furnaces. The 
winding-drum is at the bottom, a few feet below the 
level of the ground, and is worked through gearing 
from a pair of inverted-cylinder engines, secured to 
opposite columns of the'fixed framing of the hoist. The 
platform is counterweighted by weights supported by 
wire ropes working over pulleys at the top, and these 
weights are such that it requires the same power, as 
nearly as may be, to lift the platform, loaded, as to 
bring it down, empty. This lift was designed to work 
with chains; but it was soon found that these 
were liable to breakage, and wire ropes have been 
substituted. These run over drums only 3 ft. in 
diameter, and cannot be depended upon for more than 
a few months. 

The direct steam lifts, where they are used at all, 
are employed for lifting to the top of the calcining 
kilns. At Messrs. Jones, Dunning, and Co.’s the 
steam-cylinder is below the platform, going down a 
considerable distance into the ground. The condensed 
steam is said not to amount to a very great quantity, 
and is pumped out by a small pump. At Stevenson, 
Jaques, and Co.’s, and at Messrs. Whitwell’s, the 
overhead cylinder, 33 in. in diameter and perhaps 
24 ft.long, is supported upon leaning columns, carried 
up from the framework below. The piston-rod, 34 in. 
in diameter, pulls directly upon the load. The steam 
is admitted to the cylinder by a very small opening, to 
prevent too sudden action. 

The best lifts in the district are, we think, the 

neumatic lifts designed by Mr. Gjers, for Messrs. 
Tloyd’s furnaces, where they have been working with 
entire success for eighteen months. The two lifts to 
the tops of the four furnaces, 68 ft. high, consist each 
of a column bored out to a diameter of 36 in. Within 
this is a deep cast-iron piston, nearly fitting the bore, 
and weighing not far from four tons. The platform 
surrounds the column, and the latter, secured to the 
stage at the top, forms the sole framing of the hoist. 
The platform has a. wire rope at each corner, which 
passes over an 8 ft. pulley at the top—there being four 
ropes and four pulleys—and thence down to the piston. 
When the platform is loaded, it weighs about five tons, 
or a ton more than the piston; and when only the 
empty barrows are coming down, it weighs about three 
tons, or a ton less than the piston. A pair of engines, 
close by, works a pair of air-pumps, which, by a revers- 
ing lever, can be made to act as forcing or exhausting 
pumps. With 3b. or 41b. exhaustion per square inch, 
the piston is brought down, and the load raised; with 
the same amount of pressure above the atmosphere 
forced in beneath the piston, it is sent up again, and 
the empty platform descends. The power is applied 
very gradually in raising the platform, as the engine 
has to first exhaust from a 3 ft. column nearly 70 ft. 
high, and, in any case, no sudden strain is brought 
upon the ropes, and those which have been at work 
for eighteen months are believed to be good for as 
much more service before they are replaced. The 
platform rises and falls at the rate of 250 ft. to 300 ft. per 
minute, the motion being perfectly regular, and, ex- 
cept for the inseparable feeling of rismg or sinking, 
any one upon the platform would be quite unconscious 











of the motion. The platform descends to and rests 
upon fixed supports at the bottom. When the plat- 
form, in rising, has reached the top, the piston has 
also reached the bottom of the column, upon which it 
rests, preventing any further motion, and the piston is 
made to cushion in the air as it reaches the bottom, so 
as to avoid all shock in stopping. 

For the calcining kilns, hoists upon the same prin- 
ciple are used. Here the lift is about 30ft., and the 
— to be taken up—a heavy loaded railway truck— 
is about 15 tons. A pair of columns, one upon each 
side, and bored out to 4 ft, diameter, is therefore em- 

loyed. Engines of the same power as those for the 
urnace hoists are used, and thus, with three and a 
half times the pneumatic piston area to work upon, 
the motion is proportionally slower. 
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The Theory of Strains in Girders and similar Structures, 
with Observations on the Application of Theory to Practice, 
and Tables of the Strength and other Properties of 
Materials, Vol. I. By Binpon B. Sronry, B.A., M.I.C.E. 
Longmans, Green and Co., 1866. 

Ir is a rare thing to find an English engineer, 
actively engaged in the practical duties of his profes- 
sion, possessed of the time or inclination to write a work 
on the science of it. The result of this is that, unless 
the young engineer be under the immediate training of a 
man willing and able to instruct him, the papers read, 
and the incidental discussions, at the Institute of Civil 
Engineers are the almost sole means afforded him of 
benefiting by the experience of his predecessors. 
There is so much to be acquired by a pupil during the 
short term of his articles, that the analysis of strains 
may very properly form a part of the mathematical 
training every pupil should undergo before entering 
upon the more technical duties of his profession. For 
such a purpose—as a text-book—we think Mr. Stoney’s 
work is eminently adapted. Written, we are told, 
during such brief intervals of leisure as the author 
could spare from his professional duties, it embodies 
the results of experience combined with theory. The 
aim has been to supply the student with more practical 
methods of calculating the strains on girders and truss- 
ing of every description than can at present be ob- 
tained from any existing work in engineering literature. 
That such a work is really wanted no one who has 
acquired proficiency in the subjects treated by the 
laborious process of original investigation will doubt; 
but why this country is so far behind Franee or Ger- 
many in the production of such works is not so easily 
decided. 

The first volume of Mr. Stoney’s work is devoted 
exclusively to the consideration of the strains on girders 
and trussing ; the remaining volume is not at present 
before us. Commencing with some necessary intro- 
ductory remarks on the nature of the strain a body may 
undergo, and definitions of elasticity with tables of the 
coefficients deduced from the most reliable experiments, 
our author proceeds at once to the consideration of 
girders, with braced and thin continuous webs. With 
reference to the actual directions of the various strains 
taking place in a plate web, Mr. Stoney maintains that 
we do not, and that it is not necessary to know any- 
thing positively. Professor Airy might probably dis- 
pute the first premiss, but there can be no doubt about 
the second, since it is obvious, as pointed out by Mr. 
Stoney, that whatever the direction of the force at any 
point of the web, it may always be resolved into a ver- 
tical and horizontal component. It is only necessary, 
therefore, to ar ww by the term shearing stram 
the total vertical strain transmitted through a given 
section of the girder, including in that the vertical 
components of diagonal or curved strains. If the 
web be continuous, the diagonal strains developed will 
have horizontal components within the web itself, and 
consequently a plate web aids the flanges to a certain 
extent, whilst, if either flange be curved, a portion of 
the shearing strain will be transmitted through it, and 
the web will be relieved to a corresponding extent. 
Neglecting the horizontal strains on the web, which 
are practically of little effect, Mr. Stoney deduces for- 
mule for pene i of uniform strength, under different 
positions of load, and with moving loads single or ot 
uniform density. As the rules are in most instances 
illustrated by applications to x rary cases, little more 
could be desired on the subject of ordinary plate 
girders. 

Proceeding next to the consideration of transverse 
strain, tables of the coefficients of rupture for different 
materials, and the moments of rupture for different 
forms of cross sections, integral expressions as well as 
the deductions are presented to us. When possible, 
Mr. Stoney has wisely illustrated the derivation of the 











—— simple geometrical considerations. Thus, two 
methods of investigating the comparative strength of a 
square shaft, when strained in the direction of one of 
the sides or one of the diagonals, are given. The 
moment of rupture for a solid rectangle of the depth 
d, breadth 4, f being the unit strain in fibres — 
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distance from the neutral axis=c, will be M= = 
4 bf ye? 
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applied be parallel to one of the sides, ¢= a, if parallel 
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to one of the diagonals, c= Jt: the respective 
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or as 1.41: 1. But we may also reason thus: The 
mean unit strain on the fibres being half the maximum 
strain bearing on the outside fibres, it follows that the 
centres of pressure of all the horizontal forces will cor- 
respond with the centres of gravity of the two triangles 
representing the equal areas in compression and ten- 
sion; that is, 3d. e area of each triangle being one- 
fourth the area of the square shaft, the moment will be 


12 
strength will therefore be inversely as z 


3 
M= > as before. Again, with the force acting in the 


direction of a diagonal, we may conceive that force to 
be replaced by its components acting: parallel to the 
sides ; since the section is square, each of these forces 


will be the original force divided by 4/ 2. Now, the 
two components unite at the top and bottom corners, 
consequently the strain at those points will be as double 


the diagonal force divided by 4/2; thatis, as 1.41 : 1, 
as before. 

The remainder of the first volume is chiefly taken up 
by the investigation of strains on bracing of different 
degrees of complexity, from the simple crane to the 
bowstring girder or braced arch. It is remarked that 
the advantage of the lattice web over the single system 
of triangulation is in the frequent support afforded to 
the long struts by the crossing-tension diagonals. 
Although, doubtless, a comparatively small force applied 
laterally will prevent bending, we cannot accept the 
statement that it will be in the same ratio to the weight 
on the strut as the ver. sin. of the deflector curve bears 
to the length of the half strut. If such were the case, 
the strain on bracing sufficiently efficient, as it should 
be, to prevent any deflection of the strut would be xi/. 
The only satisfactory way of arriving at the strain on 
the bracing is by deducing the effective position of the 
centre of pressure from the average breaking weight 
per square inch of long columns, as determined by 
experiment. It should not be forgotten that the lattice 
struts of the Boyne Viaduct, when-tested to breaking, 
failed by the fracture of the lattice bearing bars, which 
were 3in. by }in. 

By the aid of diagrams drawn accurately to a large 
scale, tables are formed, giving the maximum strains 
on the different members of bowstring bridges and 
braced arches. 

The deflection of girders generally necessarily pre- 
ceeds the consideration of continuous girders. e 
think this part of the work would have been of greater 
value if wf aaah had been taken of the convenient 
method adopted by Edwin Clark, Haupt (New York), 
and others, of representing deflections by the contents 
of solids. Again, too little space has been devoted to 
the difficult and important subject of continuous gir- 
ders. As far as the investigation extends, that is, to 
bridges of two and three symmetrical spans, the process 
is very satisfactory ; but we should have liked to have 
seen, as an appendix, diagrams of the moments corres- 
ponding to various positions of loads and ratios of 
spans, such as are given in the admirable little work 
by Laissle and Schibler (Stuttgart). The theoretical 
— of metal required in different systems, and the 

etermination of the most economical angle for the 
lattice bars, bring the first volume to a close. Mr. 
Stoney states that the fact of the struts requiring 
stiffening does not affect the angle of economy, which 
in all cases will be 45°. This conclusion would be 
correct, if the weight of bracing required for a strut 
under a given strain varied as the length simply. But 
as experiment shows the true ratio in long struts to 
be nearly as the square, it is quite possible that for 
certain light loads the Murphy-Whipple truss, with its 
great depth and vertical struts, may be in practice 
superior to the Warren, or the 45° lattice girder. 

As the work is issued by Messrs. Longmans, it is 
hardly necessary to say that the clearness of the type 
and the careful execution of the numerous diagrams 
leave nothing to be desired. 
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THE SALOON STEAMBOAT “MEG MERRILIES.” 


CLYDE STEAMBOATS. 

We give, on page 406, engravings of the engines fitted 
on board the saloon paddle steamers Meg Merrilies and Dandie 
Dinmont, built this year for the North British Steam Packet 
Company, to run to and from the different watering-places on the 
Clyde in connexion with the North British Railway Company’s 
Helensburgh Branch; and of one of the steamers themselves 
we also give a pe tive view at the head of the present notice. 
They are farnished with saloon cabins on the main deck, fitted 
up in the most elegant and comfortable style, and having plate- 
glass windows all round, so that passengers may view the 
scenery in any weather. There is also a promenade deck above, 
extending nearly the whole length of the vessel. These 
steamers have proved themselves to be the swiftest of their 
class on the coast, and they are most comfortable and safe in a 
sea-way. The speed attained is upwards of seventeen miles an 
hour: and they are strongly built, and have little or no vibration. 
Their dimensions are 190 ft. long by 23 ft. beam by 7 ft. 6 in. 
deep, and 195ft. long by 22 tr. Lose and 7 ft. 6in. deep 
respectively, and each vessel is licenced to carry 800 passengers. 

‘he machinery consists of a pair of diagonal oscillating 
engines of 110 horse-power, the cylinders being 40 in. in 
diameter with 5 ft. stroke. The working pressure of steam is 
85 Ib., and the number of revolutions per minute with full 
steam is 44, The paddle-wheels are 17 ft. 6in. in diameter, 
and have eight feathering floats, each 7 ft. 6 in. long by 
2 ft. 9 in. broad. 

The starting gear consists of a steam cylinder 10 in. in 
diameter, the piston-rod having a three-threaded screw cut on 
it, working in a brass tube furnished with a corresponding internal 
screw ; on this brass tube or nut is fitted a light hand wheel so 
that the engineer may start the engines by fiand, if anything 
should go wrong with the steam gear. On the piston-rod just 
mentioned is also fitted a crosshead working in guides with 
links attached to two levers on a weigh-shaft, having two other 
levers with drag-links attached to the valve quadrants. By this 
arrangement the engineer can turn ahead, back, and stop the 
engines with one hand with the greatest ease and quickness. 
This plan is found to be of great advantage in taking the various 
wharves on the route. 

The boilers are of the horizontal tubular class, placed one 
before and another abaft the engines. They are stayed to stand 
a working pressure of 40 1b., and bave each three furnaces, the 
total firegrate being 125 square feet, the tube-heating surface 
2100 square feet, and the total heating surface 2620 square 
feet. The boilers are covered with felt and lagged with wood to 
prevent radiation, 








‘*In MemortaM.” — Quartermaster-General M. C. Meigs, 
United States Army, is prepared to receive tenders at his office, 
in Washington, for supplying the Government with 280,000 
cast-iron head-blocks, for placing cver the graves of the soldiers 
killed in the late civil war. He stipulates that “they will be 
9in. high, from 10 in. to 12in. long, and from 34 in. to 4}in. 
wide, with a flange around the bottom. They will be hollow, 
and will have a number cast on the back, and an inscription of 
the name, rank, regiment, arm, company or corps, and date of 
death of the deceased, cast in raised letters on the top. They 
must be cast of good stone-plate iron, weight not less than 20 1b. 
each, and be coated thoroughly by dipping in melted zinc.” 
Two thousand eight hundred tons (American) of “ good stove- 
plate iron,” a mourning country is prepared to plant in eighty 
different spots, as tributes to the memories of her murdered 
sons. A list telling a sud tale of the “ National Cemeteries,” is 
appended to General Meigs’s official notice. Antietam wants at 
least 6000 head-blocks, Fredericksburg about 16,000. The turf 
at Vicksburg covers what is left of 25,000 men, and 20,000 
stayed behind at Pittsburg Landing, to await the casting of as 
many good stove-plate iron memorials. One plainstone obelisk 
would tell the story more solemnly, we think, than any number 
of head-blocks 9 in. x 12in. x 4}in., although the name, 
rank, and date of death be inscribed on each. The United 
States Government would have done well to let this large con- 
tract to an English or Belgian ironmaster, for, despite cost of 
freight and all the incidental expenses attending the completion 
of a large contract abroad, the 280,000 iron head-blocks would 
have been planted in the eighty “ National Cemeteries” at a far 
less cost than they can be made at home. 











a —- 


jt 


THE DYNAMIC THEORY?OF ELECTRICITY. 
To tue Eprror or ENGINEERING. 


Sir,—Professor Barrett has failed to grasp the point of 
my article upon the above subject in your number of the 
16th inst. He has strangely omitted all mention of the only 
novelty adduced, viz., the letter of Mr. Brooks, taken from the 
Philosophical Maguzine, . The remarks which the learned 
Professor controverts were merely the setting required to exhibit 
the more precious fact discovered by Mr. Brooks, viz., the 
actual gain of current accompanied by loss of heat. and loss of 
current accompanied by guin of heat, according to the different 
direction in which the current was sent through a compound 
bismuth-antimony bar. ‘This I believe to be an entirely new 
fact in electricity, and the only experiment with which we are 
acquainted where electricity and heat are experimentally proved 
to be mutually and directly convertible. 

I advisedly nsed the word “convert.” Professor Barrett 
says: ‘* When a moving cannon ball encounters the resistance of 
the air or earth, its motion is retarded or destroyed, and the 
body is heated as the result; when likewise an electric current 
encounters the resistance of an imperfect conductor, its energy 
is lessened and the conducting body grows hot.” But this is at 
once assuming the possession of inertia and momentum on the 
part of electric currents, which forms the lame portion of the re- 
ceived theory which Professor Barrett upholds, and which I 
object to. We know that motion is converted directly into heat. 
A cannon ball, when it impinges upon a plated target, is raised 
to an incandescent heat that is clearly visible. This is not fric- 
tion against air or earth. It is pure conversion from actual into 

otential energy—from motion into heat. The amount of motion, 
if measured by a unit, would be exactly reproduced in the same 
quantity as heat. We know that electricity produces heat; 
theory points out its correlation; but it has not been experi- 
mentally shown that it is converted into heat, until Mr. Brooks’s 
communication appeared. Its conversion has not been doubted 
—it has been simply assumed—it has never been shown, and 
Professor Barrett cannot adduce a single experiment to prove 
the contrary. 

Favre's conclusion is simply another way of stating that the 
heating of a conductor increases its resistance, and thereby 
reduces the action in the battery to the same extent. It is a 
simple deduction from Ohm’s law. It is the basis of the 
mechanical theory which Joule originated, and Thomson deve- 
loped (Phil. Mag., 1851). 

The only difference between Prof. Barrett and myself is this: 
he deals with assumptions; I deal with facts. The conversion 
of electricity into heat has hitherto been an assumption—it is 
now a fact—a fact which Prof, Barrett could scarcely render 
more evident, even though he brought the force of the Sahara sun 
through wires to Cairo, and thence made it by some new patent 
process to irrigate the desert and consume the sand which is 
there. Lam, &c., 

Tue WriTER OF THE ARTICLE. 





Tue Humper Ironworks.—The premises of the Humber 
Ironworks and Shipbuilding Company are now advertised for sale. 
They cover on area of 10 acres, .with a total river frontage of 
nearly 1600 ft., and contain engine works, foundries, and a large 
and complete shipbuilding plant. That part of the works ad- 
joining the river Humber, and having a frontage of 695 ft. 
thereon, has been designed especially for shipbuilding, and 
possesses a large slip dock 625 ft. long. Official liquidators, 
solicitors, and auctioneers have had a busy time with engineering 
companies (limited) of late. 

Society or Excinrers.—The annual dinner of the Society 
of Engineers will take place on Friday evening, December 14th, 
at the Bridge House Hotel, London-bridge, at six for half past 
six. 

Bovitt v. Gooprrr.—This special-jury cause was to be 
heard at Westminster to-day (Friday); but owing to the fact 
that about one hundred and twenty witnesses, from all parts of 
the country, will have to be examined, the matter has been 
adjourned till Monday next, and it is anticipated that the case 
will occupy the whole week. ‘The interest felt in the subject by 
mill-owners is very great; and we are informed that the tran- 
script of the shorthand writer's notes of each day’s proceedings is 





to be forwarded every evening to Manchester. 
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HYDRAULIC; STEERING-GEAR. 
To tHE Eprror oF ENGINEERING. : 

31r,—In your last issue, the paragraph relating to Esplin and 
Clark’s Steering-gear, whose patent is dated December Ist, 
1865, No. 2865, contains the following:— We confess to our 
‘* inability to see precisely what is gained by transmitting the 
‘* muscular power of men through water instead of ropes or other 
“ means of transmission.’’ 

Being the inventors of a hydraulic steering apparatus and 
rudder break, which we patented on the 14th January, 1865, 
No. 118, we beg leave to submit that the efficiency of hydraulic 
or “fluid steering-gear ” mainly depends upon its capability of 
lockirig the rudder, when required, and by throwing the col- 
lected strain of the rudder upon the rudder-head, and not, as is 
common, upon the weakest part of the gear. 

Our specification, by a very simple arrangement, makes ample 
provision for doing this, and, as a consequence, effects a con- 
siderable economy of muscular force (to say the very least) by em- 
ploying the “‘ liquid or fluid ” to hold the rudder in position instead 
of the muscular power of men, which we do. This being the 
case, steersmen are qualified for putting the rudder over in any 
emergency, whereas when they become almost exhausted by 
holding the rudder in position (as they frequently do) they are 
not qualified, be the consequence what it may. — ae 

It is searcely necessary now to go into the merits of liquid as a 
means of transmission for muscular power, but only to remark 
that in proportion as it is easy to put a rudder over when a ship 
is under weigh it is difficult to hold it in position; be it understood 
when such ease is attributable to absence of friction in the 
steering-gear, which in fluid gear is said to be considerable, 
thus lien the use of a rudder-break the more necessary, the 
more perfect the gear. 

Esplin and Clark do not pretend to use a rudder-break. May 
this not account to some extent for your not being able to see 
what is gained by the use of hydraulic steering-gear ? 

We are, Sir, yours respectfully, 
A LFRED AND Epw1n Pact. 

5, Lord-street-chambers, Liverpool. 

November 28th, 1866. 

[Would not the fact of a rudder being rigidly ‘‘ locked” over 

render it very liable to be carried away ?--Ep. E.]} 








DIFFERENTIAL PULLEY BLOCKS. 
To THE Eprror oF ENGINEERING. 

Sir,—In your impression of 24th inst., I observe a notice of 
~~ patent improvement on Weston’s differential pulley blocks, 
which I consider does not do my invention justice. You say: 
« The object is to separate the blocks, when weights are required 
“to be quickly lowered; but this could only be done without 
“ danger of accident when the weights were light, and when, 
** indeed, the differential pulley would hardly be necessary to 
“ raise them.” 

Now, my object is to save time in overhauling the blocks 
when it is desired to adjust the snatch-block to the weight to be 
raised or lowered, and that I have succeeded in overcoming this, 
the weak point about Weston’s blocks, is proved by the fact that 
Messrs. Tangye Brothers, of Birmingham, sole makers of 
Weston’s blocks, have bought my invention, and in their letter 
to me, dated 22nd inst., they say: ‘‘ Your pulley is reported of 
“better and better every day, and will soon be a general 
“ favourite.” ’ 

The facility of lowering or raising light weights quickly is 
simply incidental to the invention, the grand object being to 
heighten or lower the empty snatch-block when required for 
adjustment. When once the chains are taut, the pulley is in- 
stantly converted into a differential block with all the power of 
Weston’s. I am, Sir, 

Your obedient Servant, 
16, Rye-hill, Newcastle-on-Tyne, RB. A. HARDCASTLE. 
Nov, 27, 1866. 


A Praninc Macninr.—A planing-machine is being con- 
structed at Charlestown, Massachusetts, U.S, to weigh 175 tons 
(or 195 American tons of 20001b.). A single casting, for one 
half of its bed-plate, was lately made under the directions of Mr. 
Wilmarth, the weight being 35 tons. The mould, it is stated, 
took two months to make, and the casting eight days to cool. 
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SUSPENSION BRIDGE AT PRAGUE. 


MESSRS. ORDISH AND LE FEUVRE, ENGINEERS, LONDON. 
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Tue Emperor of Austria recently paid a visit to the extensive 
works of Messrs. Ruston and Co., of Carolinenthal, near Prague, 
for the purpose of inspecting the ironwork for the new sus- 
pension bridge now in course of erection on the Moldau, and 
already christened after himself. 

The Imperial attention was especially directed to the elabo- 
rately beautiful iron pier, which, when completed, will far 
surpass any other construction of a similar kind. An idea of 
the general design will be gathered from the accompanying 
engraving, prepared from a photograph kindly supplied us b 
Messrs. Ordish and Le Feuvre, the engineers to the bridge. It 
represents a front elevation of the pier, which consists of two 
towers, placed about 33 ft. apart from centre to centre, and 
tapering upward for a height of 54ft. from the ground level 
to the under side of the lower or main saddle, on which are 
carried the main chains that support the weight of the bridge. 
The distance at which the towers are placed apart leaves room 
between them for a clear roadway 21 ft. in width, and they are 
connected together by a semicircular arch (springing at a height 
of 40 ft. above the road level) and a horizontal string-course, which 
isa continuation of that running around the towers, enriched with 
panels and deep mouldings, while each spandril is filled with a 

















shield bearing a coat of arms, surrounded by a geometrical 
device. Above this connecting arch, for a height of 9 ft., the 
towers are parallel, and a second ornamented string-course 
completes this part of the design. This string-course is also ex- 
tended across between the towers, and is supported upon seven 
small octagonal columns, which rest on the lower —e 
and the semicircular arch; it is surmounted by a highly orna- 
mented open iron railing, which surrounds the tower also, as will 
be seen by reference to the engraving. 

The towers are eight-sided, with small octagonal columns 
running up the angles, and divided, above the plinth, into three 
lengths, which mark the termination of the panels that fill the 
spaces between the columns, the bottom of the upper bay being 
the point from which the connecting arch springs. These 
panels, as will be seen, are divided into small squares encircled 
with floriated ornamentation. 

The structure is completed by two octagonal pinnacles 
13 ft. 6 in. high, and 6 ft. wide, within which are placed the 
upper saddles carrying the suspension chains of the bridge. 

‘he total height of the towers from the ground level to the 
underside of the railing, which surmounts the top of the 
structure, is 76 ft. 6 in., divided as follows: from base to top of 


plinth 7 ft. 8 in., to underside of lower string 46 ft. 9 in., to 
underside ot upper string 9 ft., to summit 18 ft. 6 in. 

The structure is nowhere internally trussed or stiffened except 
by the flanges, by which the different parts of the work are 
bolted Sageter and the thickness of metal throughout, as high 
as the lower saddles, is in. From this level upwards, a 
strength of in. has been adopted. The saddles rest u 
dome-shaped castings, which have an equal bearing around the 
towers, both the upper and lower saddles being similar in con- 
struction, though differing in strength. : 

The total weight of iron in the structure is 150 tons; the 
vertical pressure exerted by the suspension-rods is equal to 
100 tons, and by the main chain 1300 tons. So that altogether 
a total load of 1550 tons will have to be borne by the stone super- 
structure on which the iron piers rest. 

It is expected that the bridge * will be opened for traffic in May 
next, and we understand that Messrs. Ruston have in prepara~ 
tion a duplicate of one of the towers which they purpose send- 
ing to the forthcoming Internaticnal Exhibition in Paris. 


LOCOMOTIVE FNGINES. ¥ 
To THe Eprror or ENGINEERING. 
Srr,—I generally devote more time on Saturday evenings than 
I am able to do during the other portion of the week to the 
perusal of your ably conducted and important journal, and in 
connexion with yourself and your preg cre Mr. Fairlie, I 
have taken great interest in the subject of light and a loco- 
motive engines. Indeed, before the publication of Mr. Fairlie’s 
letter in your last impression, I had thought of troubling you 
with some remarks on this head. I think Mr. Fairlie deserves 
all just praise and encouragement for his bold attempt to im- 
rove the working of railways in an economical point of view, and 
it is ouly after much careful consideration that I venture to 
differ from his views as to the relative advantages to be gained 
by the employment of large and powerful tank engines, such as 
he advocates, Believing, however, that much of Mr. Fairlie’s 
argument is based upon erroneous figures or, I may say, upon a 
wrong conception of facts, I have to offer the following remarks, 
which may not be without interest to those who are practically 
concerned in railway-working. 
Mr. Fairlie selects four large companies, whose six-wheeled 
— goods engines and tenders he refers to as weighing, in 
worki — the former about 36, and the latter about 23 








tons. With regard to the engines, I believe it will be found that 
the average of these four companies is considerably less than 
86 tons. However, to follow Mr. Fairlie in his selection of the 


London and North-Western Company, I may state that during 
the last seven and a half years they have been building 
engines of their present ‘ype, “es only 27 tons, which I 
firmly believe to be quite sufficient for the — of adhesion, 
even with their fastest and heaviest trains. to the tenders, 
I am inclined to think that Mr. Fairlie has overstated their 
weight also, a narrow-gauge tender, such as those to which he 
refers, weighing only about 18 or 19 tons, with fuel and water ; 
and as the latter will — something like 7 tons, Mr. Fairlie’s 
23 tons of “surplus load” becomes reduced at once to 11 or 12 
tons, from which a further reduction must be made upon the 
obvious consideration that the 7 tons of fuel and water must be 
carried somewhere upon or about the engine. 

I fear a correspondent is equally mistaken in his ideas as 
regards the tonnage and the tare of trucks, my impression bein 
that a much larger tare is to be put down than he has calcula’ 
upon. Whether this be so or not, I am quite clear that the 
average loading, say again of the London and North-Western 
trucks, is not more than one-half of what he assumes it to be. 
According to his statement, a gross load of 10 tons carries about 
64 tons net; but in actual practice only about one-half of that 
weight is carried upon an average, the reason being that trucks 
are seldom loaded up to their maximum capacity, while, as a 
rule, mineral trains are run empty in one direction. 

The rate of 1d. per ton per mile, which Mr. Fairlie considers 
“is below the average,” is, I think, manifestly incorrect. He 
assumes that the “number of tons per train will be 300,” and 
he puts the tare at half the net weight carried. This, of course, 
gives 200 tons of net load per train, which, at 1d. per ton per 
mile, would produce 16s, 8d. per train-mile run! Now the 
average earnings of the London and North-Western goods and 
mineral trains are only 6s. 33d. per train per mile, that being, as 
I believe, the highest rate earned by any of the larger companies 
with their goods engines. Mineral traffic is generally conveyed 
for long distances at about one halfpenny per ton per mile, and, 
as before stated, the mineral trains being loaded only in one 
direction, it follows that the actual rate received is only one 
farthing per ton per mile. 

I cannot coincide in Mr, Fairlie’s views as regards diminished 
dividends, or the cause to which his reasoning points for such a 
reduction. It is, perhaps, scarcely fair either to refer to “ fifteen 
years ago,” a period which embraces the Exhibition of 1851, a 
special and exceptional time of increased dividends ; but if we 
take the last seven years and a half as our ground, we shall find 
that most of the large companies have increased their dividends, 
while, to refer again to the London and North-Western Com- 
pany, the dividend has been magreeeee the extent of 1 per cent. 
at least, solely by the saving of the locomotive department. I 
think that company may congratulate itself upon the ym n 
of a “ Sun” as well as a “ Moon,” and I am sure all officers 
of that concern must have worked well together, to bring up 
their dividend from 43 to 7 per cent. But let us compare this 
with the expenses of the locomotive department of the Great 
Northern Railway. Upon that line there have been adopted the 
four-cylinder or improved tender engines, having the tender wheels 
coupled (for the —— purpose of obtaining additional adhesion 
with heavy mineral trains). The rate per ton per mile received 
for this traffic is 3 of a penny, which, taken upon the double 
journey (the trains running empty in one direction), gives only 
vs of @ penny, and, consequently, we find from the printed 
accounts for the two half years ending December, 1865, and 
June, 1866, the following results: 


Traffic Earnings per Train per Mile. 


s. 4d, 
Goods and) Great Northern ... .. 4 7.79 
Passenger § London and North-Western 5 9.79 
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Locomotive Expenditure per cent. upon ane 
Great Northern... soe . 16.6 
London and North-Western eee 11.5 


Locomotive Exp 





liture per train-mile Run. 
d 


Great Northern... ‘00 : 9.69 
London and North-Western ove 8.09 
I have no personal interest whatever inthe London and North- 
Western line; but I may be excused, perhaps, for again referring 
to the locomotive department of that company, more especially 
as Mr. Fairlie has selected the same company for his own pur- 
= of illustration. I will take the period since the present 
ocomotive superintendent took charge of the whole of the loco- 
motive department, which was, I think, about the time to which 
reference has already been made, viz., seven and a-half years 
ago. That gentleman found in his northern divis'on a light 
class of goods engine, and in the southern division those of a 
much heavier class, He struck out a new type—in weight a 
medium as regarded the former engines—and the result was the 
adoption of the goods engine of 27 tons, to which I have before 
alluded, a plain and simple engine, with cylinders 17 in. x 24 in. 
I have already shown the result. Seven years ago, when the 
traffic receipts per train per mile were lower than at present, 
their locomotive expenses were about 10d. per mile. Now, 
as I have shown, they are only 8d.—a saving upon 
the mileage of the year ending June, 1866, equal to nearly 
180,0001., notwithstanding that between forty and fifty new 
engines were built out of revenue (a much larger number than 
in the former period referred to), and a large sum spent upon 
machinery and other improvements. From the same source 
they have added to their stock altogether 150 duplicate engines, 
besides those which have been replaced, and their chairman re- 
cently stated to ped pa meee that so well has the rolling stock 
been maintained and improved, that it is now worth more than 
1,000,0002. more than the original cost, a statement which, 
knowing something of the matter, I can entirely corroborate. I 
think it might be a fair test of the merits of Mr. Fairlie’s heavy 
engines, or of those of the Vale of Neath and the Great Northern 
Metropolitan engines, to which you alluded in a recent number, 
were they put to work such a traffic as that of the London and 
North-Western or of the Midland Company, and their results 
compared with those to which I have drawn your attention. 
One of the Lendon and North-Western 27 tons goods engines 
costs 17002., including tender, manufactured in their own works, 
while the Vale of Neath and Great Northern tank engines cost 
83801., including, of course, the maker’s profits. 

This question seems to turn upon the most efficient and econo- 
mical method of working fast express trains over long distances 
and with few stops. Each of the four companies mentioned by Mr. 
Fairlie has to compete strongly for some of their best traffic; 
they have to run their most umportant goods traihs to and from 
London and other places by night; they have to carry heavy 
loads, say fifty wagons per train; they have to run as fast as 
they possibly can, and they have few stops. All this is in order 
to insure an early delivery of their traffic in the large towns. 
Now, as Mr. Fairlie suggests the question, “ Why don’t our 
railways pay?” may I say that in some measure—perhaps more 
than is generally allowed—the answer is to be found in the 
public demand for quick transit, in the increased capital re- 
quired for railway working compared with former periods, in 
the low rates of freightage induced by the competitive system, 
and in the higher value of labour and materials forming so im- 
portant an item in railway expenditure, 

I am, Sir, yours obediently, 
Tenper EnGine. 


November 27th, 1866. 


To Tue Eprror or ENGINEERING. 


Sre,—In continuation of the subject in my letter which you 
were good enough to publish in your last week's issue, I beg to 
add a few other facts, in my opinion equally startling. I shall 
endeavour to place them before your readers in as simple a form 
as I possibly can. 

To get at the real position of the question por I presumed 
would suggest itself to many of your readers), I stated “ we must 
“have fuel and water to supply the engines,” &c. In the first 
place, it will be necessary to analyse more clearly the component 
parts of the 23 tons forming the tender. 

These will be found to consist of about 8 tons of water, 2 tons 
of coal, and 18 tons of frames, wheels, springs, &c. ; consequently 
the actual necessary material required for the support of the 
locomotive is only about 10 out of 23 tons. With the addition 
of about 30 cwt. of plates to form the tanks and fuel bunkers, 
this additional weight would be available for adhesion, making 
the engine to that extent more effective ; but locomotive engineers 
invariably object, and _ properly so, unless when driven to it 
by pressure of traffic, to load their 6-wheeled coupled engines 
with more than 12 tons per pair, while they do not demur to put 
on their passenger engines as much as 14 and I6 tons on a single 
pair of driving wheels. The addition, therefore, of the water 
and fuel to the 36 ton engine would not exceed that placed now 
on the single driving wheels of passenger engines. 

(In passing, the term “ passenger engine” is used by the pro- 
fession to denote engines with one ene of driving wheels, all the 
others being merely carrying wheels or rollers). The Chatham 
and Dover have even more, exceeding, I believe, 34 tons on two 
pairs of wheels. However, what this commany may choose to 
do is no criterion whatever, as it is stated they are in consequence 
obliged to renew, although it has been lameutably proved that 
they cannot afford it, portior$ of their permanent way once in 
three months 

No doubt the use of steel rails and tyres, as explained by you 
in the articles referred to in my previous letter, has mainly per- 
mitted the adoption and use of these excessive weights on 
wheels, greatly increased as this is by every oscillation of the 
superstructure of the engine, and in my opinion, even where 
steel is used, has not given the most satisfactory results, rather 
the contrary, while the adhesion per ton of weight placed on the 
rails is considerably less than that of good hard iron. Supposing 
it to be arranged that not more than 5 or 5} tons, which | con- 
sider ample for all — of traction, be placed on locomotive 
wheels, rails such as I have seen produced by the Lowmoor 
Company, with a very hard bearing surface, would be infinitely 





preferable to the finest steel both for wear and adhesion. With- 
out, however, adding the. weight of the water and fuel to the six 
wheels of the coupled engine, another pair could be added, that 
is, eight wheels coupled. 

But exception would be taken to the extension of the wheel 
base, it being considered already too long, and there will be also 
the additional friction due to coupling another pair of wheels. 
The latter I have found from experience to be increased as near 
as possible as the square of the number of parts coupled on a 
straight line, and on a curve this is very much increased in pro- 
portion to the radius of the curve. 

Notwithstanding that these are objections very serious indeed, 
yet I have reason to believe that a comparison between them 
and that of overloading the wheels, will be found to result very 
much in favour of the former. It is impossible, as you state 
in your able article on this subject, to ascertain the compara- 
tive cost of maintenance of lines, &c., and locomotives, between 
light and heavily laden wheels, nor can this be done effectively 
until we shall have railways which shall be worked by engines 
with no more weight on their wheels than on the carriages and 
trucks they have to haul, and with a reduced resistance on 
curves toa minimum. As we cannot hope to see this for many 
years, though I have faith in its ultimate adoption, it is but 
fair that I should urge the use of my system, which is equally 
applicable to the point, whether it be that locomotive engineers 
will continue to put 16 tons load on a pair of wheels, or re- 
duce it to the average load of ordinary truck wheels—about 
3 tons. 

For example, with regard to the coupled goods engine and 
tender weighing 59 tons with 36 tons adhesion, I will guarantee 
to produce an engine of one and a half times the power, weighing 
2 tons less per pair of wheels, which, at the same time, shall 
give 50 tons on the rails for adhesion, while the friction in run- 
ning round curves will be reduced toa minimum. If I load my 
wheels to 12 tons per pair, the same as that on the 59 tons 
engine before described, I can produce an engine of double the 
power, and place 72 tons on the rails for adhesion, with a much 
less frictional resistance on curves, and supposing I load my 
wheels with 16 tons on a pair—and there can be a0 reasonable 
grounds for objecting to that which is now the general practice, 
and the exigencies of the traffic should render it necessary, as on 
the engines of the Metropolitan, North London, Great Northern, 
Vale of Neath, and Chatham and Dover Railways—I can pro- 
duce an engine of three times the power, with 96 tons on the 
rails for adhesion, and the friction on curves reduced to a 
minimum. I assert and, if permitted, will prove that I can 
double the capacity of every railway in the United Kingdom 
without asking the shareholders to spend a penny in duplicating 
their lines, or increasing the expenses of maintenance beyond 
that of fair wear and tear, as I shall describe before concluding 
this letter. Some may be incredulous of these statements, but 
I only ask the directors of these railways properly to investigate 
the matter without prejudice. If they won’t do so, let the 
shareholders form themselves into a commission for this pur- 
pose, and I am convinced that, without any professional prepar- 
ation, I will satisfy their common sense that what I state is 
correct. 

Is it not an admitted fact that our railways have been con- 
tinually altered at enormous outlay to the shareholders? We 
began with rails at 60 lb. per yard, then got to 681b., then to 
72 1b., then to 841b., and now to 84 Ib. steel rails. May I ask, 
was this necessary because of the increase of the size of the 
trucks, or the number of tons placed in each, or the increase of 
the number of trucks inatrain? If the latter is really the case, 
and no one for a moment will doubt it, it follows that the rails 
which carried the first track would carry the second, the number 
taken bearing no reference to the question. Then why the in- 
crease in the rails? Because, and it is monstrous to think of it, 
our railways have had to be made to sustain the locomotives as 
they had to be increased in size and their wheels overloaded, to 
get the necessary power and adhesion to haul the additional 
number of trucks added, by the increase of the traffic, to each 
train. Therefore I am right in asserting that the enormous 
eee which has taken place from time to time on our 
railways has not been on account of the increase of traffic, but 
of the increased weights placed on the driving wheels of the 
engines. The same weight of rails that carried a truck, the 
gross load of which was 3 tons on each wheel, 15 years ago, 
would certainly carry the same truck now ; hence, as regards the 
trucks themselves and the merchandise to be carried, the rails 
might have remained the same to this day, providing, of course, 
that they were found sufficient for this weight. ‘The wear of 
the rails under these circumstances would be reduced to that 
minimum, wearing out according to the number of trucks that 
passed over them, in apron A the same manner as a stone stairs 
would be worn out by the number of persons passing up and 
down them. 

Permit me, before closing, to call your attention to a slight 
error in setting up my letter of last week. In the fourth 
paragraph, beginning with “ Suppose, then, instead of hauling 
“*these cumbersome, &c., &c.,” the average gross weight of a 
truck is put down as 13 tons; this should read “ as 10 tons.” 

I trust you and your readers will excuse all the imperfections 
that have appeared in these communications, and the length of 
time and your valuable space I have occupied with them. 
There are many who are far better able to take up a subject of 
so vast importance to the community, and to treat it in a very 
different manner, than I could ever do, Nevertheless, I have 
done my best, earnestly hoping that some good may result 
therefrom. 

I remain, Sir, your obedient Servant, 
Ropert F, Farrziz. 

56, Gracechurch St., London, E.C., 

29th November, 1866. 








Tne Great Eastern.—Messrs. Forrester and Co., of the 
Vauxhall Foundry, Liverpool, are about to take the cable tanks 
out of the great ship, the plates to be numbered and stored for 
future use, when wanted for the Gibraltar cable. It has been 
suggested that temporary state-rooms, in cireular galleries, 
might have been fitted up in the tanks as they were. Messrs. 
Forrester and Co. will also make a twin-screw launch for the 
ship, and they have contracted also for the gridiron for taking 
her bottom. 





THE HARRISON BOILER. 


ENGINEERING, in referring to this boiler, says that ‘‘ a com- 
‘* petent mechanical engineer, just returned from America, in- 
‘* forms us that the Harrison boiler at Messrs. Sellers’s works, 
‘* Philadelphia, does leak considerably.” How much “ consider- 
ably” may mean we have no means of -ascertaining, but cer- 
tainly not enough to discredit the boiler in the opinion of the 
Messrs. Sellers and Co., who, under date of August 15th, 1866, 
write: “‘We have had the Harrison boiler in constant use in our 
“ works for nearly two years. It has given us great satisfaction. 
‘* We consider it quite as economical in the use of fuel as any 
“ boiler we have used, or with which we are acquainted, and are 
** satisfied that it is much safer than any boiler made.” ‘The 
Messrs. Sellers would not be likely to express “‘ great satisfac- 
tion” at a boiler that leaked badly enough to interfere with its 
work or compromise its safety. We can see no way in which 
this boiler can leak except by the elongation of the bolts that 
connect the groups of cast-iron spheres together. These bolts 
were made originally 14 in. diameter, the entire length and the 
thread of the screw cut into them; but in recent practice these 
bolts are forged somewhat larger at the ends, and, by slightly 
changing the pitch of the thread, a bearing surface is obtained 
fully equal in strength to the spheres themselves, and insnring 
a perfectly tight joint. In the city of Philadelphia there are over 
5000 horse power of these boilers in use, coll ther are working 
to the entire satisfaction of every. person using them. As these 
boilers cannot be exploded by any practicable pressure, or even 
should one of the spheres burst, it could do no damage, but to 
extinguish the fire in the furnace, it seems very desirable that 
they should be put into steamboats, especially those carrying pas- 
sengers on the coast, the lakes, and on the Western rivers, and 
we are glad to learn that steps have already been taken to adapt 
these boilers to the steamboat service, and that within the next 
six months some of them will be at work on our Western rivers. 
The absolute exemption of cast iron from corrosion, from pitting, 
or furrowing, and its comparative exemption from scale, renders 
it, when used in the best form to utilise its strength, one of the 
best, if not the very best, materials for boilers, and therefore 
applicable to the rough work and usage of the river steamers. 

PWe copy the above from the American Railway Times. The 
Harrison boiler failed in England, and we have had conflicting 
accounts of its failure and success in America. The firm of 
Manchester engineers who once made the boiler here, or rather 
acted as Mr. Harrison’s agents, for he made it himself, now inform 
us that, their senior partner having visited Messrs. Sellers’s 
works, the boiler there leaked only in one slab, and, as was said, 
in consequence of its having been once overheated. This is an 
accident to which a boiler containing so small a quantity of water 
will be always more or less liable, but we shall be happy to learn 
that it seldom occurs.—Ep. E.} 








York Scnoot or Art.—A very important step has just 
been made in connexion with this school towards Bat it 
into greater efficiency and more practical utility. We believe 
the idea originated with Mr. J. Stephenson, of the Locomotive 
Department of the North-Eastern Railway Works. At this 
establishment there are above one hundred youths apprenticed 
to the engineering trade, and who are instructed in the various 
details of this branch of industry. It has long been felt that a 
great deficiency existed through their receiving no instruction in 
sketching and drawing the various sections of machinery with 
which they are constantly brought into contact. To remedy 
this Mr. Stephenson, finding that the amount of the fee charged 
at the York School of Art was the principal difficulty to their 
becoming pupils in that valuable institution, waited upon the 
committee of management with a view of soliciting a reduction 
of the fees for these youths from 15s. to 10s. The committee 
most generously assented to the proposition, and, as a still 
further inducement, the committee of the library attached to the 
North-Eastern Works very handsomely offered to pay half the 
fee for all apprentices at the works who were willing to attend 
and receive instruction at the School of Art. The result has 
been most gratifying, a special class of nearly forty having been 
formed. ‘These youths attend three times a week, and receive 
from Mr. Swallow, the master, a regular series of lessons in 
everything appertaining to their trade, To make their educa- 
tion in this art still more complete, Mr. Stephenson has lent to 
the school, for the time being, every section of machinery which 
may be of use tothem. The result cannot fail to cause many 
of the youths to be most proficient in their calling, and the 
knowledge they will acquire will be of great value to them in 
their future life. Too much praise cannot be given to Mr. 
Stephenson and all those gentlemen who have assisted him ir 
this philanthropic effort—Yorkshire Gazette. 

NEUMEYER'’S GUNPOWDER.—Mr. Newby, of King William- 
street, City, is introducing Neumeyer’s inexplosive gunpowder 
to use in England, and it is now about to be tested by the Go- 
vernment. It is alleged to be made only of the ordinary ingre- 
dients of powder—viz., saltpetre, carbon, and sulphur; but, 
although it burns when not confined in a close space, it will not 
then explode. In the close chamber of a gun it is represented 
to produce the same effect as ordinary powder. As no explana- 
tion of its wonderful properties is offered, we shall not at present 
enter upon a statement of the many advantages claimed for it 
but recommend those interested to-try it for themselves. 

A Sunken SreamMerR.—The deck of the steamer London, 
sunk some months since in the mouth of the Tay, is nearly ous 
of water at low tide. Ov Saturday last, Mr. Gourlay, of Dundee, 
made an unsuccessful attempt to raise her by pumping out 
water by centrifugal pumps deouing upwards of 6000 gallons 
ow minute. At first the pumps gained upon the water, aud 
iad they been worked a quarter of an hour earlier, the tide 
being at its lowest, it is beheved that the ship could have been 
raised. Further attempts with greater power will be made, 
either at the next extreme low tides, a month hence, or next 
spring. 

Pree Dutrcu Tramway Company.—In August 1863, a con- 
cession was granted by the burgomaster and municipal authori- 
ties qf the Hague, for the construction of a tramway and horse 
railroad from the Hague to Scheveninge. The tramway, since 
completed, together with the rolling and live stock, stables, and 
other property belonging to the company, is about to be sold in 
pursuance of an order from the Court of Chancery. 
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THE LINTHORPE IRONWORKS. 


AtrnoveH this is the eighth article in our present 
number for which a single and hurried visit to Mid- 
dlesboro’ has afforded the material, and although we 
shall incur the risk of tiring some portion of our 
readers with blast-furnaces, and blowing-engines, and 
hoists, and ironstone, and all the details of Cleveland 
ironmaking, we cannot consider our several accounts 
complete without a notice of perhaps the finest blast- 
furnace plant in the kingdom. The Linthorpe iron- 
works of Messrs. Lloyd and Co. are by no means the 
largest, as a whole, nor are their furnaces individually 
as large as many others in the district ; nor do we wish 
to say anything of the quality of the iron made, except 
that it shares in common with that from the neighbour- 
ing furnaces all the qualities, good and bad,which distin- 
guish the Cleveland make. But we wish to speak of the 
Linthorpe works merely as subjects of professional 
interest, on account of their completeness and excel- 
lence of arrangement and construction. They are 
situate near the Tees, and near the western extremity 
of the town of Middlesboro’—parochially, indeed, out 
of the town, and in the parish of Linthorpe—and are 
between Messrs. Hopkins, Gilkes, and Co.’s furnaces 
on the one side, — Messrs. Stevenson, Jaques, and 
Co.’s, on the other. Sidings from the Stockton and 
Darlington Railway bring ironstone, coke, and lime- 
stone into the works, and carry away the pig-iron, as 
at all other furnaces in and near the town. 

The furnaces are four in number, 20 ft. in diameter 
at the boshes, 68 ft. high, and of about 16,000 cubic 
feet capacity each, and they are placed in a row ata 
distance of 72 ft. from centre to centre. They were 
built upon very bad ground, mud and silt, which had 
to be removed, and a bed of concrete laid, upon which 
the brickwork was carried up 10 ft. to the hearth. The 
whole of the furnaces are in brickwork, no stone being 
used. The hearths are 8 ft. in diameter, and cylindrical 
for about the same height; the boshes then rise at an 
angle of about 70° from the horizontal, or 20° from the 
vertical ; and when the full diameter is reached, it is 
contracted but very little, perhaps to 18 ft. to near the 
top, where it curves into the throat, covered by a gas- 
tight cone, and having a “ bell” which is dropped at 
intervals to admit and spread the materials. The 
boshes are supported upon brick piers, and the stack, 
which is circular, is hooped with iron hoops all the way 
up, their pitch increasing regularly from the bottom to 
the top. The furnaces have three tuyeres, one in each 
of three arches, the nozzles being 44 in. in diameter, 
and the pillar of blast 41lb. The tuyeres blow, we 
need hardly say, above the cinder, and not into it, 
although blowing into the cinder is practised at some 
furnaces. The blast is heated to from 1100° to 1200°, 
and the zone of fusion is almost level with the tuyeres. 

The furnaces make, each, 300 tons weekly of No, 3 
and No. 4 forge and foundry iron (this numeration is 
for six, and, indeed, seven numbers in all) ; and for the 
1200 tons thus made by the four, nearly 4000 tons of 
ironstone, 1300 tons of coke, and 750 tons of lime- 


stone are required weekly, besides 200 tons of small. 


coal and coke breeze for calcining the stone, one ton 
of breeze being employed for twenty tons of stone. 
There are eight calcining kilns, of a construction 
which we shall illustrate next week, and to these the 
materials are lifted—a loaded railway truck of 15 tons 
gross at atime—to a height of 30ft., by pneumatic 
hoists, described at the end of an article upon Hoists 
on another page. The stone is about 2} days in the 
kilns, and is drawn away from all sides at the bottom. 
The calcination drives off about 25 per cent. of water 
and carbonic acid, converting a 31 per cent. stone into 
a 42 per cent. stone, well oxidised for smelting. The 
materials are taken in hand-barrows to the tops of the 
furnaces by means of admirable pneumatic hoists, upon 
the same principle as those described on another page 
for the calcining kiln, but taking much lighter loads, 
and working much quicker, the four loaded barrows 
taken up at one lift weighing about 3} tons collectively. 
The gas taken off at the furnace-tops is let down to the 
stoves and boilers, and no other fuel is now used for 
heating the blast and raising steam. The stoves, 
twenty in number, are behind the range of furnaces, 
and contain, each, 1500 square feet of external sur- 
face, the temperature of blast having been already 
given—from 1100 to 1200 deg. 

The boilersare ten in number, plain cylinders, egg- 
ended, and without flues, and are 60 ft. long and 4 ft. 
in diameter. Only six, or at most seven, are worked 
at a time, the others being in reserve. The steam 
pressure is 60 lb., and the feed water is heated by the 
waste steam of the engines to nearly 212°, and the 


steam is slightly superheated. We should add that 
the gas is burnt under the boilers by a peculiar kind 








of burner, first introduced by Mr. Gjers, by which the 
air is thoroughly mixed in the body of the gas at the 
mouth of the burner, and the supply of gas and air 
can be regulated to a nicety. This plan is now being 
generally adopted in other works. Both boilers and 
stoves are supplied with usual fire-grates, used only 
in time of stoppage. This has not happened but once, 
viz. during the strike of four weeks in August last. 

We have described the blowing-engines towards the 
end of an article upon that subject upon another page, 
but we will note here that they are four single non- 
condensing, overhead cylinder engines, entirely self- 
contained, and working at 32 revolutions per minute, 
except when three blow the four furnaces, when they 
go at 42 revolutions. They have 30 in. steam-cylinders, 
66 in. blowing-cylinders, and 4 ft. stroke; steam of 
60 ~ cut off at half stroke; blast, 41b. per square 
inch. 

The whole works, which were designed in all re- 
spects by Mr. John Gjers, required about four million 
bricks of all kinds in their construction. The bulk of 
the pig-iron is sent inland to the manufacturing dis- 
tricts of Lancashire and Yorkshire, and to Staffordshire. 
The firm also ship at their own wharf to Wales and 
to Scotland, as well as to all parts of the Continent. 
The Cleveland iron is much improved of late years, 
and stronger and more suitable for large castings than 
Scotch, but it is not so soft for small castings. 





THE OLD PARK IRONWORKS. 

TuERE is scarcely any better representative of the 
Staffordshire iron manufacture than the extensive 
works at Wednesbury, belonging to the firm of 
Messrs. Lloyds, Foster and Co. It is not only the 
size and the large power of production of these works, 
but also the coexistence at them of all the successive 
stages of iron manufacture, beginning with the mining 
of the iron ore and coal, and ending with a wrought- 
iron wagon wheel or weldless steel tyre, which gives to 
these works an unusual interest for the visitor, in 
the same degree as it must afford unusual advantages 
and facilities to the manufacturer. The Old Park 
Works, with their collieries and mines, employ a total 
number of 3000 workmen, and an engine power which 
may be roughly guessed at 2000 horse power. ‘Ihey 
contain three blast furnaces, producing weekly about 
450 tons of pig iron, of which the greater part is 
worked up in the puddling works, forges, and rolling 
mills. the principal production of the forges are 
wrought-iron wheels and axles, of which from 100 to 
150 sets, or 200 to 300 pairs of wheels with their 
axles, can be turned out weekly. The rolling mills 
are laid out for bar iron, flat a angle iron, and par- 
ticularly for plates, these being turned out up to 6 ft. 
in width, and about half a ton in weight. ithe have 
a total production exceeding 400 tons weekly when at 
full work, and of that total quantity 100 tons are 
turned out by the large plate mill alone. Independent 
of these branches is the Bessemer steel department, 
containing a pair of three-ton convertors with hori- 
zontal direct-acting blowing engine and hydraulic 
machinery, copied exactly from the usual designs 
adopted for Bessemer steel works throughout this 
country. ‘lhe articles produced by the Bessemer pro- 
cess are forgings, shafts, weldless tyres, and occasion- 
ally rails. Besides these articles, a great number of 
wrought-iron turntables and similar railway plant is 
produced at the works, and at present the whole of the 
ironwork of the new Blackfriars-bridge is being car- 
ried out by this firm. The furnaces are worked with 
hot blast, and part of the waste gases is utilised for 
heating the air; only part of the gases, however, 
is carried off, the rest escaping in the form 
of a flame. ‘The ore is found in immediate proximity 
to the coal. It is calcined before being used, and 
averages at the mouth of the furnace 35 per cent. 
contents of iron. It requires a comparatively large 
proportion of limestone, which is charged in its rough 
state, and, by its predominance, gives to the clay the 
appearance and character of a strongly basic compound. 
By these means the sulphur from the cake and coal is 
kept out of the iron to a considerable extent; but 
phosphorus, which is contained by the ore in sensible 
quantities, cannot be removed sufliciently to make the 
pig-iron suitable for steel-making by the Bessemer 
process. Not even the occasional addition of hematite 
ore, which is made for producing the better brands of 
iron, has been sufficient to bring the quality up to the 
mark required for the Bessemer process. A quantity 
of the apes from the furnaces passes into the re- 
finery, but it is sold as refined iron, whilst the puddling- 
furnaces are invariably charged with pig-iron alone. 
The higher qualities of wrought iron are produced in 
the usual way, by repeated piling, welding, and hammer- 





ing or rolling. The process in use at iliese works, of 
welding up axles from bars of triangular section set 
radially round a cylindrical bar, has justly obtained 
great renown. The plate-mill has rolls 24 in. in dia- 
meter and 7 ft. wide; it is intended for iron plates 
only, but it is capable of rolling steel plates of moderate 
dimensions. The Bessemer steel department is fitted 
with an 8-ton Nasmyth hammer of about 8 ft. stroke, 
for hammering ingots and blooms. A very massive 
tyre-rolling mill, with vertical rolls and a somewhat 
complicated gearing for the different movements, serves 
for finishing weldless tyres from the hammered rings, 
these rings being produced from steel ingots cast with 
a hole in the centre. This mill is capable of rolling 
tyres up to 8 ft. diameter. 

The ironwork for the Blackfriars-bridge is the most 
important work now in progress at the Old Park 
Works. It is being executed under the special super- 
vision of Mr. Nathaniel Dawes, on behalf of the engi- 
neers of the bridge, and it occupies, besides the rolling- 
mills and other preparatory apparatus, a very extensive 
and complete plant of machinery and tools of all kind. 
A weal building has been erected for fitting and 
rivetting the arched girders of the bridge. This spacious 
and lofty workshop is formed of two sheds, each 240 ft. 
long and 55 ft. wide, placed side by side. The roof is 
supported on 36 cast-iron columns placed 20 ft. apart, 
in three rows. The columns carry longitudinal girders 
at a height of 25 ft. above the floor level, upon which 
two travelling cranes, which can pass the be a length 
of the building, are supported. Above the cranes, a 
further height of about 25 ft. to the top of the roof, is 
carried up a second set of columns of smaller dimen- 
sions. The Blackfriars-bridge will contain a total 
weight of 5000 tons of iron. The arched girders are 
formed of plates averaging 3 in. thickness, and varying 
in size up to 5 ft. 10 in. x5 ft. 74 in., the largest plates 
weighing about 9 cwt. each. The plates are, by the 
terms of the contract, required to stand a strain 16 
tons on the square inch, both in tension and in compres- 
sion; but the actual tests made, both at the Park Iron 
Works and at Mr. Kirkaldy’s testing works, show a 
tensile strength of about 24 tons, and a strength in 
compression up to 23 tons per square inch. The 
utmost care is bestowed upon the workmanship in 
all parts. Each plate, when it leaves the rolls, is 
straightened by means of a hydraulic machine; it is 
then dipped into a reservoir filed with oil, and thereby 
tempered, and also protected from rust. All edges of 
plates are carefully planed by means of a machine 
carrying a revolving cutter, the plates being fixed upon 
the machine, one above the other, from two to six at a 
time. All holes are drilled by a special machine made 
by Messrs. Collier and Co. of Salford, this being fitted up 
for drilling seventy-two holes at a time. The drills are 
placed in two rows, thirty-six in each, and each disc is 
moved by means of a worm-wheel gearing into a worm- 
shaft, which passes the whole row. The feed motion is 
given to the table carrying the plate by means of two 
hydraulic cylinders worked by a self-acting pump. All 
drills work in oil, so as to produce clean holes which 
are not liable to rust quickly. Rivetting is done both 
by hand and machine, according to the position of the 
rivetted seams, The arches are completely fitted to- 
gether on the spot, and are rivetted together in sec- 
tions of oue-fifth of a span each. These sections will 
be carried to London in barges, the weight of each 
section being about 10 tons. The erection of the 
wrought-iron structure will be commenced in January 
next, and the whole bridge is expected to be completed 
by the end of the year 1867. 








Sream Wincurs.—Messrs. Day and Co. are now making 
some very neat steam winches for use on shipboard. Each side 
frame is made in one casting, with the corresponding cylinder, 
steam-chest, guide-bars, &c., and the number of separate pieces 
is thus very considerably reduced. The guide-bars are made in 
the same form as is adopted by Messrs, Chaplin for their hoist- 
ing-engines, each bar having a concave surface formed by the 
bars being faced by a boring-tool carried by the same boring- 
bar as is used for boring the cylinders. 

Water SHeet Borers AnD SUPERHEATERS.—The form 
of boiler principally adopted in vessels of the “ P. and QO.” fleet 
is the water sheet boiler, patented by Mr. Andrew Lamb, the 
engineer to the Peninsular and Oriental Company. These boilers 
are fitted with superheaters placed on the top of the boiler, and 
formed of a number of flat cells arranged with spaces between 
them, and connected at alternate sides, so that the steam in its 

ssage through the superheater has to pursue a zigzag course, 
I'he waste gases pass up between the cell, sso that the arrange- 
ment of the heating surface resembles that of the water sheet 
boiler. The amount of heating surface in these superheaters is 
about 1} square feet per nominal horse power. 

Buck.Lep Puatses.—Mr. Mallet’s patent for buckled plates 
has been extended by the Privy Council for four years. The 
invention has never been'properly pushed, and we have had to 
reply, first and_last, toa dozen applications for the address of 





the patentee. It is 11, Bridge-street, Westminster. 


[Nov. 30, 1866. 
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THE AUSTRIAN IRON-CLAD FLEET AT LISSA. 
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Tue ironclads of the Austrian fleet are wooden ships 
covered with armour, and they are grouped into three 
classes of frigates, called first, second, and third class 
frigates, according to their sizes. The construction of 
the two last classes is so similar in principle, however, 
that the fleet may be said to consist only of two types 
of ships. The smaller classes of vessels are built in 
imitation of the types of ironclads constructed for the 
French navy by M. Dupuy de Léme. The frigates of 
the second-class have a speed of 11 knots, and the 
third-class vessels somewhat less. All Austrian iron- 
clads have an armoured stern, a feature introduced by 
the chief engineer, M. Romako, and which has proved 
exceedingly successful in practice. This construction 
not only protects the whole steering apparatus of the 
vessel in a more complete manner than the construc- 
tions in use elsewhere, but it improves the sea-going 
qualities of the ships—a fact which was sufficiently 
= by the experiences of the Danish expedition in 

864. The frigates of the second and third classe 
were all built at Trieste, at M. Tonello’s yard, from 
designs furnished by the Admiralty. These vessels 
were designed to serve as coast defences; they therefore 
received armour and guns of very great relative weight. 
The wood backing of the armour was also made 3 in. 
thicker than the timber sides of the English ironclads 
of the Ocean or Caledonia class of 6600 and 6800 tons 
respectively. With the small tonnage of the Austrian 
ships, their immersion is very considerable, and their 
seaworthiness impaired by their heavy armament. The 
armour reaches 3 ft. 9 in. below the water line, and 
this distance has proved sufficient in practice. These 
ships, although specially constructed for service in the 
Adriatic, and in proximity to the coast only, success- 
fully made an expedition to the Baltic during the 
Danish war. They have since then been much im- 
proved with regard to their sea-going qualities in ac- 
cordance with the experience gained on that occasion. 
The timber of all Austrian men-of-war is Istrian oak. 
The iron armour is fixed to the wood by bolts coated 
with zinc. The wood is painted with white lead, and 
over this a layer of sheet lead, yy in. thick, is fastened 
all over the surface. The lead ‘s covered with india- 
rubber cloth, and this is in contact with the armour 
—. This method of separating the armour plates 
rom the wood for the purpose of preventing any 
mutual corrosive and destructive influence is also 
due to the chief engineer, M. Romako. In the spring 
of 1866, after about five years’ service, some of the 
armour-plates were removed from several frigates for 
the purpose of inspection, and the different coatings 
were found in good order, protecting both the wood 
and iron, which showed no signs of deterioration. The 
bolts protected from corrosion by zine proved e ually 
suitable for their service. The wood in contact with the 














zinc showed no signs of decay, and the bolt-holes allowed 
of being used again for refastening the armour-plates. 
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The frigates of the first class were designed in 1863 as 
proper sea-going vessels, with great speed, heavy armour 
and armament, and perfect seaworthiness. Their lines 
are very fine, the displacement being only 0.563 of the 
displacement of a prismatic body of equal length, width, 
and depth of immersion, while the French ironclads of 
the Provence class have a displacement of 0.593, and 
the English frigates of 800 to 000 horse power show 
a still higher figure in that respect. The angle of the 
upper water-line with the longitudinal axis is 22}°, or 
8}° less than that of the French frigates. The 
proportion of steam power to mids ip section 
is equally advantageous. ‘The French frigates of 
the Gloire type ‘have 1.117 square feet of immersed 
midship section per horse power, and the British 
Valiant elass 1.368 square feet, against which the 
Austrian ships of that type have only 1.09 square feet 
per horse power. “To this it is due that these vessels 

ve a speed of 13 knots per hour in continuous run- 
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ning. The trials of speed on the measured mile, as 
practised in England, are not in favour with the 
Austrian Admiralty, and they always take the speeds 
of vessels from the results of long-continued trips. 
The frigates Ferdinand Max and Hapsburg were built 
at Trieste ; the armour-plates are of Styrian charcaol 
iron, manufactured at the works of Count Menckel von 
Donnersmark, at Zeltweg, and at the ironworks Storé, 
in Styria. The strength of this iron is excellent. The 
armour-plates at the bow of one frigate, only 4in. 
thick, received indentations from shot supposed to be 
solid 150-pounders to a depth of 5 in., and in one in- 
stance 541n., z.e., 1}in. more that the whole thickness 
of the plates, without any crack or fracture being per- 
ceptible. The price of these armour-plates, delivered 
at Trieste, varies between 53/. and 55/. per ton, or 
about 20/. per ton more than usually paid by the 
British Admiralty; but this price includes the 
lates destroyed by trials, which, by the terms of 
ormer contracts, amounted to one plate in every 
twenty, or 5 per cent., and it also covers some 
compensation allowed to the Austrian ironworks, 
in lieu of a subsidy from the Government to partly 
repay their great outlay incurred in erecting ma- 
chinery and plant for the manufacture of armour- 
plates within the empire. The Austrian armour-plates 
are all hammered, there being no rolling-mill for this 
kind of work in all Austria. The price also includes 
bending and boring of bolt-holes, and all irregular 
shapes required for the bow and armoured stern of the 
vessel. The total cost of the armour of a first-class 
frigate is from 6380/. to 6600/. The first-class frigates 
have an armoured deckhouse for chase guns. The 
engines are, with few exceptions, constructed and 
manufactured in Austria—viz. at Trieste and Fiume. 
They are copies of the best English types of marme 
engines, and have proved perfectly satisfactory. They 
are delivered to the Admiralty at a price of 52/. to 55/. 
per horse power. The boiler power is greater than is 
usually adopted in England and France for the same 
size of engines, and this affords considerable advan- 
tages in steaming. The cost of the hull of these 
frigates comes to 15/. or 16/. per ton displacement, 
and the cost of the complete vessel, with armament 
and fittings complete, per ton displacement amounts to 
35/..for frigates of first class, 36/. 10s. for second-class 
and 38/. for third-class vessels. 

On this page we have given engravings of the bow, 
the castle, and the armoured stern of the frigate 
Ferdinand Max, the flag-ship in the battle of Lissa. 
This vessel was constructed from the designs of the 
chief engineer, M. Romako, of the Austrian Navy at 
Trieste. Its principal dimensipns, expressed in Aus- 
trian measures,* are as follows: 


* 1 Austrian foot=1.04 English feet. 
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Length between perpendiculars at upper water-line 253 ft. 
Width of beam to outside of armour ai we 50 ft. 74in. 
Depth of immersion... .-. aft 24 ft. 9in., fore 20 ft. 
Displacement eve ove eve ove «+. 4734 tons. 
Immersed midship section... .. . e» 831.9 sq. ft. 

Engines, 800 nominal horse power. 
She is completely frigate-rigged, and her equipment at 
Lissa consisted of 16 smooth-bore 48-pounder guns 
and 434 men. 

The fore deck contains two ports for chase guns, 
each port being 9 ft. wide by 7 fe Yin. high. Behind 
there is an armoured deck-house, 29 ft. 6 in. long out- 
side. Its armoured sides form the continuation of the 
broadside armour of the ship. The armour-plates on 
the inclined faces are 43 in. thick in front and 2 in. 
thick aft. The front face contains two ports 3 ft. 
wide by 3ft. 10in. high, and 30 in. above the deck, 
and each side has one port of similar dimensions, whilst 
towards the stern of the vessel two ports for small guns 
94in. wide by 25in. high, 16 in. above deck are placed to 
serve asa protection in case of boarding. On the after 
deck is an armoured turret forthecommander. It is of an 
elliptical section, 16 ft. 9 in. long and 10 ft. 9 in. wide, 
with its longer axis placed across the deck. The height 
is 10 ft. 6 in. above deck, and it contains two stories or 
platforms the lower containing the steering wheel and 
the upper the telegraphic signalling apparatus for the 
engine room, store room, and battery. The stern is 
armoured, enclosing the rudder and steering gear. The 
deck, forward of the deck-house, stands higher than 
the main deck, in order to allow of a sufficient height 
for the chase guns at the bows, which occasionally 
require a great elevation. On the bow we have re- 
presented a line showing the depth to which this vessel 
entered the Italian ironclad which was sunk by it at 


Lissa. 


To THE Eprror OF ENGINEERING. 


Sir,—I am glad to find that at least one engineering journal 
js giving utterance to the just views which find impression in 
your last number, respecting the ineligibility of the proposed 
transformation of our cold wooden men-of-war into ironclads, 
and respecting the value of large ordnance and piston shot. 
For omy | years past I have been reciting the advantages of 
piston shot, with two additional features, however, to which 
you have not adverted: Ist, the arms which support the pis- 
ton or wad should be oblique, or screw-formed, so as to rifle the 
shot in passing through the air in the way in which a windmill 
is turned by the wind or a patent logby astream of water; and, 
2nd, the projectile should be a great rocket which would gene- 
rate vis viva during the flight, by which arrangement the gun 
would virtually be as Jong as the flight. Both of these expe- 
dients must be adopted in conjunction with the use of piston 
shot, and if the military engineers will not bestir themselves so 
as to bring their resources up to the requirements of the times, 
the inevitable result will be that the civil engineers will take 
the matter out of their hands. Large smooth-bore guns, with 
rocket-form projectiles that will propel and rifle themselves in 
the air—these are our present requirements; and why have we 
not got them? Simply because the persons on whom the duty 
devolves of furnishing them are unequal to the task, and those 
who are equal have not got it todo. Allour guns of large size 
are disgracefully weak, and are continually bursting. Is that a 
necessary or proper state of things? Would an engineer think 
it demonstrative of his skill that all his boilers burst an 
limited period of service, and all his engines broke down? An 
why should guns burst more than boilers? Simply because in 
guns the metal is over loaded, while in boilers it is not. To 
diminish the load without diminishing the vis viva of the shot, 
we have only to increase the area of the bore and to introduce 
a suitable piston or wad, through the medium of which the 
pressure of the powder-gas shall be communicated to the pro- 
jectile in precisely the same manner as the pressure of the steam 
on a piston is communicated to the piston-rod. Why, I ask 
again, is this not practically done? Because the Ordnance 
Department is ignorant or supine, cr both; and because it is no 
other person’s business to do it. It will require many peals of 
— thunder to rouse these officials from their somnolence, and 

hope you will expend it upon them. 

As regards the proposed conversion of our old wooden men-of- 
war into bran new ironclads, the objections to that transforma- 
tion have been so forcibly stated by you that Ishall here content 
myself with expressing my full acquiescence in your arguments 
and conclusions. Admiral Robinson and Mr. Reed,.I feel quite 
sure, can do something very much better than that; and what 
the country expects of them is that the ships they now produce 
shall be a great step in advance, not merely upon our own exist- 
ing ships, but upon those of every other nation. Our old 
wooden ships, refurbished and plated, might do if we had no 
More enterprising enemy to apprehend than the Chinese. But 
it would be quite inexcusable, with our knowledge of what is 
being done and contemplated by other nations, to send our 
Sailors into.action in ships so weak and imperfect that no amount 
of courage or seamanship could possibly avert disaster and de- 
feat. It is a presumption against the plan that the Times 
favours it—that paper having, with consistent perversity, de- 
cried whatever was good and.sound in the construction of iron- 
clads, and upheld whatever was visionary and untenable. 

lam, Sir, &. 

Berkeley-villa, Regent’s-park, Joun Bourne. 

November 26, 1866. ‘ 








_ Tae Great Eastern Raruway.—This company propose to 
‘us and work steamers to Hamburg and Dunkirk. 


WE give, above, an engraving of Lumley’s patent rudder as 
applied to the McLeod river steamer, built and fitted by Messrs. 
Napier and Son, at Glasgow, for the Indus Steam Flotilla. Her 
rudder is on, what Mr. Lumley calls, his ‘‘ second system,” as 
shown in our engraving, Fig. 1 being an elevation, and Fig. 2 
being a plan; aud the dotted lines showing the recessed form 
assumed by the rudder when put over. The after piece or tail 
moves to a greater angle than the inner piece or body, thus 
forming the holding surface, which is the primary object of the 
invention. The various systems or mechanical methods of 
bringing about the angulation of the rudder are provided for by 
Mr. Lumley iu various patents. 

The inventor prefers to make his rudders of less length and 

area than the common rudder, the recessing principle admitting 
of a rudder of a much smaller size. In the illustration it will 
be seen that the movement of the tail-piece is performed at the 
same time that the rudder is put over, that is to say, that the 
rudder is turned in the ordinary way by the tiller or wheel on 
deck, and the lever attached to the tail having a long slot, work- 
ing on a fixed point placed under the ship’s counter, causes the 
tail to move to a greater angle than the body, and thus produces 
the angulation already mentioned, 
The Lumley rudder, in its various forms, has been applied to 
several vessels in the Royal Navy, and is being fitted to other 
men-of-war, both in England and abroad, and has met with 
that success which a simple and practical invention deserves. 
It has also been fitted to ships in the merchant and passenger 
services, to river steamers, and racing and other boats, and we 
are informed that in many instances the great steering power 
given by this rudder has proved of essential service. Our 
illustration is from a tracing supplied by Messrs. Napier and 
Son, the rudder being designed by Mr. Lumley. 








Tue Parts Exureition.—The Exhibition is to be opened 
on Monday, the Ist of April, 1867, (and is to be complete on 
Thursday, March 28. All heavy machinery and objects of a 
cumbrous nature must be deposited in the building before the 
10th of February, and all requisite foundations begun by January 
5th. British exhibitors must state to the British executive on 
or before the 5th.of January it they intend themselves personally 
being in Paris to receive and instal their om in the building, or 
if they intend employing an agent; if the latter, they must trans- 
mit by the same date the name and address of the agent who 
will represent them. The British executive will mark out on 
the floor of the building the sites of the different allotments 
made to exhibitors. Those allotments which by the 15th of 
February are not taken possession of will be treated as resigned, 
and be appropriated to the purposes of the Exhibition. The 
offices of the British executive will be at 71, Champs Elysées, 
and will be open there on the 7th of January, 1867, from 9 
till 5 p.m. 

CenTRAL Pactric Rartway.—We lately called attention 
to this difficult and somewhat remarkable work, which, extending 
from San Francisco Bay, at Sacramento City, will attain an 
elevation of 7042 ft. in 105 miles, the summit being in a tunnel 
half a mile long, in a pass of the Sierra Nevada mountains. 
The line is now open to Cisco, a distance of 93 miles, and 10,000 
labourers are g work, mostly Chinese, in pushing the work 
jent for much of the way is 1 in 454, and 

cur on the line. The works in progress 
require over"250 kegs of powder daily for blasting, and 100 tons 
of steel drills have been used, and 150 tons more ordered. The 
Chinese labourers are hard working, and submit readily to com- 
mand. Mr. George E. Gray, the consulting engineer to this 
line, was in London a few days ago, but has since returned to 
New York. It is not improbable that- Mr. Fairlie’s locomotive 
engines will be adopted upon this line. Sixteen engines of the 
usual American pattern are now employed.” ~ 

Tue Severn Bripce.—Messrs. Liddell and Ward are the 
engineers to a proposed undertaking for constructing a bridge 
over the Severn, at a cost, including branches, of half a*million, 
midway between the proposed site of {Mr. Fowler’s great bridge 
and the Severn Junction, so as to effect a compromise of the two- 
schemes. ‘The great object of a Severn bridge is to cheapen the 









cost of bringing coal from Wales. 








THE LUMLEY RUDDER. 


THE OVERLAND ROUTE. 

A very strong letter of complaint, and apparently 
not without good reason, has been addressed to the 
directors of the Peninsular and Oriental Steam Navi- 
gation Company, by the passengers by the steamer 
Surat, which left Marseilles on the 20th September last, 
relative to the treatment to which they were — 


during the passage from Alexandria to Suez. It ap- 
pears that the charge made for that part of the journey 
is 4/, 10s. per head, for which sum is obtained a first- 
class Egyptian transit ticket, with an endorsement to 
the effect that the proprietor of the ticket is entitled 
to be landed and embarked at the port of arrival and 
departure in Egypt, conveyed in suitable carriages to 
and from the landing-places and the railway station, 
and by railway in first-class passenger carriages be- 
tween Alexandria and Suez. Notwithstanding this 
distinct contract, it appears that the passengers by the 
Surat were obliged to proceed from the ship to shore 
at Alexandria in a common lighter, without seats or 
awning, though the sun was high at the time, and were 
told, moreover, that they must all, including not only 
ladies and children, but second-class pesengees also, 
perform the journey of 252 miles to Suez during the 
night in a single carriage. All that was, it must he ad- 
mitted, bad enough, but still there would probably have 
been no complaint made had a suitable carriage been 
provided for the occasion; but, when discovered, this 
vehicle proved to be a long narrow truck, with sides of 
temporary planking run up to within a few inches of 
the top, a half door at each end, and a wooden bench 
along each side. ‘There were no cushions, or stuffing, 
and the floor was ina filthy state, and wet from a re- 
cent saturation with water. This was most positively 
objected to by the unfortunate passengers, who refused 
to proceed in such a conveyance, and after much alter- 
cation they were offered, in addition, an empty luggage 
van for the married couples and children; and although 
this had no seats except two boards at the ends, and 
was even more filthy than the other carriage, there was 
no alternative but to accept it and proceed. Severely 
jolted in such rude conveyances, and bitten by vermin, 
and exhausted from want of food and water, these un- 
fortunate travellers reached Suez the next morning, 
and were again put in a common lighter, in which, 
after a delay of nearly an hour, they were towed out to 
the steamer, a distance of above five miles. 

The excuse for such treatment will probably be that 
it was necessary in consequence of the restrictions of 
quarantine. However strict it may be considered ad- 
visable to be on that account, it cannot justify the 
treatment of human beings like so many cattle; but, 
as was pointed out in the letter to which we have referred, 
“ there is no sanitary reason whatever to prevent a train 
“ of first-class carriages being put permanently into 
“ quarantine, as the vehicles now used are, and that 
“the number of passengers going across almost dail 
“ by one or other of the steam companies would keep it 
“ fully occupied.” It is to be hoped that, now atten- 
tion has been drawn to this subject, the matter will 
not be permitted to rest until suitable accommodation 
shall be provided, and at least decent conveyances 
‘supplied for the transport of those who may unfortu- 
nately come within the range of the quarantine laws. 
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SURFACE CONDENSERS. 

Norwitustanp1nG the failures which have sometimes 
attended their use, the application of surface con- 
densers to marine engines is rapidly extending, and 
those who have most experience with them 
appear to be the best satisfied with their working. 
the chief complaint that has been, urged against 
surface condensers has been that their employment 
gives rise to a corrosion of the boilers in connexion 
with which they are worked; but there scems to be 
no reason for doubting but that, with a properly con- 
structed condenser and proper management, this 
corrosion can be entirely prevented, and we have 
mentioned in another column that Mr. Ritchie, the 
engineer of the Royal Mail Steam Packet Company, 
has now had surface condensers at work continuously 
for two years and a half without experiencing any 
trouble whatever. 

In some cases the corrosion of the boilers worked in 
connexion with surface condensers appears to have 
been due to galvanic action arising from small particles 
of brass or copper being carried over from the 
condenser by the helonter, and let fall upon those 
portions of the boiler which have been unprotected by 
scale. We have ourselves seen specimens of iron 
boiler tubes which had been completely eaten through 
in this manner, in the course of a few weeks, the holes 
formed having the appearance of being countersunk 
on the outside of the tube. ‘This “ countersinking” 
plainly indicates that the corrosion in question was due 
to some purely local action, such as might arise from 
the deposition of a particle of copper on the tube, the 
corrosion being most intense in the immediate neigh- 
bourhood of the particle, and gradually decreasing 
around it. 

The best preventative for this action appears to be 
the admission into the boiler of a certain proportion of 
salt water, suflicient to form a protective coating of 
scale over all those parts below the water line; and 
this is now becoming the general practice. The boilers 
are filled up with salt water to commence with, and 
any loss arising from leakage is made up by the injec- 
tion of salt water into the condenser, the water so 
admitted mingling with the fresh water produced by 
the condensation of the steam. In some cases, also, a 
certain proportion of the water is blown out of the 
boilers each day, and the loss made up by a fresh 
supply of sea-water; and this practice is recommended 
by Messrs. Day and Co., of Southampton, a firm who, 
from their executing, in addition to new work, a very 
large proportion of the repairs required by the vessels 
of the ellebuaied “P. and O.” fleet, have necessarily 
great experience in marine-engine working. The in- 
structions now given by Messrs. Day to the engineers 
of vessels fitted by them with surface condensers are 
to blow out sufficient water from the boilers to reduce 
the water level 12in. once every twenty-four hours, 
and then to fill up with salt water; and it is found by 
them that, in the case of vessels engaged upon the 
Southampton and Cape of Good Hope service, this 
method of proceeding produces a scale about yin. 
thick over the surfaces of the boiler plates, &c., during 
the voyage out and home, this scale forming a perfect 
protection against corrosion. In addition to the par- 
tial renewal of the water in the boilers, which we have 
above mentioned, it also appears to be desirable to 
renew the whole of the water in the boilers as fre- 
ag as an opportunity occurs for conveniently 
doing so. 

To lessen the chance of particles of brass or copper 
being carried over into the boiler, the Americans and 
several English firms have adopted the plan of tinning 
the condenser tubes and tube-plates, and, indeed, all 
those parts of the condensing arrangement which are 
made of brass or copper, and are exposed to the action 
of the steam. Messrs. Day and Co. tin their con- 
denser tubes both inside and out, and we may mention 
here that they have found solid drawn tubes liable to 
crack when being cleaned, and that they are accord- 
ingly now using copper tubes with a brazed seam. The 
method of fixing poss medley most generally adopted 
in this country appears to be that of providing each 
end of each tube with a gland and stuffing-hox packed 
with tape or cotton packing; Messrs. Randolph, Elder 
and Co., however, employ Sewell’s india-rubber pack- 
ing, as used in America; and Messrs. Penn and Sons 
have, in the case of the engines made by them for the 
Bellerophon, and, we believe, in other instances, made 
an excellent joint by encircling the end of each tube 
with a compressed wooden ferrule, a plan patented in 
this country a few years ago by Mr. t 
the Novelty Works, New York, and which has been ex- 
tensively and successfully applied by him. The wooden 
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ferrule comes between the tube and the tube-plate, and, 
when expanded by the water, forms a sort of “ burr” on 
each side of the latter. In the case of Sewell’s india- 
rubber packing, te which we have just alluded, the ends 
of the tubes pass through perforations in a sheet of 
india-rubber held upagainst the outside of the tube-plate 
by a guard-plate, which is also perforated, to allow the 
tubes to pass through it. In the case of Mr. Isher- 
wood’s engines for the Hassalo, which were described 
in this journal a few weeks ago, another form of this 
yacking is employed, each tube-hole in the tube-plate 
ier counterbored on the outside, and the end of each 
tube being surrounded in the counterbore by canvas- 
wrapped india-rubber rings. Each counterbore is fitted 
with a gland, and these glands are tightened up by 
means of a follower or guard-plate. 

In the case of the surface condensers now being 
made by Messrs. Day and Co., of Southampton, the 
steam is taken through the tubes whilst the réfrigera- 
ting water circulates around them. The tubes are 
placed vertically, and the condenser is divided horizon- 
tally by a diaphragm carried almost across it at the 
middle of its height, the greater number of the tubes, 
of course, passing through the diaphragm. The con- 
densing water is sdmitted on one side of the condenser, 
above the diaphragm, and is withdrawn from the same 
side beneath it, so that in its passage from the inlet to 
the outlet pipes it has to pass twice across the con- 
denser. By this arrangement the condensing water 
is made to exert a very equal refrigerating influence 
over the whole of the re those tubes which are 
situated on the side of the condenser with which the 
inlet and outlet passages communicate being exposed 
for the upper half of their length to the coldest and 
for the lower half to the hottest portion of the con- 
densing water, whilst, in the case of the tubes on the 
other side of the condenser, the condensing water is 
of a nearly constant temperature throughout their 
length. The steam to be condensed is admitted at the 
top of the condenser. 

In some instances trouble has been caused by the 
choking of the condenser tubes by the grease carried 
over with the steam, and to avoid the inconvenience of 
having to remove the condenser covers for the purpose 
of cleaning the tubes, Messrs. Day are now fitting 
their condensers with a pipe by means of which steam 
can be admitted into them direct from the boiler, and 
the grease collected in the tubes thus melted down to 
the bottom of the condenser, from whence it can be 
readily removed. This arrangement was, we believe, 
suggested to Messrs. Day by a temporary apparatus for 
the purpose having been applied to an engine, which 
came into their hands for repair, by the chief engineer 
in charge of it; and we fs ss de | that it is found to 
work capitally. 





RECENT PATENTS. 


Tue following specifications of completed patents 
are all dated within the present year, and the year 
1866 should be given in ordering them, at the 
annexed prices, from the Great Seal Patent Office, 
Chancery-lane. 

(No. 946, 1s.) J. M. Rowan, of Glasgow, and A. 
Morton, of Kilmarnock, patent an ingenious instru- 
ment for ascertaining longitude at any hour of the day. 
We will not attempt a description here, but shall 
lustrate the instrument in our next number. 

(No. 947, 8d.) C. F. Carlier, of Paris, patents a gal- 
vanic battery, in which the carbon-element is powdered 
and mixed with paraffin. He patents adding a separate 
external coil of insulated wire around the wire of an 
ordinary electro-magnet, and sending reversed currents 
through the outer wire to neutralize the “remnant 
magnetism” in the inner wire. And he patents the 
application of magnets to relieve the weight and 
friction of rubbing parts, like trunnions of steam- 
engines, guides, &c. 

(No. 951, 2s.) W. E. Newton, of Chancery-lane, as 
the agent of an American inventor, patents a loom for 
weaving gored fabrics, such as those for corsets, a 
work heretofore done only by hand. 

(No. 952, 4d.) James Loby, of Newcastle-under- 
Lyme, patents reburning animal charcoal in combina- 
tion with sal ammoniae, the better to ,purify it for 
filtering syrup. 

(No. 958, 4d.) E. C. Prentice, of Stowmarket, 
patents mixing ordinary cotton, or fibrous material, or 
wire along with gun-cotton, so as to modify its ex- 
plosion. 

(No. 956, 5d.) Francis Wise, patents, as a com- 
munication, a mode, often proposed, of burning car- 
bonaceous fuels in a powdered state, and while they 
are in course of flight through a combustion-chamber, 








(No. 958, 1s.) Hely and Marshall, of 23, South. 

ampton-terrace, Waterloo-bridge, patent improvements 

upon Marshall’s previously patented hydraulic presses 

the details of which could only be understo from a 
rawing. 

(No. 960, 4d.) J. H. Johnson, of Lincoln’s-inn-fields 
patents, as a communication, the application of suction 
to the moulds of sugar-loaves, and drawing warm or 
hot air through them. It is stated that sugar can thus 
be refined, decoloured, and desiccated in four or five 
days, where, in the ordinary course, it would require 
fifteen or eighteen. 

(No. 962, 10d.) William Howitt, of Manchester. 
buildings, Silchester-road, Notting-hill, committing the 
mistake of the late Captain Fowke, imagines that a 
semicircular arched roof has no horizontal thrust, and 
patents it, therefore, with certain details of construc- 
tion for roofs of large span. Captain Fowke’s roofs, 
designed upon the same principle, would have broken 
down at the International Exhibition but for Mr, 
Ordish’s advice, and the strengthening which followed, 

(No. 966, 1s.) Martin and Varley, of Harrow-on- 
the-Hill and Holloway, patent details of electric rail- 
way-train signals for passengers. 

(No. 974, 10d.) 8. Richards, of Crosby House, 
Bishopsgate-street, patents, as a communication, a 
huge drill brace for Caio rock. 

(No. 982, 10d.) W. H. Phillips, of Nunhead, 
Surrey, patents a centrifugal pump in which, after one 
half of it has thrown the water to the periphery, the 
other half receives it back to near the centre, where 
the water is discharged in the line of the axis of the 
pump. 

(No. 1001, 10d.) A.V. Newton, of Chancery-lane, 
as the agent of an inventor in Chicago, U.S., patents 
a screw press for compressing steel castings in the 
moulds after having been poured. This is Mr. Whit- 
worth’s invention, and it is very doubtful whether the 
patent under notice could be maintained, 

(No. 1004, 8d.) J. L. Davies, of Manchester, 
patents temples for fuse in weaving haircloth, “leno,” 
&e. The temple is a cylinder reaching across the 
width of the web, and having one half its length cut 
with a coarse, blunt right-hand screw, and the other 
half with aleft-hand screw. By the revolution of this 
double screw and its friction against the web, the sides 
are to be kept distended. The same plan was used 
nearly four years ago by Messrs, Easton, Amos and 
Sons for keeping the felt webs of paper-machines 
spread to their proper width. 








RaILwaY WuistLEs.—Several of the corporations in Lanca- 
shire, Yorkshire, and Cheshire are taking steps with a view to 
the introduction of a public Bill into Parliament, under the 
auspices of an independent member, to prevent the excessive 
smoking of locomotives, and to diminish the whistling of railway 
engines. In towns where railway works are established, the 
smoke and noise of engines have me a great annoyance to 
the inhabitants. The fire thrown by locomotives is attended 
with danger. We rode the length of the Great Northern line, 
the other night, in a shower of fire to which the recent meteors 
were as nothing. 

SreAM Hammers.—A 40-ton steam hammer has been set up 
at Chatham, and has broken down in forging the stern post for 
the Hercules. 

Our New Fieer.—Designs are in 
Admiralty for vessels of a far more powerf 


oe wee at the 
ul character than any 
now afloat, the armour plating of which will be 10 in. and even 
12 in. in thickness, 

THE Moo.tran.—The new engines for the Mooltan are now 
progressing rapidly at Messrs. Day and Co.’s works at South- 


ampton. They will have cylinders 70 in. in diameter, with 3 ft. 
6 in. stroke, and will be fitted with surface condensers. The 
air-pumps, which are double-acting, are of somewhat peculiar 
construction. The usual cylinder and piston of each pump is 
replaced by a gun-metal plunger, which works through a stuff- 
ing-box in a diaphragm, which extends across the air-pump 
casting between the two sets of suction and delivery valves. To 
one end of the plunger is coupled the air-pump rod, which 
passes through a stuffing-box at the end of the air-pump in the 
ordinary manner. The arrangement resembles that of a couple 
of plunger-pumps, the plunger working in the diaphragm pro- 
jecting into each compartment of the air-pump alternately. 
American SreAMsHips.— The Pacific Mail Steamship 
Company have launched, at New York, the first of a line of 
addle steamships between San Francisco and China. The ship 
is of almost exactly the dimensions of the Scotia, and the Ameri- 
cans are wondering at her great size. She will have a single- 
cylinder engine, 105 in. in diameter and 12 ft. stroke, like most 
of the new boats of the same company. The company s fleet 
consists of nineteen steamships, and three others of the size of 
the Great Republic, above noticed, are building. 
Russta.—The Scientific American states that ‘‘ Mr. Robert 
Williams, formerly a Connecticut railway engineer, but for the 
last twenty-three years a resident of Russia, is the manager of 
a mammoth ‘repair shop and rajlroad car works, built on the 
outskirts of Moscow. is vast establishment covers an area of 
more than sixty acres, and was constructed at an expense of one 
million roubles. When additional extensions, now under way, 
are completed, over two thousand workmen will be employed. 
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THE CHANNEL FERRY. 


Ir will prove unfortunate for the comfort of the 
English visitors to the Paris Exhibition that the 
Channel Ferry, proposed last year, has not been esta- 
blished. It was intended to take entire trains of rail- 
way carriages across in boats, of large size and great 
speed, the passengers remaining, if they chose, seated 
in the train, or stepping into spacious waiting-rooms 
on either side. The trains would be run, from either 
shore, down inclines, upon floats always self-adjusting 
to the tide, and would be run thence on to the boats, 
the deck being roofed over, and the carriages also 
closed in at the ends of the boats by doors proof 
against any wash from the sea. 

The general form of these vessels was not, we be- 
lieve, intended to differ greatly from that of the Holy- 
head and Kingstown boats ; but the former were to be 
nearly 70 ft. longer, and of proportionately greater 
beam, or, say, about 420 ft. long and perhaps 40 ft. 
wide. The engines were to be of 1000 nommal horse 
power, and to work up to an indicated power of perhaps 
6000, sufficient to insure the passage being made in 
but little more than an hour. 


Most travellers dread the sea for its own sake, and 
it would be far more important to lessen the chances 
of sea-sickness than to merely shorten the passage by 
five or ten minutes, or even to send trains ama 
from London to Paris without change of carriages. 
Even the Holyhead boats, 350 ft. long and of 35 ft. 
beam, and with full way on, are nevertheless very 
lively when the Irish Channel is rough, and it is doubt- 
ful whether, were: they even twice as long and as 
broad, a very large majority of passengers would always 
escape sea-sickness. We are not referring especially 
to those to whom the slightest rolling motion of a vessel 
is the signal for going below, for we believe that no 
amount of steadiness compatible with flotation would 
be sufficient to preserve the internal equilibrium of 
certain extremely susceptible persons. But we know, 
generally, that with vessels of like form, increase of 
size gives increased steadiness. The writer was one 
of the passengers by the Great Eastern on her first 
voyage across the Atlantic, and although he might 
give here the maximum amount of rolling, and the 
frequency of oscillation, as determined from repeated 
and careful observations, it will be more to the purpose 
to say that table “guards” were not once required at 
dinner, and that the ship rode almost without any roll- 
ing or pitching motion whatever, while vessels of 
ordinary dimensions were making rough weather of it 
a few cables’ lengths off. We know, even without any 
reference to this bit of personal experience, that. we 
may adopt larger and larger dimensions for a vessel 
with the certamty of making it steadier, and of 
thereby lessening, if we do not absolutely remove, 
the causes of sea-sickness. It is a question of 
judgment how far we may go in increasing the 
size of our channel steamboats. As a mere matter 


of construction we could make them of almost any | 


size, even so that their own length should form a re- 


spectable proportion of the whole distance between | 
Our plans must be governed, 
however, by the probable traffic, and, here again, we | 


England and France. 


are left to conjecture what increase of communication 
would follow a nearly total prevention of sea-sickness. 


Hawkshaw among them, count so largely upon this 
increase as to believe that a tunnel, were it to cost ten 
or even fifteen millions, would eventually become a 
profitable undertaking. Yet even were the tunnel 
made, and supposing no apprehensions to exist as to 





cally the same as a small boat in a smooth sea, and 


but few 
they can be assured of a really smooth passage. 

Supposing such a boat, with a displacement of 
15,000 tons, 100,000 square feet of wetted surface, and 
1000 square feet of immersed midship section, four 
pairs of engines, each of 600 horse power, and working 
collectively up to 12,000 indicated, would drive her 
at the requisite speed, each pair of engines driving a 
single paddle-wheel ; and 1 vl it would be prac- 
ticable to apply the whole power through one pair of 
wheels, we believe that, for many reasons, four wheels, 
with 300 feet between the front and hind pairs, so as 
to insure still water for the hind wheels, would be 
preferable. Each boat would far exceed in capacity 
and in what we understand as accommodation the 
whole Holyhead and Kingstown fleet, but would not, 
nevertheless, require their collective indicated power 
to drive it at the same speed. The consumption of a 
few tons of coal, more or less, in an hour’s run is not 
a matter of very great importance, and with properly 
constructed engines, burning 2b. per indicated horse 
power per hour, less than 15 tons should suffice for 
each passage at full speed, this being about one-half 
that burnt by a single Holyhead boat when making her 
contract time across the Irish Channel. 








COAL IN RUSSIA. 


Any inhabitable country having important coal-fields 
or mines of ironstone is sure at some period to become 
the seat of important industry and extensive com- 
merce, however barbarous and deserted it may be at 
the present time. Capital, in its constant search for 
employment, will sooner or later be directed to it, and 
the natural wealth dormant in the ground will speedily 
rise to the surface. English capital just now is in a 
‘semen explorative and searching mood. It has 

ecome distrustful of the home market and of British 
limited liability. The great progressive movements in 
India, too, which received such a powerful stimulus 
during the American war by the scarcity of cotton, 
have ceased to attract British capital, not from any want 
of good prospects or sound policy in the advancement 
of railway and road communication, irrigation, and cul- 
tivation in India, but owing to the natural reaction 
which always follows every accidentally stimulated 
movement. America relies upon her own resources, 
and there is no recent discovery of new gold-diggings 
to draw off an emigration of labour and capital in the 
rapid growth of a new colony. Still capital must find 
employment, and so it turns to the continent of 
—— for a market, and no doubt will readily find it 
there. 

The Russian Government has concluded a loan for 
carrying out some of the monster lines of railway 
which that country requires and is determined to have 
at any cost or saerifice. The conviction has become 
universal in Russia that the great want of that country 
is increased facilities of communication, whether re- 
garded from a military or commercial point of view. 
No doubt the Russian Government, in asking for 
a railway loan, considered the first point as incom- 
parably the more inportant one; but it is equally cer- 


jtain that the capitalists of England, in lending the 
0 |money, think of the commercial consideration first. 
We know that some of our ablest engineers, Mr. 


It would be of little advantage to construct thousands 


| of miles of railway in a country which has not and is 


not likely to have anything to carry upon them but 
troops and war materials. If Russian railways are to 


|pay their shareholders, or if the bondholders of the 


railway loans are to obtain substantial and lasting ad- 


its perfect security, it is not every one that would pre- | vantages from their investments, the first condition is 
fer a ride of twenty-five miles under the sea when he | that the stimulus given to the agriculture and manu- 
could cross over it in nearly the same time. We are of | factures of Russia itself by improved means of com- 
opmion that if a tunnel is commercialiy practicable, so, | munication, and by the concentration of population 


at least, are four or six boats, even 800 ft. long and 


and wealth in the districts traversed, shall be capable 


160 ft. beam boats which, at the same time need draw | of creating a prosperous native industry and an ex- 


(=) 


but a very few feet of water. We aren suggest | 


a wide boat, the beam being one-fift 


1 instead of one-|-terials, and manufactured goods. 
tenth the length, and, as in Mr. Reed’s comparatively | 
short ships of war, we would make up for the great | 
proportionate width by increased engine power. We | 
should, at any rate, get a practically motionless ship, | 


tensive interchange of agricultural produce, raw ma- 

The first practical 
question which bears on this point is this—Does Russia 
possess coal? There is a very complete and satis- 
factory reply to this question contained: in the recent 
report made by Mr. Sidney Locock to the Foreign 


80 far as rolling and pitching are concerned, and this | Office of this country. “There is perhaps no country 
in the roughest sea, supposing the vessel to have |“ in Europe,” says Mr. Locock, “where such large 


ull way on her. That there would be absolutely 


no rolling we do not pretend, but it is not un- 
reasonable to believe that this would be so little 
that not one passenger in fifty would be affected 
by it, any more than by the motion of the little 
craft upon which so many thousands ride daily, 
and wit 

The very 


out internal disturbance, upon the Thames. 
large boat in a rough sea would be practi- 





* coal districts exist as in Russia, and where so little 
“has been done towards turning them to account. 
** Wide tracts have been discovered in the Oural 
* mountains, in the neighbourhood of Moscow, and in 
“the regions bordering on the Don; but it is but 
“here and there that coal-pits have been formed, and 
“these have been generally worked without system, 
“ without skilled labour, without proper machinery, 


aap hesitate to cross the Channel if 


“ without capital, and, in many cases, without an ac- 
“ cessible market. It is not ne, therefore, 
“that Russia has hitherto derived small advantage 
“ from what might, under other circumstances, be a 
“ valuable source of wealth.” 

In this report we find that the town of Moscow 
forms the centre of an enormous coal-field, extertding 
400 miles in one direction and ‘about 300 miles in the 
other, and continuing in a long line northwards until 
it reaches the shore of the White Sea to the east of 
Archangel. The coal from this vast field is not of the 
best quality, and although it is used as steam coal and 
for gas-making, it is unsuitable for smelting iron. This, 
although a serious drawback in the present state of the 
iron manufacture, does not materially impair the 
prospects of this already industrial district if once 
opened up by railways and river navigation. Russia 
has a plentiful supply of wood, and its superior ores 
may be smelted with charcoal or with coke carried 
from a distance, or future improvements may make it 
possible to reduce the iron ore with this inferior coal 
or the products derived from it. We have seen how 
modern improvments have made the greatest number of 
operations in the iron manufactures almost independent 
of the quality of fuel. The Siemens furnace has made 
puddling, welding, and even steel-melting possible 
with no better fuel than the lignite or brown 
coal of Styria or the most common coal slack in 
Sheffield; and the Bessemer process allows of the 
manufacture of malleable iron and steel, we are almost 
tempted to say, without any fuel at all. The coal-field 
of Moscow is, therefore, fully capable of forming the 
basis for manufactures of every kind up to the same 
enormous scale upon which the mineral fuel has been 
deposited in that district. The analysis of the 
Moscow coal shows 43 to 58 per cent. of gas, 41 to 31 
per cent. of solid carbon, and 10 to 11 per cent. of 
ashes. Its heating power compared with Newcastle 
coal has been set down as 5 to 8. The present price 
at the pit’s mouth is about 4s. 8d. to 5s. 6d. per ton. 

The coal field nearly surrounded by the Don river 
is of equal if not of greater importance. It is 
180 miles long and 100 miles broad. The best kind of 
coal in the Don district is anthracite, which appears 
there in numerous strata varying from 2 to 7 ft. in 
thickness ; it contains from 72 to 91 per cent. of solid 
carbon ashes, varying from 1 to 10 per cent., and un- 
fortunately a quantity of sulphur amounting to as much 
as 5.45 per cent. This field, close to a great navigable 
river and in the vicinity of the sea-coast, gives increased 
value to this coal district ; only the presence of so large 
a proportion of sulphur will have to be met by suitable 
treatment before applying this coal to the manufacture 
of iron, The method of washing coal, as practised in 
Belgium, Saarbriick, Hungary, and Bohemia, will 
have to be resorted to in this case, and, in all proba- 
bility, will yield the same excellent results. 

Coal has also been found near Kherson and in 
Poland, and probably might have been found in man 
other localities if it ever had been looked for. Wit 
regard to this principal element of national wealth, 
Russia appears to be supplied to so great an extent 
that the prospects of railway enterprise in Russia, if 
considered from this point of view, may be called very 
satisfactory. 








New Enaryes on THE Metropouiran Rattway.—Th® 
Great Western Railway Company are now employing a new 
class of broad-gauge engines for working their traffic over the 
Metropolitan line. These engines which have been designed by 
Mr. J. Armstrong, and built fy him at the company’s works at 
Swindon, have inside cylinders 17in. in diameter with 24 in. 
stroke, and three pairs of coupled wheels 4 ft. 6 in. in diameter. 
They have wing tanks, which hold 900 gallons of water, and are 
fitted with a similar condensing arrangement to that employed on 
the narrow-gauge engines of the Metropolitan Railway Company. 
The weight of the new engines, in working order is about 40 
tons, the weight being very equally divided between the three 
pairs of wheels. These engines, of which we intend shortly to 
publish engravings, were designed for working the Great Western 
goods trains over the Metropolitan Railway; but as the open- 
ing of that line for goods traffic has been delayed, two of them 
are now running with passenger trains, aud are found to do their 
work exceedingly well. They are worked at a pressure of 
140 lb. per square inch. 

SurpMents oF Coat To .FrRancE.—France is the largest 
foreign consumer of our coal. In the first ten months of this 
year we sent 1,522,736 tons to that empire, as compared with 
1,309,048 tons in the corresponding period of 1865, and 
1,165,915 tons in the corresponding period of 1864. ‘The value 
of the coal shipped to France, to October 31 this year, was 
711,928/., as compared with 588,862/. and 496,446/, in the cor- 
responding periods of 1865 and 1864. The increase in the con- 
sumption of coal in France is extraordinary. Not only has the 
indigenous production of France been carried from 3,000,000 to 
12,000,000 tons per annum under the present régime, but the 
French consumption of English coal is larger than ever, while 
considerable quantities of coal are now being sent to France— 
even into the departments of the Nord and the Pas de Calais— 





from the German collieries of the Ruhr. 
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RAILWAY SLEEPERS IN INDIA. 


Wuew the East Indian Railway was commenced, 
Saul timber of fine old growth could be purchased for 
eight annas a cubic foot, and it was almost exclusively 
uged as railway sleepers on that line, the fatal destruc- 
tion to most other kinds of wood caused by the all- 

rvading white ants rendering the use of a strong 
pard wood absolutely necessary; now, however, the | 
demand has become so great, owing to the rapid ex-| 
tension of the railway system throughout India, and 
that timber is getting so scarce, that it can with diffi- 
culty be procured for three times that sum, or three 





shillings the cubic foot. And not only this, but, in 


order to meet the increasing demands, the trees are| jron sleeper of concave form, of the same length and 
being cut down before attaining maturity, and the| breadth as the wooden one at present in use, so made 
timber so obtained, as a matter of course, soon decays. \that it will answer all the purposes of the wooden 
A great number of creosoted sleepers have, from time | sleeper, as well for 


to time, been sent out from England, but these, at 
best, last but a very short time. In the Eastern 
Bengal Railway, which was laid throughout with 
sleepers of this description, and which has been opened 
little more than three years, thousands of them have 
been changed, and thousands more are stated to re- 
quire changing. Their present cost is five rupees 
apiece, laid down in Calcutta; but the price will, of 
course, increase with the demand, and the demand is 
increasing yearly. It requires 6107 cubic feet of 
timber to lay one mile of railway, and this must be re- 
placed at least once every five years; so that taking 
the present sanctioned mileage, including sidings, &c., 
at 8355, above 51 millions of cubic feet of timber would 
be required for sleepers every five years. 

It _ been positively asserted that the accessible 
Saul forests of India are insufficient to supply the pro- 
spective demand; various plans have therefore been 
suggested for replacing wooden sleepers, but hitherto 
without satisfactory success; some of the cast-iron 
sleepers no doubt are good, but the bearing surface in 
all is comparatively small, and none can be applied to 
points and crossings. Greaves’s patent bowl sleepers 
are — the best of the many that have been tried, 
but they have many faults. At the present price of 
iron they may be laid down in Calcutta for six rupees 
eight annas the pair. This would not be an extrava- 
gant price if they came up to the requirements in 
other respects, but they require to be packed with 
sand, which is objectionable for several reasons : firstly, 
when the train passes along a cloud of find sand rises 
and finds its way into all the moving parts of the 
rolling stock; secondly, when a shower of rain falls, 
the sand is washed off from the line in large quantities, 
to prevent which, in some measure, on a portion of the 
Calcutta and South-Eastern Railway which is laid with 
these sleepers, a retaining wall has been built on either 
side of the line, causing an additional expenditure of 
three rupees per sleeper, thus making the actual cost 
nine rupees eight annas the pair; thirdly, the bearing 
surface is considerably less than that of the wooden 
vers. There is also great difficulty in getting 
wat to pack these bowl sleepers evenly without 


slee 
wor 


| 





risking the breaking of the tie bar, and throwing the | 


rail out of cant. Several kinds of cast-iron sleepers 
have been tried on the East Indian Railway, but with- 
out any satisfactory results. 

In Mr. Danvers’s report on Railways in India for the 
year 1862-63, we find the following allusion made to 
this subject: “It may here be mentioned, in con- 
nexion with the 
as with ships in 


the two combined, being tested. On several lines the 
wood which has been used has rapidly decayed, and it 
has been found expedient to try iron as a substitute. 
By some people the use of iron sleepers is objected to, 
as 
and rolling stock. This apprehension, however, has 
not been borne out by the experience hitherto gained 
in India. A sufficient number of iron sleepers 
for 755 miles has been sent out by the following com- 


panies, after obtaining the opinions of their consulting 


engineers, who expect a great saving in the cost of 
maintenance : 


Miles. 
East Indian Railwa; oe 97 
Great Indian Peninsula 132 
Madras one 401 
Punjab... 125 


“The necessity for substituting iron may, to some 
extent, be. attributed to the high price of wood in 
India as well as to its tendency to decay. The high 

rice has caused surprise; but it is owing to the 
Dificulty and expense of conveying the timber, when 
hewn, to its destination, and to the absence of any 
competition among those who are accustomed to the 
business. It has, under these circumstances, been 


—_— of maintenance of way, that, | 
~~ so with railways in India is 
the relative value for sleepers of iron and wood, and of | 


| sterling. 


| prey an injurious effect upon the locomotive | 


found cheaper to send out from this country creosoted 
— made of Baltic timber, than to use those 
made of indigenous wood.” 

The following is a description of Shanks’s and Nel- 
son’s patent wrought-iron sleepers and improvements 
in permanent way material, which have been designed 
with a view to meeting the requirements more espe- 
cially of the railways in India. We are not aware that 
the plan has as yet been tried so that any practical 
conclusions could be drawn from experience of its 
working, and we therefore give the following descrip- 
tion as much as possible in Messrs. Shanks’s and Nel- 
son’s own words. 

It is proposed to introduce a transverse wrought- 


yoints and crossings as for any 
other part. It will ie replace the present one with- 
out any alteration of the permanent way material now 
in use, excepting the trenails, or spikes, for fixing the 
chairs, instead of which it is proposed to use screw 
bolts, which will pass down through the chairs and 
sleepers, the nuts being on the upper side. 

With reference to the mode of joining the rails, 
Messrs. Shanks and Nelson propose to effect a more 
solid and lasting joint by removing the two middle 
bolts of the fish-plates, substituting in their stead a 
sleeper with chairs. This arrangement, they state, 
combines all the advantages of the fish-plates, with the 
security and permanence of any other part of the rail, 
besides saving one thousand inch bolts in every wile of 
railway. It will also make the motion of the train 
over the joints as smooth as on any other part of the 
line, and thus effect a considerable saving in rails, as 
well as in the general wear and tear of the rolling stock 
and in the maintenance of the line. The following are 
some of the advantages said to be possessed by this 
patent : 

Ist. It is so strong, that without packing it will 
bear with perfect safety three times the weight that 
can be applied under the ordinary circumstances of a 
running line. 

2nd. It has practically a greater bearing surface than 
any other kind of sleeper. 

3rd. The saving in maintenance will be considerable. 

4th. From its great durability there will be no 
occasion to change a sleeper for many years. 

5th. As it can be made in any length, it is as well 
adapted for points and crossings as for ordinary use. 

6th. When it becomes useless on the line it is of 
more value than any other kind of sleeper. 

7th. Although its first cost will be little more 
than that of the wooden sleeper, yet in ten years a 
saving of 6840 rupees per mile will be effected. 

Taking the average life of a wooden sleeper at five 
years, and their cost per mile of railway at 8800 per 
mile, also the life of one of these iron sleepers being 
assumed at twenty-five years, they costing 12,520 
rupees per mile, the total saving effected by the use of 
the iron sleepers would, at the expiration of twenty- 
five years, amount to no less than 38,520 rupees per 
mile of railway, which, on 4755 miles, the extent at 


ere this, have been taken to avoid the recurrence of simi- 
lar inconveniences, by providing the railways with an 
efficient locomotive a rolling stock. Nevertheless we 
now learn from the Englishman that “ most of the rail- 
“way stations in the North Western Provinces are 
“are again blocked up with grain. Some stocks of 
“ grain bags rotted, the grain falling out ; and in some 
“ others the grain sprouting, or grass growing through 
“ the bags, indicated that those bags had been at ‘the 
“ station a long time, while fresh bags—evidently fresh 
“ arrivals—were going off. Immense heaps of grain 
“are lying out exposed to the rain without shelter, 
“except such tarpaulins or matting as the owners 
“ themselves apparently had provided.” This ill accords 
with the assertion made in the last report on railways 
in India, wherein it is stated as follows: “The great 
“demand for conveyances at certain places unfortu- 
“ nately led to undue preference and, it is apprehended, 
* corruption; but an end has been now put to these 
“ practices, and for the future a better system of 
“management will prevail.” The evil is to be met 
not simply by the adoption of an improved system of 
management, but by an increase to the available means 
of transport, and a considerable addition to the loco- 
motive and rolling stocks of the respective lines, so as 
to render them better prepared to meet the exigencies 
of any sudden strain upon their resources. 

The numberfof locomotive engines and carriages, &c., 
belonging to each company on 31st December last was 
as follows : 

Locomo- Passenger Trucks & 





tives. carriages. wagons, 
East Indian Railway $28 ... 528 ... 4667 
Great Indian Peninsula 143 ... 302 ... 8426 
Madras .. i me, we oc ow Be ow Se 
Bombay, Baroda, andC. I. ... 72 ... 237 ... 3922 
et ma a a a ww . ean Oe 
Punjab ... a a. B.. & 
Eastern Bengal... .. « 28 «. 102 370 
Great Southern of India —— es 173 
. Calcutta and South Eastern... Ss. «& 157 
Total woo 00 1600 16,077 

Not inconsiderable additions to both locomotive 


power and rolling stock have, during the present 
year, been added to the numbers above given; but on 
some of the lines—the East Indian and Great Indian 


| Peninsula in particular—the greatest possible efforts 


must still be made to supply sufficient accommodation 
and means of ran He for the ever-increasing traflic 
of those important lines of railway. 








RAILWAY WHEELS AND AXLES. 

Tue manufacture of railway carriage wheels, 
although apparently a very simple process, has been a 
field for the successful application of so much thought 
and ingenuity, that it forms at this moment a distinct 
speciality of great interest and importance. There are 
many works laid out especially and exclusively for this 
| branch of manufacture, and others, although not en- 
tirely occupied with it, find it useful to separate this 
branch of their business from every other, and to carry 
it on in distinct and special workshops. It is thus 





present open in India, including sidings, &c., would be 
equivalent to a saving of no less than 18,316,260/. 
Surely an invention promising such very 
satisfactory results will not remain long without a fair 
trial. 








INDIAN RAILWAY ROLLING STOCK. 


Tue traffic on the principal lines of railway in India | 


has, during the past year, exceeded the most sanguine 
| expectations. Upon the completion of the Allahabad 
bridge over the Jumna, on the East Indian, and of the 
Ghaut inclines of the Great Indian Peninsula Railway 
—the unfinished state of which works had, in former 
years, caused serious interruption to the traflic—the 
demand for the conveyance of goods was so great that 
the resources of the companies were inadequate to 
meet it. The rolling stock was insufficient, the loco- 
motive power was strained beyond what was desirable, 
and the officers and servants of the company were 
hardly equal to the unexpected pressure brought to 
bear upon them. This state of things unfortunately 
produced inconvenience and disappointment to the 
| public, and deprived the company of much that they 
| might have earned; but, greatly as it is to be regretted, 
| the primary cause of it cannot but be satisfactory to 
the Government and to the companies. The dead 
locks in the traffic arrangements of the above-men- 
tioned companies, owing to the sudden increase of the 
export of cotton on their lines is of sufficiently recent 
date not yet to have been forgotten, and it might conse- 
quently have been hoped that effective measures would, 








possible to combine in comparatively small works all 
| the modern improvements in plant and machinery, and 
| to carry on wheel-making on a limited scale with the 
same advantages of manufacture which large works 
possess, the latter being simply a repetition of several 
small sets of like appliances placed side by side. 
Wheel and axle making is one of the principal trades 
in Staffordshire, and the works there range from the 
very largest productive power down to a very limited 
plant. We have selected the Staffordshire Wheel and 
Axle Company’s works at Springhill as a fair repre- 
sentative of the present state of this manufacture, 
as they are of moderate size, and especially laid 
out for this kind of work. Carriage mtn are almost 
universally made to designs and according to specifica- 
tions furnished to the works, and which vary consider- 
ably ; still the greater number of wrought-iron wheels 
are made with segments formed by flat iron, bent to the 
well-known triangular shape. ‘The centre is then 
| welded up from the ends of these bent spokes, which 
{are rolled thicker for the purpose, or a cast-iron centre 
is run upon and encloses the ends of the spokes. For 
|forming the ring of the wheel, the triangular spaces 
‘left by the bends of the flat iron are sometimes filled 
|in bya piece of iron welded to both segments. ‘The 
principal tools required in the forge are therefore a 
| machine for bending the flat iron to the shape of the 
| segments forming the wheel, a steam-hammef ca able 
| of forging an axle from a pile of serap iron, a tyre rolling- 
| mill, and a suitable number of forge fires for welding and 
finishing by hand. The machine for bending spokes at 
| the Springhill Works is of an original and ingenious 
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design. The flat iron is bent round a solid block by 
two rollers guided in grooves of corresponding figure, 
and pressing the red-hot bar against the central block 
as they pass along, moved by a connecting-rod and 
crank-pin. The machine has a small high-pressure 
engine attached to it, and, by a cam movement, lifts 
every segment off its place for Temoval after its com- 
pletion. We hope at a future time to give an illustra- 
tion of this machine, the designs of which have been 
kindly promised by Mr. Barnard, the manager of these 
works. One machine of this kind is capable of making 
fifty to sixty segments per hour, on an average. For 
some kinds of wheels the bars, instead of being plain 
flat iron, are rolled to varying thicknesses, so as to 
form a thicker rim as compared with the thickness of 
the spokes when bent into a wheel segment. The ends 
in that case are also made thicker, and are intended, 
when brought together in the centre of the wheel, and 
filled up with suitable wrought-iron packing-pieces 
between, to be welded into a solid nave or boss. The 
welding of the boss is an operation of some difficulty, 
and must be performed in dies to produce a good- 
looking article. The dies at the Springhill Works are 
made of cast iron, and occasionally of chilled iron, the 
latter requiring additional metal in all parts taking any 
strain, owing to the brittleness of the material. The 
moulds are used under a 45 ewt. hammer, or still more 
advantageously in a hydraulic press. There are three 
large hydraulic presses in operation at Springhill. They 
are placed side by side, and are worked each by 
a vertical steam cylinder, the piston-rods of which 
are connected to the pump-plunger. The steam 
cylinders are 4 ft. in diameter and about 6 ft. high, 
and a single stroke of the piston only is required 
for the movement of the press. There is, however, 
no provision made for a quick movement of the 
hydraulic ram, as in modern forging-presses, the 
motions being all of a uniform speed. For the manu- 
facture of wrought-iron wheels with spokes varying 
both in width and in thickness, and which cannot be 
made from bent bars, the rim of the wheel is made by 
first bending up a flat bar and welding it into a hoop 
of suitable dimensions. This ring is then hung up in 
a vertical position in a forge fire carried on the side of 
a vertical frame, and with a water tuyere attached 
behind the frame, so that the ring is quickly brought to 
a welding heat at the spot exposed to the fire. A spoke 
made singly to the exact dimension is brought toa 
welding heat in another forge fire, and then welded on 
to the ring, which is held in a vertical position, with 
the heated part at the bottom placed upon an anvil. A 
recent improvement introduced by Mr. Barnard is the 
application of a movable water-bosh, which can slide 
up and down in the vertical frame suspending the 
shale By these means the height of the forge fire for 
suspending the ring can be adjusted for wheels of 
different diameters, so as to bring the heated part of 
the wheel upon the anvil by a simple swing of the 
crane, without any raising or lowering. 

Wheels with cast-iron bosses are made by placing 
the wrought-iron segments with their ends into a cast- 
iron mould in which the boss is cast, and which acts as 
a chill. The boss is removed from the mould very 
soon after casting, and in a red-hot state, after which 
it is allowed to cool in the open air. The ends of the 
segment bars are painted with tar, instead of being 
tinned, as suastiend in some other establishments, and 
the tar seems to answer very well, and is much cheaper. 
The manufacture of tyres is not as yet carried out at 
the Springhill Works, but a tyre rolling-mill for finish- 
ing welded or weldless tyres on an improved plan is 
now intended to be put down there. this will neces- 
sitate a further addition of a powerful steam-hammer, 
and other plant, which will considerably increase the 
power of production of the establishment. For finish- 
ing the work a turning-shop fitted with several double- 
wheel lathes, boring machines, and slotting machines 
is in operation. There being many wheels specified 
with tyres turned and bored all over, and occasionally 
with groovesturned in for peculiar methods of fastening, 
a factory for wheels and axles must always be fitted 
out with a very large plant of engineers’ tools, com- 
pared with forges and works producing railway plant of 
other kind. The axles are forged from best scrap iron 
piled in straight layers, and then swaged under the 
steam-hammer to the proper size. ‘They are then 
turned, and the wheels forced on in the usual way. 








Tae Lumiey Rupper.—The paddle-wheel steamer McLeod, 
of the Lumley radder of which we gave engravings last week, is 
of the following dimensions : Length, 220 ft.; beam, 28 ft. 8 in.; 
and draught, 3 ft.6in. The width of the main body of the 
rudder, from the stern-post to the inside edge of the taii-piece, 
18 3 ft. 8in., whilst that of the tail-piece itself is 1ft. 11in., 
paking the total width of the rudder at the widest part 

7 in. 


ort. 





NOTES ON ORDNANCE AND PROJECTILES. 


AMERICAN rifles of the ‘‘ backwoodsman” kind have a bore of 
about } or gin., the barrel is very long, and of nearly uniform 
thickness from end to end, this thickness being equal to the 
diameter of the bore. The barrels are octagonal on their out- 
sides. The great length of the barrel is to insure accuracy, and 
the complete conversion of the force of the powder into useful 
work. The great thickness of the barrel is to give weight to 
prevent recoil or other disturbance in firing. 

The average price of cast-iron ordnance, as formerly furnished 
by contract to the Government, was 20/. per ton. 

The action of a mixture of sulphuric and nitric acid on cane- 
sugar forms — insoluble mass, which, when first washed 
with water and dried, and then highly heated, explodes without 
residue. It is known as explosive sugar. 

Cast-iron guns, cast fromthe same metal, have been found 
to withstand harder service when kept a few years or even 
a few months before testing, than when fired while new. 

Three hundred i3in. shells have been fired consecutively from 
a single mortar at intervals of only two minutes each. 

If two parts of chlorate of potash and one of sulphide of 
antimony be spread over gunpowder, the smallest spark of in- 
duced electricity directed upon it will ignite the powder. 

The browning process, in the manufacture of the Enfield rifle 
occupies four weeks. 

At its initial velocity of 1300 ft. per second, Mr. Whitworth’s 
5 lb. projectile revolves 400 times a second. 

Mr. Bidder has estimated that, in Whitworth’s 3 1b. gun, 8 oz. 
of powder exerts a force of 28,000 horse power for the two hun- 
dredth part of a second. ‘The force derivable from 1]b. of pow- 
der is less than one-third that which may be obtained from 1 Ib. 
of coal, when burnt in the furnace of a steam engine. 

An internal coating of kamptulicon, which is a mixture of 
powdered cork and india-rubber, has been found such a protec- 
tion to the plates of iron vessels, that when an 8 in. shot was 
fired through a thickness of 1 ft. of this substance, it closed so 
tightly that the end of a walking-stick could not be forced into 
the hole. 

The monster wrought-iron gun made by Messrs. Horsfall, of 
Liverpool, weighed 21 tons 17 ewt. 1 qr. 171b. Its length over 
all was 16 ft. 3 in., and greatest diameter 3 ft. 8 in. 

The number of distinct operations required in the construction 
of an Enfield rifle is said to amount to 769. 

Tn one day of twenty-four hours, during the Russian war, up- 
wards of 10,400 shells were cast at Woolwich Arsenal. 

Mr. Whitworth has fired, from a hexagonally bored 24-pound 
howitzer, shells of ten diameters in length. ~ 

The cost of the Enfield rifle, as delivered at the Government 
works, is 22. 5s. 

Until 1858, guns were bored at Woolwich Arsenal by means 
of horse machinery. 

The minimum pull on the trigger, in discharging an Enfield 
rifle, is 6 Ib. 

In the historical collection at the Palace at Berlin there are 
two cannon-balls, each with one side flattened, said to have been 
fired by opposite parties at the siege of Magdeburg, and to have 
met together in the air. 

White gunpowder is composed of 1 sugar, 1 yellow prussiate 
of potash, and 2 chlorate of potash, mixed with water, and 
triturated for fifteen minutes in a mortar, after which it is 
granulated by passing through a sieve. Its strength is very 
much greater than that of common gunpowder. 

Major Wade, of the United States Board of Ordnance, some 
time ago found that a gun, burst with hydrostatic pressure, 
showed only about one-third of the strength exhibited under 
direct tensile strain in a testing machine. Among many similar 
results, a gun burst with a pressure of 9000 lb. per square inch 
of resisting metal, Whereas a sample bar of the same iron bore 
27,350 lb. per square inch before breaking. 

In the action between the Foudroyant and the Guillaume 
Tell, during the last French war, the former fired 2758 shot, 
weighing 72,584 Ib., at the latter, which struck after an action 
of 2 hours 20 minutes. 

The explosion of one volume of gunpowder has been found to 
produce 450 volumes of gas. As this gas is produced, however, 
at a temperature estimated variously from 2200 deg. to 4352 
deg., the momentary volume is probably more than 2000 times 
the original bulk of the powder. 

Sir W. Armstrong has declared that, at low elevations, a long 
projectile, fired from a rifled gun, attains a greater range in a 
resisting atmosphere than in vacuo. The increased range he 
attributes to the buoyant property of the air. 

A shell of the kind used in the Armstrong guns, and burst in 
a closed chamber, was found to have separated into 106 pieces 
of cast iron, 99 of lead, and 12 of fuze, making in all 217 frag- 
ments. 

It is contended by some experimenters that the resistance of 
the air to a spherical shot is due to the whole disc of the shot, 
projected asa flat surface against the air, while others insist 
that the resistance of a sphere, in such a case, is only one-half 
that of a flat-fronted shot of the same diameter. 

There are fifty-eight parts of an Enfield rifle, each part, in its 
manufacture, going through thirty operations on an average. 

The greatest test to which Mr. Mallet’s 36-in. mortar was 
subjected was that of throwing a shell weighing 2481 Ib. to a 
distance of 2758 yards, or more than a mile anda half. The 
projecting charge of powder weighed 801b. The mortar, in- 
o. the bed, weighed 52 tons, the length of chase being 
73 ft 


Rumford has shown that all inflamed bodies may be extin- 
guished by cooling agency. Even the explosion of gunpowder 
may be thus arrested, and its incipient inflammation extin- 
guished by directing on it a strong blast of air. 

On one occasion, in an engagement at the Cape, 80,000 
cartridges were fired to kill twenty-five men. 

If falminating mercury be laid upon a block of iron and ex- 
ploded, it will indent the iron. 

The fire-arm called the pistol is so named from Pistoia, in 
Etruria, a place celebrated for the manufacture of that species of 
arms. 

The long Enfield rifle (3 ft. 3 in. barrel) weighs 9b. 30z. 
Each of the three grooves is three times deeper at the’breech than 
at the muzzle, 





In testing muskets by hydrostatic ure, the elasticity of 
sound barrels, 40 in. long, has been found to be such that a 
column of water in them of that length was shortened jin. by a 
pressure of 2400 lb. When the ~— was removed the water 
nearly recovered its original heig’ t. 

Some of the cannon cast at Adrianople, in the middle of the 
fifteenth century, were capable of throwing stone shot of 600 lb. 
weight. Larger calibres, capable of throwing granite shot of 
1200 lb., were afterwards cast. 

The bore of the Jiiger rifle is .894 in., of Whitworth’s rifle 
.45 in., and of the Enfield rifle .577 in. 

The friction of the lead-coated projectiles in the chase of the 
Armstrong gun is such that the rifling, and even the metal of 
the barrel itself, is sometimes stripped out like so much paper. 

Mr. Whitworth has fired ten shots, placed one over the other, 
at one discharge of his 3-pounder gun, but in loading with eleven 
shots the powder could not project them, but burnt out through 
the vent. 

Mr. Whitworth has fired flat-fronted projectiles (24 lb.) 
through 30 ft. of water and 3 ft. of oak, the shot passing several 
feet further into mud. < 

The English forces fired 251,872 rounds of shot and shell 
during the whole siege of Sebastopol. 

A pistol-ball fired through a pane of glass leaves only a smooth 
round hole. 

Mr. Longridge has found the explosive force of gunpowder to 
be equal to a pressure of 17 tons per square inch upon the inner 
surface of the chamber of the gun. 

Messrs. Walker, of the Gospel Oak Works, near Bilston, 
executed an order for the Egyptian Government, in 1843 and 
1844, for a 20-in. mortar, to throw a shell of 658 lb. weight ; ten 
15,5 in. guns, to throw 456 lb. shot, besides a number of 10-in. 

uns. 

. A body projected into the air, like a bullet from a gun, occu- 
ies the same time in its ascent as in its descent to the level 
rom which it starteds 

A mixture of three parts of chlorate of potash and one part of 
sulphur detonates violently on being struck on an anvil. 

One ounce of best fine powder should project a 241b. ball 300 

ards. 

. The celebrated cannon, Mad Margery, at Ghent, was made 

before the year 1382. It is of hammered iron, hooped like a tub, 

and is 18 ft. long, and about 40 in. in diameter. 

The guns cast at Liége for the Belgian Government are not 
turned on their outsides, the external crust of the casting being 
considered to have a much greater strength than the interior. 

In testing a 10 in. or 180 1b. gun at Deal, it was found that 
6 Ib. out of a charge of 321b. of powder were blown out of the 
gun unignited, and that the range with 32 lb. of powder was less 
than with 26 lb. 

The parts of the Enfield rifle, when taken indiscriminately 
from a multitude of similar parts, have been put together in 
2} minutes. 

If gunpowder be covered with spirits of turpentine, the latter 
only, when ignited, will burn, 

T he rifles used by the Piedmontese Bersagliere have eight 
grooves, making one turn each in every 17 in. of the length of 
the barrel. 

The greatest range ever attained by any Armstrong gun was 
5 miles 380 yards. This was with a 32-pounder, fired with a 
charge of 6 1b., at an elevation of 35°. 

The explosive force of common gunpowder is increased by 
mixing it with a small proportion of sawdust. Powdered resin 
increases its explosive energy in a greater degree. 

In some trials made by the French artillery at Metz, a long, 
rectangular, open-topped wooden trough, about 12in. wide, the 
same in depth, and 20 ft. long, was made, one end being of india- 
rubber cloth. On being filled with water and a common musket 
bullet fired horizontally into the water, through the india-rubber 
end, the impact so communicated to the water split the trough 
completely in pieces. 

On the explosion of a mortar, under the ordinary charge, at 
Woolwich, in March, 1856, portions of the iron were thrown to 
a distance of 800 ft. 

A projectile which would be thrown, with the best English 
gunpowder, to a distance of 1200 yards, is thrown only 300 
yards with Chinese ae. 

The greatest range which can be obtained from a gun is had 
when the piece is inclined at an angle of 45°. 

In the Berlin Arsenal are two leather guns used by Gustavus 
the Great in the Thirty Years’ War. 

Mr. Longridge has estimated that the mean pressure in a 
Whitworth 80-pounder gun, when the projectile is discharged at 
the rate of 1800 ft. per second, is 313,696 lb., of which the re- 
sistance of the friction of the shot in the grooves, and that to 
rotation, is estimated at 6796 Ib. 

A keg of gunpowder, exploded on the crown of an arch of 
masonry, will generally destroy it. The philosophy of this 
phenomenon is that a temporary partial vacuum is created, b 
the explosion, over the arch, the voussoirs of which are immedi- 
ately lees upward by the preponderating pressure of the 
atmosphere beneath. : 

Taking the initial velocity of an Enfield rifle-ball as 1800 ft. 
per second, it makes 200 revolutions per second on leaving the 

jiece. 

“ At Finspong, in Sweden, cannon are cast with iron taken 

direct from the blast-furnace. 

A charge of gunpowder, laid-u 
than a few feet under water, will generally upon its explosion 
shatter the rock. In this way M. Maillifert broke up some very 
dangerous rocks in one of the entrances of New York Harbour. 
The Vanguard Rock, in Plymouth Sound, was afterwards de- 
stroyed in the same manner, a ton of gunpowder having been 
exploded upon its surface more than 40 ft. under water. 

The Enfield rifle barre! is 39 in. long, and has three grooves 
with a pitch of 6 ft. 6 in. ; 

Iron which possesses the highest tensile strength will not 
necessarily make the strongest ordnance. Under the concus- 
sions produced by firing, a certain amount of elasticity is as im- 
portant as strength. : 

It has been found that in very small capillary tubes—say of 
the s3z in. in diameter—water may be cooled as low as 5 deg. 
before freezing. Under the same circumstances water may be 
heated considerably above 212 deg. before boiling. 


the surface of a rock more 
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METROPOLIS WATER SUPPLY. 

Tue coming session of Parliament, as well as the 
current session of the Institution of Civil Engineers, 
can hardly close without exhaustive discussions upon 
the best modes of increasing the quantity and im- 
proving the quality of the water supply to the metro- 
polis. And however we may. complain of the delay 
and often unsatisfactory conclusions of royal commis- 
sions, we believe that her Majesty’s Ministers cannot 
do less than support a petition for the royal reference 
customary in cases of such vast importance to the 
public health and convenience. At present we have 
upwards of three million people drinking water from 
the Thames and the Lea—water collected from wide 
cultivated districts, and unquestionably contaminated 
with the impurities of town drainage, or, in more 
familiar and unmistakable phrase, sewage. Nature 
filters rain-water by percolation and organic decompo- 
sition at pasta te depths, and the London water 
companies imitate the process by a rapid straining of the 
contents of small pools of water through three or four or 
five feet of sand and gravel, a straining which is even 
more effective than could be expected, but which is not 
sufficient to purify the water, although it is only a 
question as to what extent of comparative purification 
is necessary to render water fit to drink. The lesson of 
this year is that cholera may accompanyan impure water 
supply ; and, if we ay sem. from the comparative 
exemption of Glasgow, Manchester, and Sheffield, that 
it is kept off by pure water, makes the question of 
purity one of the most pressing importance. Con- 
struing ‘the purity of water with some allowance of 
degree, tiearly all are agreed as to its importance ; but 
the difference’ between the liquid treasures of Loch 
Katrine and the (now well known to have been) un- 
filtered water which carried death last summer to the 
East London Company’s district is only one of degree. 

It is only upon the question of the degree of im- 
purity which may be tolerated in drinking-water that 
engineers differ and doctors disagree. ‘To the outside 
public it would seem that, however little these differ- 
ences may be, we ought to select the purest water we 
can obtain. We know we cannot obtain it from the 
Thames nor the Lea, and it is questionable whether we 
can obtain it from the chalk; but we can obtain water 
of great comparative purity from Wales and from 
Westmoreland. It is a fearful responsibility to incur, 
if by bringing sewaged water into London—and all 
the water now drunk here is sewage, highly diluted— 
we invite pestilence ; and although human life ought to 
be reckoned priceless, it costs the country 500/. at least 
for the growth of each adult human being. Taking 
this simple basis of calculation, it was a loss of five 
millions this year when cholera carried off at least 
10,000 of the population of London. 

Since it has been declared law that the towns upon 
the Thames above London shall no longer discharge 
their sewage into that river, it has been maintained by 
a considerable body of engineers that Thames water 
will, after filtration, always be sufliciently pure for 
drinking. Mr. Bailey Denton forme & that the 
London water supply be taken from the district within 
which the Thames has its sources; but here, although 
we should avoid the impurities of the lower portions 
of the river, it is more than doubtful whether the 
drainage of a comparatively low-lying district having 
only a very moderate rainfall would be sutflicient for 
the full supply of London. We Ye ge at least fifty 
gallons per head of population daily, or upwards of 
150,000,000 gallons daily, and our prospective sources 
of supply must be sufficient to give a stream equal to 
100 ft. wide, 4 ft. deep, and moving at the rate of one 
mile an hour, Any one who knows the upper Thames 
knows that, even were that stream to be directed into 
an aqueduct, the entire head waters of the Thames 
drainage area would afford no such supply. 

Others tell us that the chalk contains all the water 
we require, although no experiments upon —— 
have been made to give the least probability to the 
notion that the chalk will supply even one-fourth of 
the water required for London. We have visited 
nearly every one of the large breweries in the metro- 
polis, and we know that most of them have deep wells, 
into the chalk, which have lowered from 2 ft. to 3 ft. 
yer year for a long series of years. Messrs. Combe; 

elafield and Co’s. wells have lowered 60 ft. in twenty- 
five years, and at other breweries the wells have failed 
altogether. So far as percolation goes, we can count 
upon but little in the London clay district, almost as 
impervious as the block-paving and macadam of 
London itself, and we are to bear in mind that the 
metropolis includes nearly 125 square miles. Most of 
the water in the chalk must have percolated into out- 
crops far away, and the rate of transmission through 
the chalk is so slow that, in any case, an extensive and 





costly series of wells and pumps would be necessa 
to collect this water of percolation, and render it avail- 
able for a steady supply. 

The philosophy of the water-bearing and water- 
carrying powers of the London chalk was well set 
forth by Mr. Hawkshaw, on the occasion of the dis- 
cussion, at the Institution of the Civil Engineers in 
1859, of Mr. C. E. Amos’s paper on the Trafalgar 
Square Waterworks. He said: 

“*T was called upon some years ago to report upon a 
scheme for supplying London with water from Wat- 
ford by sinking a large well adjacent to the river’ 
Colne, and I then found, as appeared to be still the 
ease, that there existed some misconception upon 
what I consider to be a very simple question. Water 
cannot be pumped from wells sunk into the chalk, or 
into any other water-bearing stratum, beyond a cer- 
tain quantity, without affecting the level of those 
wells. This will be evident upon a little considera- 
tion. Subterranean reservoirs, as I may perhaps be 
permitted to call them, are similar to all other reser- 
voirs, and follow precisely the same law. If a well be 
sunk into a subterranean reservoir, in which the water 
happens to come in faster than it is pumped out, that 
reservoir will remain full; that is to say, it will con- 
tinue at the precise level which happens to be deter- 
mined by the natural point of overflow or escape. But 
if the water is pumped out faster than it comes in, 
then the level must of necessity be reduced. This 
rule will apply to all wells, whether under London or 
elsewhere. A certain given quantity of water only 
ean be obtained from the chalk. Whenever that 
quantity is exceeded, the level of the reservoir from 
which the water is pumped will be lowered. I think 
a part of the confusion that seems to prevail on this 
subject arises from the disposal of the rainfall which it 
is usual to make, and which has been repeated during 
the discussion, that one-third is disposed of by evapo- 
ration, one-third by the rivers, and one-third by 
absorption or infiltration, and that this last portion 
alone is avaiable for pumping. Now, there is no such 
thing as infiltration in this sense ; vegetation absorbs 
a certain portion of water, and another portion sinks 
into the ground. But it is evident that so much of 
the rainfall as sinks into the earth, and is not taken up 
by vegetation or by evaporation, merely passes below 
the surface to again run out elsewhere—if not imme- 
diately into the sea, then into streams or rivers. Con- 
sequently the water which flows along the streams 
a rivers, or finds its way into the sea, must be the 
measure of that portion of the rainfall which pene- 
trates the quent by infiltration. I am surprised, 
therefore, to find that it is still considered possible to 
sink a well into the chalk and pump from it an unli- 
mited quantity of water, without affecting either the 
level of the well or the quantity carried off by the 
rivers. I do not dispute the statement that there are 
mee where large quantities may be pumped without 
owering the level, because there may be at those 
places a much greater influx than the quantity ab- 
stracted ; but there is no water-bearing stratum any- 
where from which it is not possible to pump such a 
quantity of water as will gradually exhaust it. 
some cases this may be a slow process, because, in 
addition to the annual quantity obtained from infiltra- 
tion, a supply may be drawn from water lying below 
the level of what may be termed the natural outlet, and 
accumulated there during long periods of years.” 

It will be reasonably apparent from Mr. Hawk- 
shaw’s remarks that we have no unfailing supply of 
water from the chalk, and we are left, then, to choose 
between neighbouring and distant drainage areas. To 
us it appears that we should consider only which water 
is best, and that the cost of carrying out the requisite 
works should form a secondary consideration. Even 
if the cost be ten or twenty millions, London cannot 
afford to tolerate a supply of impure water from pri- 
vate and practically irresponsible sources, as is now 
the case ; and however the coming inquiry may termi- 
nate, we think we see approaching the end of the 
existing water companies. 








MR. MALLET’S BUCKLED PLATES. 
To THe Eprror or ENGINEERING. 

Srr,—In your impression of 30th November last, p. 417, an 
error occurs in your notice of the prolongation granted of my 
patent for “ Buckled Plate Flooring, &c.,” which I should feel 
obliged by your correcting by publication of this note in your 
next one, as otherwise it may cause inconvenience to others as 
well as to myself. My address is not 11, Bridge-street, West- 
minster, as stated, but for several months past as below. 

I am, Sir, 
Your obedient Servant, 
7, Westminster-chambers, Ropert MALLET. 
Victoria-street, S.W., Dec. 3, 1866. 
Mr. Mallet had not informed us before of his change of 
ad —Ep. E. } 





CAPTAIN LIERNUR’S SEWERAGE SYSTEM. 
To Tre Eprror or ENGINEERING. 

S1r,—Since your description of my sewerage system has 
published, several readers of your journal to yt gr 
notes of inquiry, all more or less implying doubts upon the fol- 
lowing two essential points: 

Ist. The efficacy of pneumatic force to remove fecal matters 
in the manner proposed. 

.2ndly. The possibility of obtaining from the sale of the ex- 
cretse as manure the annual receipts anticipated. 

Please to allow me a small space in your columns for ex- 
planation. First, the efficacy of pneumatic force, for this kind 
of work, is well known, having been practically applied for at 
least twenty years, as can be daily seen in most large Conti- 
nental towns where it is used for emptying cesspools. The 
apparatus consists of a wagon carrying a reservoir of some 70 
cubic capacity, in which a vacuum has been made by the injec- 
tion of steam. A 4-inch flexible hose connects this reservoir 
with the cesspool. The average length of the hose is about 100 
feet, with a height of lift of about 14 feet, and, though the 
matter “‘ sucked up” is of a very plastic nature, no stoppages 
occur, and the process works very well, which deserves the more 
attention, as the hose must be filled over its entire length with 
this tenacious matter, and absorb thus much power in friction. 

Now the differences between this system and mine consist in 
using permanent 5-inch iron tubes under the ground, instead of 
4-inch flexible hoses above it; in using sinall iron cups, which 
are daily emptied, instead of the old large cesspools which distil 
poison for twenty years without interruption; and in applying 
— a great force for the removal of a small volume, instead 
of the long and steady pull which is necessary to empty the 
large contents of a cesspool. Any one can understand that, if 
the old process works well, the new one must work a hundred 
times better, and make a “cleaner job” of it. 

Secondly. I never did propose to secure the annual sum of 
ten shillings per head of population by the sale of the manure. 
No undertaking would be more hopeless. All branches of trade 
and industry run in certain grooves, but none in deeper and 
more established ones than the particular one of the farmer. 
Any scheme, the success of which would have to depend upon a 
revolution in his daily practice, would be madness ; farmers would, 
besides, be apt to try whether by waiting a year or so they could 
not make “the stuff a drug in the market,” and bring the price 
a “ little lower.” No, my plan is to utilise it on grounds owned 
or under control of the party that works the system—either the 
town itself or a company chartered for the purpose. The highest 
agricultural and chemical analysts have determined the fer- 
tilising value of human excrete; it is as well known as that of 
guano. That value can, therefore, practically be obtained b 
the sale of the increased yield of the grounds thus cultivated, 
and that without converting the farmers or awaiting their good- 
will. Now, as for the ready sale of good grain, or other bread- 
stuff, no “ revolution of customs” is required, there being always 
a willing market for it in a country like this, which must im- 
port food for half its population. It will be easily seen that it is 
perfectly practicable to draw an income of 50,000/. by the 
utilisation of the sewage of a town of 100,000 inhabitants, this 
having a known value of fully ten shillings per head, provided 
it is undiluted and undecomposed, as obtained by my method. 

Furthermore, this method, requiring but light iron pipes 
following the surface of the ground (as easily laid as gas-pipes), 
is so simple and cheap, that after deducting working and repair 
expenses, and yearly rates for renewal and amortisation funds, 
there will be enough left of the income to yield a fair interest on 
the capital invested in the construction. And that is more than 
the “‘water-carriage sewerage system” can lay claim to, it en- 
tailing on the citizen increased rates and taxes instead of profits, 
and all sorts of grievances and “ evil smells,” and besides on the 
country the loss of millions of money. 


I am, Sir, 
Respectfully, your obedient Servant, 
Cuar.es T. LIERNUR. 
34, Regent-square, W.C., Dec. 4, 1866. 








UPLEATHAM MINES. 
To Tue Epiror or ENGINEERING. 


Drar Sim,—Craving pardon for my presumption, I beg to 
call your attention to the first paragraph in your very interest- 
ing articles onthe Upleatham Mines in your last week’s im- 
pression. The article begins with a very quaint and, I believe, 
original simile, thus, ‘‘ Our globe must have cooled like a great 
* casting, and the ridges and wrinkles which we call moun- 
“ tains and valleys could only have been produced by ‘ buckling’ 
“ in cooling,” which is, I think, not in keeping with the modern 
teachings of geology by Lyell, Jukes, and others, who prove that 
mountains and valleys were once old sea bottoms, and that they 
owe their present forms to the erosive action of the sea. “ The 
‘ idea that they are formed by either contraction from heat or 
“ by convulsive efforts of nature is erroneous, and can be shown 
“ as such by examining the floor of the valley or the pass, when 
“* the rock will be seen to stretch across unbroken, and as solid 
“ as any other part of the mountain.”* You also say that “ If 
“ geology proves anything, it is that these heights, with the 
“* great upheaval of the upper and lower lias, with the interme- 
e) Tate seam of ironstone, were once beneath the ‘“ sea;” 
which is, I think, much better geology than that in the 
former paragraph. The lias formation which lies at the base of 
the volitic series, and at the top of the niassic, is unquestionably 
of water origin; the simple fact that they are lias is sufficient to 
prove that they are of sedimentary formation, and consequently 
their connexion with fire is very remote indeed. 


I am, obediently yours, 
Blaina, December 4, 1866 A. 








Corron mills have been burned by fire originating in the 
attrition of stones centained in the cotton, in their passage 
through the scutching machinery. 





* Condensed from Jukes's Manual. 
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DUPLEX BORING-MACHINE. 
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DUPLEX BORING-MACHINE. 
To THE Epitor oF ENGINEERING. 

Str,—The accompanying engravings represent a boring- 
machine designed by me for the special purpose of boring out 
the cylinders of Mr. Thomas Duncan’s water-meters, manufac- 
tured by Messrs. George Forrester and Co., of the Vauxhall 
Foundry, Liverpool. 

These meters, which resemble in their main features a rota- 
tive water-pressure engine, are provided with two cylinders cast 
in one piece, whose diameters vary from 23 in. to about 5 in., ac- 
cording to the bore of the pipe which the meter is intended to 
supply, while the distance of their centres varies from about 
63 in, to 114 in. 

In the earlier days of the use of these meters the cylinders 
were bored out upon the face-plate of a lathe; but as there has 
been a much greater demand for them lately, it became neces- 
sary to devise means for cheapening their manufacture in order 
to meet as far as possible the desire for cheapness on the part of 
the consumer ; and one of the principal desiderata was to super- 
sede the expensive labour of the lathe and turner by the much 
cheaper labour of the machine-man, and at the same time to 
bore out the two cylinders simultaneously by means of a con- 
trivance which ould suit the whole series of meters in ordinary 
use. 

In the pursuit of this object the obvious difficulty met with 
was to hit upon an arrangement for adjusting the centres of the 
boring-bars to the varying distances of the centres of the 
cylinders, and at the same time to set both into motion by 
means of one driving gear only, in order to ensure simplicity of 
construction and easiness of handling of the machine. 

This difficulty was happily overcome in the following manner: 
The bed-plate, which resembles generally that of an ordinary 
slide lathe with fast headstock cast in a piece with it, is pro- 
vided with first-motion shaft fitted with cone and pinion carried 
on one side of the headstock; this pinion gears into a wheel 
keyed upon the main driving-shaft, whose centre is placed 
exactly in the plane of the longitudinal axis of the bed-plate; 
this shaft carries also two pinions, the one placed outside the 
headstock and the other inside of it, an arrangement which it 
was necessary to adopt in order to bring the centres of the 
boring-bars to within the nearest distance required. 

These pinions gear into two intermediate wheels placed re- 
spectively on the right and left hand side of the driving-shaft, 

whose centres are movable in vertical slots; and these wheels 
again gear respectively into wheels keyed upon each of the 
boring-bars, to which motion is thus finaily communicated. 

The bars have their bearings each in a sliding block resting in 
& horizontal slot in the headstock, in which the distance of their 
centres may be made to vary from 6}in. to 114 in., and the in- 
termediate wheels are accurately kept in gear with those on the 

by raising or lowering them in the vertical slots provided 
for that purpose; the range of vertical displacement of these 
wheels does not exceed one inch, that is, half an inch on either 
side of the horizontal plane passing through the centre of the 
driving-shaft, so that the position of their pitch lines with refer- 
ence to the driving pinions is not sensibly disturbed by this ver- 
tical displacement. Had the range of displacement been greater, 











it would then have been necessary to make the slots concentric 
with the driving-shaft. 

The off ends of the boring-bars are carried by a movable head- 
stock and sliding bearings similar in every respect in their ar- 
rangement to that adopted in the fast headstock, and these 
have their faces properly indexed for expedition in setting the 
bars to the required distance for the several sizes of meters, by 
which arrangement also the parallelism of the bars with the lon- 
gitudinal axis of the bed-plate is continually insured. When 
these are set to any required distance, they are securely fixed 
into place by screwing down the caps of the headstocks, and 
also by means of a set screw, with which each of the sliding 
bearings is provided. 

The boring-bars are slipped through the cylinders to be bored 
out by drawing out the loose headstock, after which the cylinders 
are bolted on to a sliding table, which receives an intermittent 
feed-motion by means of a screw from a cam cast on one of 
the intermediate wheels through a system of levers, rod, pall 
and ratchet-wheel. The screw is carried through the end of the 
bed-plate, and when a pair of cylinders has been bored out the 
table is drawn back by working the screw by hand, after having 
thrown the pall out of gear. 

This machine has turned out a complete success, boring out 
the cylinders with a fine smooth face at about one-fourth the 
cost incurred by the old method. 

Iam, &c., 
J, J. Brrcket. 

London, December, 1866. 








Repuction or WaceEs In THE SoutnH WALEs Inoy- 
works.—A step which has long been foreseen by those who 
have any knowledge of the state of the iron trade during the 

t four months has just been decided upon by the ironmasters 
in South Wales, who, by a notice simultaneously posted up in 
their works, announce their intention of reducing the wages of 
the men throughout the district. The notice bears the date of 
Saturday last, the 1st inst., and will take effect in a month. 
The issue of a similar notice was agreed upon so far back as July, 
but was prevented from being carried into effect then by an a 
sence of unity among the employers. The amount of the pro- 
posed reduction does not appear from the notice, it being left 
open to see what changes the month may bring forth; but it 
is many believed that it will not be lest than 10 per cent. all 
round. 

Sream Suirrinc.—There is some probability that Messrs. 
Palmer and Co. (Limited), of Jarrow, will shortly receive an 
order to build two large steamers for a Liverpool house. Mr. 
Mackern, of Preston, ies launched a steamer for the Chilian 
Government; she is being supplied with engines by Messrs. 
Fawcett, Preston, and Co. The Peninsular and Oriental Steam 
Navigation Company has contracted with Messrs. Denny 
Brothers, of Dumbarton, for a new steamer of 2167 tons and 
500 horse power, which is to be ready in six months. Messrs. 
R. Duncan and Co., of Port Glasgow, have launched the Earl 
of Dublin, an iron paddle steamer of 900 tons burthen, for the 
Dublin and Glasgow Steam Ship Company. 












FLOATING WORKSHOPS. 
To THE Epiror oF ENGINEERING. 

S1r,—We have been much surprised to see, in your publication 
of November 9, plans and specifications for some floating 
workshops which we constructed for the Egyptian Govern- 
ment. 

We admit your right to publish anything which is brought to 

ou with a specific statement of authorship attached to it, but 
in this case we are under the necessity of advising you that Mr. 
Birckel, who supplied you these plans and specifications, was one 
of our draftsmen, and was only employed in a minor capacity in 
connexion with them. He had no right to copy, take away, or 
lend any plans connected with them, either for publication or 
otherwise, and, in so doing, has committed a serious breach of 
trust. 

We observe he has also committed the impropriety of publish- 
ing similar plans of the floating workshops in the June number 
of the Artizan, and is now publishing in the same journal copies 
of other of our drawings. 

In none of these cases could the necessary information be 
given, without the plans having been surreptitiously copied or 
taken away. 

We shall feel obliged by your inserting this letter in your 
forthcoming number, as we feel satisfied you will see the impro- 
priety of such conduct on the part of any employe. 

We are, Sir, 
Your obedient Servants, 
Gro. Forrester & Co. 

Vauxhall Foundry, Liverpool, December 5, 1866. 








HYDRAULIC STEERING-GEAR. 
To THe Eprror or ENGINEERING. 

Sim,—In reply to your question, “Would not the fact of a 
“ rudder being rigidly locked over render it very liable to be 
“ carried away?” we beg to say that we have obtained the 
opinion of the leading maritime men of Liverpool, as well as 
shipbuilders and engineers, in reference to this particular. A 
small majority entertain the — that rigid locking would be 
detrimental, whilst others adhere to quite the opposite view, 
and, as they say, with sufficient experience to warrant their 
doing so. 

a a rule, so long as a steering-gear is strong enough to with- 
stand the collected strain of the rudder (however produced), the 
rudder is qualified to do it also. , ; ; 

The object of our “rudder break” is to shield the steering- 
gear, which experience has proved to be far less trustworthy than 
the rudder-head. In order, however, to provide against such a 
contingency as you allude to, we attached to a ‘hydraulic 
steering-gear and rudder break,” which we made in the early 
part of last year, an air-vessel to each of the two ram cases, 
which were dis in a direction parallel with the ship’s keel, 
and of course the rams acted as “ concussion rams.” 

The quantity of air could be regulated at will, thereby fur- 
nishing the means of regulating the degree of concussion, 

We are, Sir, 
Yours respectfully, 


Liverpool, Dec, 5, 1866. ALEX. AND Epwin PAvt. 
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SWINDON. 

Tue works of the Great Western Railway Company, 
at Swindon, have long ranked amongst the largest 
establishments of the kind in the kingdom, and their 
importance has been materially increased by the addi- 
tions that haye been made to them within the last 
year or two. Of course the chief part of the work 
executed at the Swindon works consists, as it always 
does at railway shops, of repairs; but, in addition to 
these, there is now being turned out from them, on an 
average, one new engine and tender weekly, whilst the 
works also include within their limits a large rail mill, 
at which almost all the rails used by the Great Western 
Company are manufactured. Of the rail mill we shall 
give an account next week, and in the present notice 
we shall therefore confine ourselves to the other 
portions of the works. 

Since Mr. Armstrong has been the locomotive su- 
perintendent of the Great Western line, and has con- 
sequently had charge of the works at Swindon, he has 
largely extended the shop in which the heavy forgings, 
such as plain and cranked axles, parts of wheels, &c., 
are inet and it now extends over a considerable 
space, covered by a light iron roof supported on 
columns. The largest steam hammer is a 5 ton Nay- 
lor’s hammer, made by the Kirkstall Forge Company, 
and there are also two smaller hammers, one of them 
being a 50 cwt. hammer by Naysmyth. The 
forge plant also includes rolls for merchant bars, &c., 
these rolls turning out the whole of the firebar iron 
used at the works and a large proportion of the 
other bars as well. The whole of the men employed 
at the forge are paid by the piece, the contract for the 
work being taken by the head forgeman at so much 

sr ton. The rail mill and forge are not in work on 
Mende, On that day a careful examination is made 
of the boilers which supply steam to the hammers, and 
they are thoroughly washed out. The boilers at the 
forge are of the vertical cylindrical class, with a single 
internal flue, whilst those at the rail mill are of the 
haystack form. Both are heated by the waste gases 
from the furnaces. The stoppage of the forge and 
rail mill on Mondays has rendered Sunday work almost 
unnecessary, whilst = any diminution has been 
found in the quantity of work turned out weekly. 
The adoption of the new syetem of working is due to 
Mr. Armstrong. : ; 

Adjoining the forge is the shop in which the manu- 
facture of solid wrought-iron wheels is carried on, 
these wheels being used not only for the engines and 
tenders, but for the carriage stock also. The wheel- 
spokes are each forged in two pieces and then welded 
up, the outer portion being forged solid with its sec- 
tion of the rim, and not united to it with a “dab” 
weld, as is sometimes the case. The parts of the 
wheel are put together and welded up in the usual 
way, as described in an article on wrought-iron wheels 
on page 126 of the last volume of this journal. The 
wheelmakers at Swindon undoubtedly turn out ex- 
cellent work, and the wheels made there are excellently 
proportioned, the rims —~ made rather stronger than 
usual, Besides the shop devoted to wheel making, 
there is another in which the welding, blocking, &c., of 
the tyres is carried on, and we may mention here 
that the Y form of weld is used for the tyres at 
Swindon, whilst at the Paddington works of the 
company the “ butt” weld is adopted. As far as our 
own experience goes, we have found the last mentioned 
form of weld to give uniformly the best results; and 
we believe that it can be made with greater certainty, 
and at a less cost, than any other form of weld. 

The smith’s shop in which the general work is car- 
ried on is of an | form in plan, and contains thirty- 
four fires. At one end a new spring furnace is now 
being erected, together with other appliances for the 
use of spring makers. There is also one of Ryder’s 
bolt-making machines. The amount of work to be 
done in the smith’s shop is greatly reduced by the 
practice of forging in dies under the steam-hammer, 
to which we have already alluded; but there are, of 
course, a number of articles to which the system of 
die-forging is not applicable. The smith’s shop is very 
fully provided with tools for special purposes, and these 
are being constantly added to. 

In the boiler-shop there is now a good deal of work 
in progress. For his new engines Mr. Armstrong has 
adopted butt-jointed boilers, with outside covering 
strips for the transverse, and outside and inside strips 
for the longitudinal joints. The boilers for the new 
narrow-gauge engines, both ds and passenger, are 
of one size, and anumber of them are now in hand. All 
the boilers are hand-rivetted, and the best materials 
and workmanship are employed. In addition to the 
regular boiler-shop, there is another at a different part 





of the works, where the tender-tanks, &c., are made. 
In this shop the same system of templates is adopted 
so as to secure uniformity in the work turned out. 

We must now give some particulars of the machine 
shops. One of these is devoted entirely to machines 
for finishing wheels and tyres, such as heavy slotting 
machines, wheel-lathés, and wheel-grinding machines. 
Of the latter machines we shall speak more par- 
ticularly on a future occasion, so that it will 
be unnecessary to say more of them at present 
than that they turn out excellent work. In the 
wheel machine shop the machines are arranged down 
each side, a line laid with a mixed gauge extending 
down the middle. The machines are driven by a pair 
of high-pressure beam engines placed in an engine- 
room at one end. At present the wheels are lifted 
into the lathes by means of blocks and tackles to each 
machine, but preparations are being made for fitting 
up one of Ramsbottom’s single-rail cranes similar to 
those in the principal machine-shop, of which we shall 
speak presently. This crane, which, like those in the 
machine-shop, will be worked by a cotton cord running 
ata high speed, will traverse the whole length of the 
shop ona single rail laid between the central road and 
one row of machines. The shop in which the wheel 
machinery is placed is a two-storied one, and formerly 
there was a good deal of light machinery on the upper 
floor. ‘This, however, has now been removed into the 
new machine-shop, and the upper story is only used as 
a store. Besides the shop, of which we have been 
speaking, there is another two-storied shop of similar 
dimensions, of which the ground floor is occupied 

rincipally by wheel-finishing andtyre-boring machinery 
Mhese machines are similarly arranged to those in the 
other shop, and are driven by a pair of condensing 
beam-engines, which also work the pumps which raise 
the water for the supply of the running-shed. In this 
shop, as in the other, preparations are being made for 
fitting up one of Ramsbottom’s single-rail cranes, 
The upper floor of this shop is at present used as a 
pattern store, the machinery which formerly occupied 
it having been moved into the new machine-shop, 
which we shall now proceed to describe. 

The new machine-shop, which has been built en- 
tirely under Mr. Armstrong’s direction and superin- 
tendence, is undoubtedly the finest shop in the works, 
and the whole of the extensive plant contained in it has 
beenarrangedinthe very bestmanner. Theshopis 246 ft. 
long by 135 ft. wide, and it is covered by an iron roof 
having three spans of 45 ft. each, and provided with 
abundant skylight area. The roof is supported by 
rows of cast-iron columns, connected at the top by a 
line of cast-iron girders, to which the brackets carry- 
ing the shafting are fixed. The columns are also con- 
nected by a line of cast-iron girders secured to them 
rather above the middle of their height, these lower 
girders being perforated in a manner which, besides 
being ornamental, allows brackets for supporting the 
various countershafts te be readily attached to them 
at any desired point. At one end of the machine-shop 
are three smaller shops, which really form part of the 
same building, being merely separated from the main 
machine-shop by a partition wall. Each of these shops 
is 27 ft. 8 in. long by 45 ft. wide, and they are used as 
a brasswork finishing-shop, an engine-room, and a 
grinding-shop respectively. ‘The engine-room is the 
central one of the three, and it contains the engine 
by which the whole of the machinery in the machine 
and grinding shops is driven. This engine is a hori- 
zontal one of very simple construction, and it was 
built at the Swindon works. It has asingle cylinder, 
16 in. in diameter, with 26in. stroke, and it is run at 
eighty revolutions per minute. It is supplied with 
steam at a pressure of 80 lb. per square inch by a 
boiler which formerly Avtenll one of the broad- 
gauge locomotives, and which is now fixed in the 
engine-room. ‘The crank-shaft of the engine is pro- 
longed through the partition wall, and the end pro- 
jecting into the machine-shop carries a belt lies, 
from which two straps are led to broad pulleys placed 
one to each of the lines of shafting running down the 
whole length of the shop by the sides of the rows of 
columns supporting the roof. From these pulleys 
other straps extend to pulleys on the lines of shaftin 
which run down the two sides of the shop, and it will 
thus be seen that, except in the case of the two lines 
of shafting last mentioned, the pull of the driving belts 
gives rise to no side strain. 

A short distance from the engine-house end, the 
machine-shop is intersected transversely by a line laid 
to the mixed gauge, this line giving communication 
with the repairing and erecting shops and with other 
parts of the works. Between this line and the engine- 
house end are placed almost all the heavy machines, so 





that they are quite close to the engine, and the power 
has to be transmitted to them through a short length 
of shafting only. Amongst the heavy machines there 
is a very fine frame-drilling machine, made by Messrs. 
Beyer, Peacock, and Co., and also a frame-slotting 
machine, by Messrs. Smith, Beacock, and Tannett. 
Each of these machines has a bed long enough to re- 
ceive an engine-frame in one piece, and each has three 
moveable heads, so that the one machine can drill, and 
the other machine slot, engine-frames at three points 
simultaneously. Each machine is, of course, capable 
of acting upon several frame-plates at once, the plates 
being placed one above the other. Close to the frame- 
slotting and drilling machines is a neat machine made 
by Messrs. Craven Brothers, of Manchester, for slot- 
ting the two ends of a connecting or coupling rod 
simultaneously. On one side of the shop, near the 
engine-house end, there are also placed the three lathes 
regularly employed for turning crank axles. One 
of the lathes is employed in “ roughing out” the axles, 
and the other two in finishing. 

The machinery in the main body of the shop is dis- 
posed in six rows, one row extending down each side, 
and the other rows being situated one on each side of 
each of the two rows of columns supporting the roof. 
As far as possible, the machines are disposed in the 
order of the power required to drive them, the heaviest 
machines being nearest the engine. On the left-hand 
side of the shop, looking from the engine-room end, 
however, there is a slight departure from this rule, 
the machinery on that side being pretty heavy through- 
out, and there being a number of planing-machines at 
the farther end. Of the other rows, three consist 
almost entirely of lathes, and the others are made u 
of general machinery. In addition to the longitudinal 
rows of machines already mentioned, there is a trans- 
verse row of light machines—chiefly screwing-machines 
—across that end of the shop which is farthest from the 
engine. Amongst the screwing-machines are some of 
Sellers’s patent, and we hear that these are found to 
turn out excellent work, and to perform it much more 
rapidly than those of the ordinary pattern. The plan- 
ing-machines, which have their countershafts supported 
from the tie-bars of the roof in a very neat manner, 
are, as we have already mentioned, placed all together 
in one of the side aisles of the shop, and amongst them 
we noticed one which is used for planing guide-bars, 
which is fitted with eight tools for operating upon 
eight bars at once. Not far from the planing-machines 
is a machine which is employed for setting the guide- 
bars of new engines. It consists of a frame mounted 
upon wheels, and carrying a horizontal tubular socket, 
through which a rod slides truly. At the end of the 
socket is formed a bell-mouth, to which the cylinder 
cover to which the guide-bars belong can be bolted. 
This being done, the motion-plate, to which the other 
ends of the guide-bars are fixed, is placed in front of 
the machine and suitably supported, and the guide- 
bars being then put in their places, they can be set b 
the aid of the sliding bar already mentioned, which 
acts in the place of the piston-rod. Near the guide- 
bar setting-machine are the cylinder boring-machines, 
and the lathes employed on the pistons and rods; and 
a similar principle of keeping each class of work to 
itself is carried out by Mr. Armstrong all over the 
shop, and, indeed, all over the establishment. 

‘own the centre of the centre aisle of the shop is 
carried a double row of fitters’ benches, which are 
thus placed so that the work can be readily brought to 
or removed from them. At these benches, as at the 
machines, the work to be done is strictly classified, 
and the division of labour is carried out as far as pos- 
sible, most of the men, both at the machines and vices, 
being paid by the piece. In each of the side aisles of 
the shop is one of Ramsbottom’s single-rail traversing 
cranes, which are employed in lifting work to and from 
the various machines. These cranes each have a 
1-shaped frame, carried upon a pair of double-flanged 
wheels running upon a single rail extending the whole 
length of the shop, the top of the frame being guided 
by a horizontal wheel running between two guide-rails 
fixed to the roof. It will thus be seen that the two 
lower wheels give longitudinal, and the upper hori- 
zontal wheel lateral, stability. The cranes are, like 
those at Crewe, worked by an endless cotton cord 
running at a high spced, Ps | they are found to answer 
their purpose exceedingly well. They were made at 
the Swindon works. 

By the side of the machine shop is the engine re- 
pairing shop, which used formerly to be the principal 
shop on the works. This shop has lately been consider- 
ably improved, it having been heightened and fitted 
with an overhead traverser, by means of which the en- 
gines in it can be lifted. The overhead traverser is 
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co 
worked by a quick running cotton cord, on Mr. Rams- 
bottom’s plan. The pits, thirty-four in number, are 
disposed transversely in two rows, one down each side 
of the shop, whilst down the centre there is a pit in 
which a steam traverser runs. The pits are of greater 
length than those usually found in a locomotive repair- 
ing shop, they having been originally intended to each 
accommodate an engine and tender. The steam tra- 
verser runs the whole length of the shop, and its plat- 
form is furnished with two lines of rails, so that it 
can transport two engines at once. At one corner of 
the shop are benches at which connecting and coupling 
rods are fitted up, and benches for the use of the men 
working at the pits are placed against each side wall. 

Adjoming the repairing shop, and communicating 
with it, is the erecting shop, in which new engines are 
put together. One line laid to the mixed gauge passes 
longitudinally down the centre of this shop, and on 
on side of this there are a number of transverse 
lines on which the erection of the engines is carried 
on. One side of the shop is generally devoted to the 
fitting up of the boilers, whilst the other side is oceu- 
pied by the frames of the engines. The lifting of 
the boilers and engines from the transverse lines to the 
central road of the erecting shop is effected by an over- 
head travelling crane which spans the shop and can be 
traversed the whole length. The lifting part of this 
crane consists of an hydraulic cylinder, the piston-rod 
from which works through the lower end and is attached 
direct to the chain by which the engine or other object 
is lifted. The water is pumped into the hydraulic 
cylinder by hand-labour. The erecting shop is sufli- 
ciently large to accommodate about a dozen boilers 
and the same number of frames at one time, and at 
present a number of Mr. Armstrong’s new narrow- 
gauge goods engines are in course of erection in it. 
We may mention here that the broad gauge only is 
laid on that portion of the Great Western Yine which 
passes the works at Swindon, and all narrow-gauge 
stock constructed or repaired at those shops has con- 
sequently to be loaded up on broad-gauge trucks made 
for the purpose, and thus transported to a part of the 
line laid with the narrow gauge. 

In addition to the shops already mentioned, the 
Swindon works include a paint-shop—in which we 
noticed one of the new broad-gauge tank engines 
recently built for service on the Metropolitan line—a 
brass and iron foundry, a grinding-shop, pattern-shop, 
and several other minor shops, besides the stores and 
offices. Altogether they give employment to about 
2000 men, of which number about 300 are employed in 
the rail mill. 








THE CHICAGO LAKE TUNNEL. 


Ons of the most remarkable examples of American 
engineering has just been successfully executed. It is 
a tunnel, two miles in length, formed under the bed of 
Lake Michigan, at Chicago, for the purpose of supply- 
ing that city with pure water. The city, now contain- 
ing a population of 250,000 inhabitants, stands on the 
western shore, and near the southern extremity of the 
lake, which is there about forty miles wide, widening to 
sixty miles at Milwaukie, 120 miles further north, 
while the whole length of the lake from north to south 
is about 250 miles. The annexed sketch gives an out- 
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line of the position of the city, with the Chicago river, 
and its North Branch and South Branch, as its tribu- | 
taries are named, discharging into the lake. These | 
rivers are of but a very few miles total length, and form 
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together the } pat of Chicago—a port from which are 
now shipped more timber, more grain, more live 





stock, and more salted meats than from any ohter 
place in the world. The river has innumerable 
slaughter-houses, distilleries, and manufactories on 
and near its banks, and receives the sewage of the 
whole town. To the west is an almost boundless 
prairie, rising very gently for a distance of eight miles, 
whence it slopes as imperceptibly away ; and from this 
— so near Lake Michigan, which drains through 

akes Erie and Ontario into the River St. Lawrence, 
and thus into the North Atlantic, the water-shed is 
part of the vast valley of the Mississippi, whose outlet 
is the Gulf of Mexico. We may just add that Lake 
Michigan is hardly 600 ft. above the sea, and that the 
dividing ridge near Chicago is but about 40 ft. higher. 

The water has for several years been pumped from 
the lake at the northern end of the city, or what was 
the northern end when we last visited Chicago, ten 
years ago, the city having, we believe, since extended 
much further in that direction. And although intake 
pipes were carried out some distance into the lake, the 
foul discharge of the Chicago river, washed directly 
along the shore, was sufficient to greatly lower the 
standard of purity of the water pumped. ‘The lake 
water itself is of the greatest purity, equal in this 
respect to the Loch Katrine water with which Glasgow 
is supplied. It was resolved therefore in 1863, by the 
Board of Public Works, to make a tunnel directly out 
from, and at right angles to, the shore, fora length of 
two miles, the depth of water outside being 35 ft. This 
resolution was adopted after careful borings had shown 
that a compact bed of fine blue clay, at least 100 ft. in 
thickness, extended under the bed of the lake the whole 
way out, the clay being overlaid with surface earth and 
sand of very moderate depth. 

The work was commenced at the shore end in March 
1864, and the outer or lake shaft was begun some- 
what later, the tunnel having been driven from both 
ends, gangs of men, working eight-hour shifts, being 
employed day and night with the exception of Sundays. 

The shore shaft is 77 ft. deep, and for 30 ft. down, 
through the surface earth and quicksands, is 9 ft. in 
internal diameter, the remainder being 6 ft. internally. 
The upper portion of the shaft is formed of iron cylin- 
ders, three high, each 10 ft. long, 9 ft. inside diameter, 
and 24in. thick, the weight of the three cylinders 
being rather more than 40 tons. These cylinders were 
undersunk in the usual manner, an additional length 
being bolted on when the one beneath it had entered 
for its full length. From the bottom of the shaft thus 
formed, and which was well within the clay, and below 
the reach of water, the ironwork was contracted to 
8 ft. diameter, and undersunk 47 ft. further into the 
clay, and then lined with 12in. of brickwork, in three 
rings laid in cement. The bricks were hard burned, 
well formed, and free from lime; their size 8in. by 
4in. by 2} in., and the cement was mixed with but an 
equal measure of clean sharp sand, These particulars 
apply to all the brickwork in the tunnel, four million 
bricks having been used. 

The most interesting work was the lake shaft, 
through 35 ft. of water and 31 ft. down into the clay 
This shaft was commenced within a coffer- 
dam, 40 ft. high and nearly 90 ft. in diameter, the dam 
having five sides measuring 58 ft. along each face. It 
was built on shore, and had three walls formed of 
12in. squared timber, braced apart with great 
strength, and having fifteen water-tight compartments 
within the walls, while the inner wall formed a well 
25 ft. in diameter for the whole height. All the walls 
were caulked and payed on both sides in the manner 


| of ship-caulking, and the five outer angles were pro- 
| tected from ice by iron armour 2}in. in thickness. 
| Upwards of 50,000 cubic feet of timber were used in 
| the construction of this work, besides 60 tons of iron 


bolts, and 400 bales of oakum were used in caulking. 
The cost of this coffer-dam was upwards of 100,000 
dollars, or, in gold, about 14,0002, 

In June, 1865, this coffer-dam was launched, and 
towed to its intended position two miles out. Its 
fifteen compartments were there filled with 6026 cubic 
yards of clean rubblé stone, thus sinking it to the bed 
of the lake, where it was securely moored by strong 
cables reaching in every direction to large mooring 
screws, holding 10 ft. in the clay. The coffer-dam 
being 40 ft. high, it then stood 5 ft. above the ordinary 
surface of the lake. Although we have called this 
structure a coffer-dam, it was what is known in America 
as a crib, and it was not pumped out, but served 
merely to secure a well of still water within which to 
sink the pipes forming the shaft. These pipes formed 
a column 64 ft. high, in seven lengths, the pipes, like 
those in the shore shaft, being 9 ft. in diameter and 24 
in. thick, their total weight being 903 tons. They 
were connected successively together, and let down 
9 ft, at a time as each pipe was bolted on, until they 


reached bottom, and, by their own weight, went 
through a thin bed of sand into the ~~ The column 
of pipes was then continued to its full height above 
the water, being in the meanwhile pa out, and a 
closed cap having then been placed upon it, it was 
exhausted, and thus sunk by atmospheric pressure, 
amounting, with complete exhaustion, to nearly 60 tons. 

The lake shaft having been cleared of clay, the 
tunnel was started from below—the bottom of the 
tunnel at this point being 66 ft. below the ordinary 
surface of the fake, It falls 4 ft. towards the shore 
end, being there 70 ft. below the surface of the lake, 
and 77 ft. below the surface of the ground, so that the 
tunnel may at any time be pumped dry from the shore 
end, the inlet gates in thé lake shaft being easily 
closed. 

The tunnel, which is exactly two miles in length, is 
of nearly circular section, 5 ft. 2 in. high and 5 ft. wide 
inside, the variation from a true circle being made on 
account of the keystone of the arch. It is lined with 
two rings of buick woek. of a total thickness of 8 in., 
the bricks, laid lengthwise, being of the sizes and 
quality which we have given in connexion with the 
shore shaft. The excavation made in the clay was 
about 7 ft. in diameter, about 16,000 cubic yards havin 
been removed. A railway of narrow gauge was laid 
in the tunnel, from each end, as the work progressed, 
and upon this mules were employed to draw wagons, 
loaded, in the outward direction, each with one and a 
half cubic yards of clay to be hoisted up the shaft, and 
inward with brick and cement. The railway had pass- 
ing stations and turntables. In each end of the tunnel 
the men were divided into two gangs of five each, one 

g of miners and one of bricklayers, the latter 
ollowing within a few feet of the former. One miner 
drove a driftway, 24 ft. wide, another followed him 
breaking down the earth, a third trimmed the work to 
shape, and two loaded the wagons. A complete system 
of ventilation was maintained, and the men got on very 
comfortably. Occasionally a seam of inflammable gas 
was cut, and now and then a narrow fissure filled with 
water; but although these caused temporary alarm, 
and a sudden rush to the bottom of the shaft, no acci- 
dent to life or limb happened during the two and a 
half years of the progress of the work. We may add, 
however, that one man was killed in a quarrel with a 
fellow-miner within the tunnel, About a hundred and 
twenty men were employed upon the entire work. 

The great iron column forming the lake shaft is 
closed at the top, and has inlet gates below, and on 
different sides of the shaft, one 5 ft., the next 10 ft., 
and the highest 15 ft. above the bed of the lake. 
Either or all these can be used according to winds or 
other circumstances, each gate being under perfect 
control by suitable gearing. In any case the water 
cannot be drawn from a point less than 20 ft. below 
the surface of the lake. The openings of these gates 
have flumes or penstocks passing through the sur- 
rounding crib, the openings being heavily grated with 
iron on the outside. The inlet openings are each 5 ft. 
high and 4 ft. wide. 

he rubble stone in the great timber crib is to be 
taken out of the fifteen water-tight compartments, in 
successive portions, and is to be then replaced, care- 
fully laid in hydraulic cement, so as to form a con- 
tinuous tower of masonry. This is to be carried up 
several feet above the surface of the lake, in heavy 
courses of granite, cramped and bonded together, and 
a lighthouse is to be erected upon the whole, the lake 
at this point being greatly thronged with steamers and 
sailing craft, many of the former of great size. The 
whole work is to be completed with every regard for 
permanence, and is expected to endure for ages. 

The whole work was originally let to contract for 
315,139 dollars (gold), or say 63,000/., exclusive of 
charges for extra work consequent upon any changes 
made in the plans. The actual cost is believed to be 
at least 700,000 dollars currency, or say 100,000/. 
gold; but it is understood that the City Government 
will not only make up the deficiency, but, by the ex- 
pressed decision of the citizens, adda net profitof 100,000 
dollars. The engineer to the work was Mr. E. 8. 
a and the contractors Messrs. Gowan and 
Dall. 








TELEGRAPHY.—It is proposed to lay down a submarine cable 
between the Tyne and Denmark. In anticipation of the cable 
being laid, the Governments of Denmark, &c., are putting up 
the requisite land wires, The new cable, which will come from 
a Tyneside manufactory, will be laid in a few weeks from a 
point near St. Mary’s Island. In lecturing at Glasgow the other 
day, Sir W. Thomson said it had been found possible to transmit 
as many as 13 to14 words per minute through the Atlantic 
cable with ,perfect security; and when the operators were re- 
lieved from responsibility, and were signalling on private matters 
between themselves, they had spoken as fast as 18 or 19 words 





per minute through the cable. 
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PNEUMATIC HOISTS. 


In our article on hoists for blast furnaces, in our last number, 
we alluded to the excellent pneumatic lifts designed by Mr. 
John Gjers, of the Linthorpe Ironworks, and erected at those 
works for raising materials tu the tops of the calcining kilns and 
furnaces. A lift of a similar kind, also designed by Mr. Gjers, 
has likewise been set to work at the calcining kilns of Messrs. 
Hopkins, Gilkes, and Co., Middlesboro’, and others are about to 
be set up in connexion with the new furnaces of that firm. We 

ve, on the opposite page, engravings showing one of the furnace 

oists, and oue of the calcining kiln hoists, at the works of Messrs, 
Hopkins, Gilkes, and Co, ; Figs. 1 and 2 referring to the former, 
and Figs. 3 and 4 to the latter. 

Each furnace hoist at these works will consist of a cast- 
iron tube or cylinder 3 ft. in diameter, this tube being made in 
lengths bolted together, and being bored throughout. In this 
tube is placed a cast-iron piston, which fits the tube loosely, and 
is provided with a pair of cupped leathers. In the case of the 
hoists at the Linthorpe works, this piston has a balance-weight 
bolted to it; but inthe new hoists at Messrs. Hopkins, Gilkes, 
and Co.'s, the piston and balance-weight have been cast in one 
piece, and it is this improved form of piston which is shown in 
the engravings. The platform on which the materials to be 
raised are placed surrounds the tube, and is connected to the 
piston. by four wire ropes, each 3} in, in circumference, these 
— being attached, one to each corner of the table, and being 
Jed round four pulleys fixed at the top of the tube, and then 
connected to the piston, as shown in the engravings. The wire 
ropes are connected to the piston and the table by shackles 
of peculiar form; and at the table end the shackles are coupled 
to long screw bolts, by means of which the length of the ropes 
can be adjusted. From the manner in which it is hung, the 
table is always perfectly steady in this class of hoists; Bat to 
prevent the possibility of it being canted by the action of the 
wind or otherwise, it is provided with four screws, which slide 
~' Corresponding timber guides fixed to the exterior of the 
tule. 

The top of the hoist is connected to the tops of the pair of 
furnaces to which it belongs by a platform carried by a pair of 
wrought-iron box girders, and on these girders are fixed four 
cast-iron columns about 6 ft. high, the upper ends of which are 
bolted to cast-iron brackets fixed to the top of the hoist tube. 
These last mentioned brackets steady the top of the tube, and 
support the pulleys around which the wire ropes pass. The 
movable platform is formed of timber covered with wrought-iron 
plates, and it is — with a hand rail, having two openings 
in it through which the barrows can be wheeled on or off the 
platform. 

The upper end of the tube is open to the air, and the hoist is 
worked by alternately forcing air into and exhausting air from 
the tube below re aaa The weight of the piston is made 
greater than that of the table with four empty barrows upon it, 
so that it balances about half the weight of the materials to be 
lifted. Each barrow weighs, empty, about 5 cwt., and each will 
hold 5 ewt. of coke or from 10 to 12cwt. of ironstone. The 
weight of the table with four empty barrows upon it is 44 tons, 
and that of the piston 5 tons, so that, supposing the table with 
the barrows to be at the top of the hoist, and the piston at the | 
bottom, a pressure of something over half a ton would be 
required upon the underside of the piston to raise the latter and 
lower the table. The piston, being 36 in. in diameter, has an 
area of 1017.8 square inch, and a pressure of a little over 1 1b. 
per square inch would therefore be able to-raise it under the 
above circumstances. When the piston is at the top of the tube, 
and the platform is at the bottom, and is loaded with four 
barrows containing 5 tons of coke each, the weight to be lifted 
will be 5} tons, of which 5 tons are balanced by the weight of 
the piston; and under these circumstances an exhaustion of 
rather more than 1 lb, per square inch would be required below 
the piston.in order to work the hoist. When ironstone is being 
raised the load in the barrows will weigh about twice as much 
as in the case just supposed; and the total weight of the table 
and load will be increased to about 6 tons. In this case there- 
fore, there would be an unbalanced load of 14 tons, and an ex- 
haustion of rather more than 31b. per sqnare inch would be 
required to raise it. 

__It would, of course, be possible to work any number of these 
lifts by means of one air-pump, this pump colenetion from one 
air-chamber and pumping into another, and all the lifts being 
connected with one suction and one pressure main; but in the 
case of the lifts both at the Linthorpe works and those of 
Messrs. Hopkins, Gilkes and Co., it has been considered better 
to provide an independent engine for each lift. The engines 
have two cylinders, each 11in. in diameter, with 16 in. stroke, 
placed diagonally, and they work, through the intervention of a 
crank-shaft, two single-acting air-cylinders, each 80 in. diameter 
with 20in. stroke. The air-cylinders are fitted with valves 
formed by flaps of india-rubber held by one edge and working on 
grids. The air-main leading from the lower end of the hoist 
ae is connected with a valve-box containing a reversing 
slide, by means of which the main can be placed in communica- 
tion with either the delivery or suction pipes of the air-pumps. 

he slide is worked by means of a hand-lever conveniently 
placed, as shown in Fig. 1. 

The furnace hoists at the Linthorpe works have a lift of 68 ft., 
and those at Messrs. Hopkins, Gilkes and Co. a lift of 75 ft., the 
diameter of the hoist cylinder being in each case the same, 
namely, 36 in. Each lift supplies two furnaces, and is capable 
of supplying more; but as a matter of convenience it is better-to 
have an independent hoist to each pair of furnaces, as it saves 
much wheeling of barrows both at the bottom and top. At the 
Linthorpe works the lifts take up four barrows, each containing 
5 ewt. of coke, or 10 cwt. or 12 cwt. of ironstone at one time, 
and each lift goes up and down ten times an hour on the average, 
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these hoists since they were started, and they have required no 
repairs, 

The hoists for the calcining kilns are constructed upon the 
same principle as those for the furnaces; but they are made to 
take up a heavier load, whilst the height of the lift is less. As 
will be seen by the elevation, Fig. 8, and the half plan, Fig. 4, 
the calcining kiln hoists have each two cylinders, and the plat- 
form works between them. The cylinders are each’ 4 ft. in dia- 
meter, and they are placed at a distance of 14 ft. 6in. —_ 
from centre to centre. The cylinders are fitted each with a 
piston in the same manner as in the furnace hoists, and each 
piston is connected by two wire ropes to two of the corners of 
the platform, these ropes passing over — at the tops of the 
cylinders, as shown in the engravings. The platform is con- 
structed of timber, and is provided with a al of rails upon 
which the trucks containing the materials to be raised are run. 
The platform is also furnished with cast-iron shoes which work 
on timber guides fixed to the tubes. The ropes are passed 
once round the pulleys to prevent slipping, and, as the two 
corresponding pulleys of the two cylinders are placed on one 
axle, the two sides of the platform are made to move uniformly, 
and canting is prevented. 

The calcining kiln hoist at Messrs. Hopkins, Gilkes, and 
Co.’s, to which the illustrations refer, has a lift of 40 ft. That 
employed at the Linthorpe works are of the same construction, 
but its lift is 10 ft. less, or 30 ft. It is worked in the same 
manner as the furnace hoists, and has a similar engine and 
reversing valve. The weight of the platform is 4% tons, and that 
of each piston 5} tons, or 11 tons altogether, and’ the empty 
tableis worked down by a pressure of about 4 lb. per ‘square 
inch under the pistons. The amount of exhaustion required to 
raise the loaded trucks varies as follows: for raising two 
chaldron wagons of coke it is about 14 1b. per square inch; for 
two wagons of ironstone, 4 1b. per square inch; for one large 
truck of coke 4 Ib.; and for one large truck of ironstone, weigh- 
ing about 15 tons, 6 or 7 Ib. per square inch. 

The drop for the empty wagons is arranged in a similar 





and raises about 360 tons of materials during the twenty-four | 
hours.{The weight of the barrows lifted amounts to about 26 tons, 
making the total weight raised 620 tons; but as the barrows 
come down again, and in so doing assist in raising the piston, no | 
power is expended in lifting them. ‘The motion of the hoists is 
Very easy, and they are exceedingly safe. The strain on eacn | 
Tope at no time exceeds 2 tons, and from the experience already 
— it appears probable that on will last ie several years | 
without requiring renewal. There has been no trouble with 


manner to the lift, but the two tubes are each only 36in. in- 
stead of 48 in. in diameter, and in every part it is made pro- 
portionately lighter. The weight of two pistons is about 
7 tons, and that of the empty platform about 3 tons. The mode 
of working is*s follows:—Supposing the platform to be at the 
top of thehoist and the air-valves to be shut, then if an empty 
truck weighing 5 tons is run on, a vacuum of less than 11b. per 
square inch under the piston will be sufficient to support it. 
This vacuum is produced by a very slight movement of the pis- 








CALCINING KILNS AT MESSRS. HOPKINS, GILKES, AND CO.’S. 


MR. JOHN GJERS, ENGINEER. 
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tons. A valve placing the interior of the hoist cylinders in com- 
munication with the atmosphere being now opened, the air is 
admitted beneath the pistons and the platform will descend at a 
rate that is completely under command. As soon as the plat- 
form is at the bottom, the atmospheric valve is shut, and another 
valve communicating with the blast tubing is opened, and air, 
compressed to a pressure of about 3 1b. or 34 1b. per square inch, 
thus admitted be the pistons. The wagon being then run off, 
the excess of weight of the pistons over the pressure against 
their under sides causes them to descend slowly, thus 
bringing the platform to the top again. It will seen 
that for every truck let down two cylinders full of air 
are added to the blast, the arrangement, however, not having 
been primarily planned with this object, but with a view of ob- 
taining a support for the table at the moment that the truck is 
runoff. In the case of the chaldron wagons, two of them are 
not sufficient to bring up the pistons, and in this case the valve 
communicating with the blast tubing only is opened, and no 
blast is either lost or gained. 

The lift at the Linthorpe works raises daily (Sunday as well) 
from 800 to 900 tons of materials, or, including the weight of 
the wagons, from 1200 to 1800 tons gross. _ The ropes of the 
lift are each 4} in. in circumference, and there is never a greater 
strain than § tons on a rope. Since the hoist was started in 
August, 1865, it has required no repair, and none of the ropes 
have had to be changed. Our engravings have been prepared 
from working drawings, for the use of which we are indebted to 
Mr. Gjers. 





CALCINING KILNS. 


Tne calcining kilns, of whieh we now give’ illustrations, are a 
set of four erected at the works of Messrs.’ Hopkins, Gilkes and 
Co. (Limited), of Middlesboro’, from the designs of Mr. John 
Gjers. They are of similar construction to those at the Lin- 
thorpe Ironworks, to which we alluded in our account of those 
works in our last number, but they are of somewhat larger 
capacity, the cubic contents of each kiln being 5500 cubic feet 
against 4500 cubic feet in the case of the Linthorpe kilns, The 
kilns are circular, and have wrought-iron shells; but, unlike 
ordinary kilns of this class, the shells are made of the same 
shape as the interior of the kilns, so that there is merely an 
uniform thickness of 15 in. of firebrick lining at all parts. The 
shell and lining of each kiln rest upon an annular cast-iron en- 
tablature, which is in its turn supported hy eight hollow cast 
iron pillars cast on the base-plate. By this arrangement @ 
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space is left all round the bottom for drawing the charge—a 
great advantage. 

The principal dimensions of each kiln are as follows:—The 
internal diameters are, at the bottom 14 ft., at the largest part 
20 ft., and at the top 18 ft. The height from the base plate to 
the top of the columns is 2ft.3 in., and the thickness of the 
entablature 4in. The height of the shell from the top of the 
entablature on which it rests to the level of the largest dia- 
meter is 9 ft. 2in., and from that level to the top of the shell the 
distance is 12 ft. 2in., so that the total height of the kiln from 
the base plate to the top of the shell is 24 ft. The base plate is 
2} in. thick, and is 20 ft. in diameter; it is cast in eight pieces, 
and rests upon the brickwork in which the air-passages, to 
which we shall refer preseutly, are formed. 

As will be seen by Fig. 2, each kiln is provided with a cast- 
iron central cone, made in two pieces, so arranged that an 
anoular space is left between them. This cone — the cal- 
cined ore outwards towards the openings through which it can 
be withdrawn, and it also acts beneficially in assisting to break 
up any large “scars,” or lumps, partly fused together, which 
may happen to come down. ‘lhe central cone might, as far as 
the mere spreading action is concerned, be made plain and in a 
single piece; but the form shown in the engraving has been 
adopted by Mr. Gjers with a view of, in some cases, employing 
the annular space between the two cones for the admission of 
waste gas from the furnaces. In the case of the Linthorpe 
Works, however, where kilns of this class are in use, and at 
most modern ironworks, the quantity of gas obtained from the 
furnaces is only sufficient to supply the stoves and boilers, and, 
as it is of importance to supply these first, a trial of the gas in 
the calcining kilns has not yet been made. The double cones, 
however, serve a very good purpose, as they furnish the means 
of giving a good air supply to the kilns, and this supply being 
delivered at the very centre of the materials. 

In the case of the kilns which we are describing, the central 
cones are each 8 ft. in diameter at the bottom and 8 ft. high, 
and the air is conducted to them through eight channels or 
flues formed in the brickwork at the base of each kiln. In addi- 
tion to these passages there are a number of holes for the supply 
of air, formed in the outer shell, as shown in Fig. 2. The kilns 
are placed at a distance of 25 ft. apart from centre to centre, and 
each is surrounded at the top by a gallery formed of wrought-iron 
brackets covered with cast-iron plates. The gulleries of the four 
kilns are connected with each other at four points, the spaces 
between the kilns being bridged over with wrought-iron girders. 

Sesides the kilns which we have described, there are two 
others at the same works which have a capacity of 8000 cubic 
feet each, and each of these kilns supplies calcined ore to a fur- 
race making from 250 tons to 260 tons of iron weekly. At the 
Linthorpe works there are eight of these kilns, each having, as 
we have already stated, a capacity of 4500 cubic feet. The 
eight kilns supply four furnaces, making altogether 1200 tons of 
iron per week, The stone is left in the kilns about two and a 
half days, and the aw of small coal and breeze 
amounts to 1 ton for every 20 tons of stone calcined. In the 
case of the larger kilas which we have already mentioned, and 
which are 34 ft. high instead of 24{ft., this consumption has 
been reduced to 1 ton of fuel for every 25 tons of stone cal- 
cined. Our engravings of these kilns, which have been found 
to give great satisfaction, have been prepared from working 
drawings, kindly lent to us by Mr. John Gjers. 








MORGAN vo. McADAM. 


In this case the plaintiffs have, since 1853, carried on busi- 
ness at Battersea, trading as the Patent Plumbago Crucible 
Company, and there has been a large sale of their manufactures. 
It 1864 it came to their knowledge that the defendants had 
closely imitated the stamp on their crucibles ; the plaintiffs stating 
that they had depdts in Paris and Rotterdam, where they kept 
stock. This fact was stamped on the bottom of their crucibles. 
The defendant likewise stamped his crucibles the same, although, 
on inquiry, it transpired that the defendant never had a depot 
either in Rotterdam or Paris. ‘The defendant also closely copied 
the plaintiffs’ circular, the plaintiffs having made an error in 
calling the kilo. — to 2.1, lb., the defendant did the same, 
clearly showing that he was trying to lead the public 
to believe that his manufacture was identical with the 
plaintiffs. The plaintiffs summoned the defendant before the 
magistrate under the Fraudulent Trades’ Mark Act, but the 
magistrate dismissed the case, stating that, on comparing the 
two marks, there was a difference, the defendant putting the 
number denominating the size of the crucible in a triangle, 
whilst the plaintiffs placed it ina square. About this time it 
came to the plaintiffs’ knowledge that, in addition to this, the 
defendant had described himself in the London Directories as 
the Patent Plumbago Crucible Company, with the evident 
intention of leading customers to think that he was iden- 
tified with the plaintifis’ company. On this the plain- 
tiffs filed a bill in the Court of Chancery, which was dis- 
missed by the Vice-Chancellor on the ground that the plaintiffs, 
when they commenced manufacturing in this country, had no 
English patent. This was explained by the plaintiffs stating, 
that prior to commencing manufacture in this country they had 
acted as agents for Dixon and Ce., who manufactured these 
crucibles in the United States, and that the whole of the cru- 
cibles imported into this country bore the mark “ Patent.” 
Finding the sale of these crucibles largely increased, they pur- 
chased the secret of mixing the various materials of Dixon and 
Co., who sent their foreman to this country to explain the art 
and mystery of crucible-making. In addition to this, the plaintiffs 
having discovered in 1863 a method of removing the lime and 
iron from the plumbago, took out a patent for it. The Vice- 
Chancellor, however, held that the plaintiffs not holding any 
patent in this country when they commenced business, and 
traded as the Patent Plumbago Crucible Company, “ leading the 
public to believe that they had a patent when they had not one,” 
had no right to come into the court and seek protection. 

The result of this verdict will necessitate such an alteration in 
the mark of the crucibles manufactured by the Patent Plumbago 
Crucible Company as will protect the public from those fraudu- 
lent imitations which will now, no doubt, flood the market. 
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Estimates of Railway Bridges for Turnpike, Public, and Oc- 
cupation Roads in the Embankments of Double or Single 

Lines and Cuttings of Double Lines; also Culverts of 

various Dimensions. By J. W. Grover, Civil Engineer. 

Longmans and Co. 

Tus work is a strict classification or code of the 
ordinary forms of structures described on railway sec- 
tions, prepared with a view to assisting the engineer 
in framing his estimates either for Parliament or pro- 
visional contract. 

We cannot but view with satisfaction any attempt 

to give precision and accuracy to preliminary calcula- 
tions, upon which so much often depends, but which 
are usually famous for their unworthiness. 
. Indeed, it is almost impossible for any one, even 
the most experienced, to make an estimate which can 
be called reliable without some kind of drawing and a 
few dimensions. A rough sketch has been generally 
thought sufficient, and, failing better data, has an- 
swered the purpose ; but in the treatise before us not 
only are the quantities in detail for the different heights 
and spans given, but also in each case a diagram, which 
is really nothing more nor less than a working co- 
loured drawing, with all necessary dimensions for each 
part figured. 

The engineer, therefore, has before him a certain de- 
finite form of structure, and its quantities, which, being 
priced out on a given schedule, represents a certain 
sum of money. It becomes easy, therefore, to alter 
this form mentally to meet any special case, and make 
a deduction or addition to the quantity or price. By 
allowing or deducting a per-centage on the prices 
given in the schedule according to the country for 
which the works are projected, something like abso- 
lute certainty may be arrived at even in preliminary 
ideas of cost. 

There is no doubt that the importance of this sub- 
ject has been considerably hey sever y and, whilst 
earthwork tables have been multiplied upon us and 
“ Bidder” has become a “household word,” the 
equally important subject of ordinary structures has 
been neglected and left to “ experience,” or, more pro- 
perly, imagination and hap-hazard. 

In fact, the bridges have generally been “ lumped”— 
so many at so much a piece, irrespective of size, slope, 
or skew, or, in fact, any other consideration. This has 
been the defective usual practice, and it was tolerated 
until the establishment of the Court of Referees, who, 
in demanding detailed estimates, and in carefully esti- 
mating the same, and hearing opposing evidence, have 
set up a standard of excellence Mitherto unknown. 

There is no doubt that, in an ordinary average agri- 
cultural line, requiring, say, thirty or forty thousand 
cubic yards of excavation to the mile, the common 
“works of art” (an expression properly French, but, 
applied to our subject, meaning bridges of small spans 
and culverts) do quite equal the cost of earthworks. 
In suburban districts the earthwork is by far smaller, 
but who would think of guessing the amounts in the 
cuttings? Then why do so in the works of con- 
struction ? 

The simple fact is, that the parliamentary estimates 
having to be sent in within twelve days after the de- 
posit of the plans on 30th November, there is no time 
for preparing anything like a detailed estimate—some- 
thing has to be arrived at, a sum of money must be 
put down, and that sum must afterwards be defended, 
if challenged. In some of the best offices the habit 
has been to make a small drawing of each work, and 
calculate from it accurately ; but this is a laborious 
process which, in a long length, involves much time, 
and, except in heavy structures, can hardly be under- 
taken generally. In those, however, we quite agree 
it ought never to be omitted. Some foreign Govern- 
ments, indeed, demand that drawings of all large struc- 
tures and general types of small ones be deposited with 
the plans. ‘There is much to be said in favour of this 
iconitien. 

Mr. Grover’s work we find to be divided into four 
parts : 

Ist. Culverts ; 

2nd. Bridges in embankments ; 

3rd. Bridges for surface lines—that is, for roads 
raised ; 

ith. Bridges in cuttings for various slopes. 

The culverts begin with the lowest form, 2 ft. 
diameter, and range up to 20 ft. x15 ft. internal di- 
mensions ; the forms are all of the simplest kind, such 
as are in every-day use. ‘There are six plates devoted 
to this subject, and a table of the quantities for one 
yard run of barrel and the fronts separate. 


viz. for occupation, public, and turnpike roads—that 
is, for spans varying from 12 ft. to 35 ft., according 
to the requirements of the general railway acts. The 
heights of the embankments range from the lowest ad- 
missible up to 50 ft. at various intervals, generally 
about 2ft.6 in. The quantities and drawings are for 
double or single lines—an arrangement which cannot 
fail to be of great service. Girder bridges are used 
only where the height is too small for an arch. 

4 the bridges for surface lines several forms are 
given, we suppose by way of examples of the different 
ways in which the subject may be treated. We notice, 
Plate 21, the aeahaulh expansive form in use on the 
Great Northern and its branches. On Plate 20 we 
have the continuous arch, carried right down to the 
ground in each abutment, said to have been in favour 
with Mr. Brunel, and a marvel of lightness; we believe 
this form, though rare, is still being used on some of 
the tributaries of the Great Western Railway by 
broad-gauge men. We are bound to say we cannot 
admire it, but it is a good contrast to Plate 21, and 
deserves study on that account. On Plates 18 and 19 
we have the usual constructions, one in cast iron, the 
other entirely in brickwork. 

Finally, the bridges in cuttings form the most nume- 
rous class, as various slopes have to be given. Ac- 
cording as the depth of cutting increases, so the 
strengths vary, and the number of arches increases 
from one to five. If any fault is to be found with 
these bridges, it is decidedly that they are too strong— 
the piers could certainly be reduced in practice by 
pockets, jack arches, and openings ; but, for the pur- 
pose for which they are intended, they are right ; in an 
estimate a liberal allowance should be made, and the 
drawings kept full for that purpose. 

In all cases of over-bridges three widths of roadway 
are estimated for; so that although there are only 34 
plates, no less than 158 bridges are estimated for, and 
the dimensions of each of these bridges are shown on 
the plates. 

A table of percentages to be added for every degree 
of skew is also given. We observe also a number of 
formule, of a simple character, which are very remark- 
able,as they show that the quantities of brickwork in an 
structure vary directly as the height, and otherwise fol- 
low some very remarkable laws which deserve very care- 
ful attention. Indeed, we are glad to be able to recom- 
mend this work to all engineers and contractors. There 
is no doubt but that it is concise, useful, and eminently 
practical, and will become a standard of reference. 

The plates have been skilfully lithographed by 
Messrs. R. T. Cook and Co., and the binding and get- 
up of the book are creditable to the publishers. 

We propose, in a future number, giving some illus- 
trations of the plates to show generally the style 
adopted. 








THE CRUMLIN VIADUCT. 


Paracrarus relating to this viaduct having ap- 
peared in different contemporaries, the following facts 
relating to the work have been placed at our disposal : 

In consequence of the large vibration of this viaduct 
under passing loads and a deflection greater than was 
considered consistent with the stiffness that such a 
structure should present, Mr. W. G. Owen, the resi- 
dent engineer of the Great Western Railway, had for 
some time turned his attention to the best mode of 
strengthening the viaduct, and in the early part of 1865 
commenced to stiffen the diagonals connecting the top 
and bottom members of the girders by means of gusset 
rom. During the time these gusset pieces were 
yeing inserted, and in consequence of representations 
made to the Board of Trade with reference to the 
vibration and consequent supposed insecurity of this 
structure, Captain Tyler was directed by the board to 
make an inspection and report, which he did in Sep- 
tember 1865. 

In this report, which went very fully into the subject 
of the amount of deterioration the viaduct had 
suffered, the extent to which he considered it in- 
secure, and the most efficient and satisfactory means 
of remedying this, Captain Tyler stated that he found 
the piles which supported the superstructure to be in 
as perfect a condition as when erected in 1857, but 
that the cross bracing between them was in places much 
rusted. The girders, to which his attention was 
especially directed, he found to have suffered in an im- 
portant respect, owing to the constant vibration of 
passing traffic, many of the pins which connected the 
bracing of the upper and lower members of the 
“ Warren” girders having been forced upwardsor down- 
wards according to the direction of the strain which 








The bridges in embankments are of three kinds, 


passed through the struts and ties to which they are 
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attached; but this occurred only towards the centre of 
each girder, where the alternating strains were greatest 
and the vibration excessive; the pins themselves were 
uninjured, the holes or eyes through which they pass 
having been enlarged or worn oblong by the incessant 
working to and fro. 

Captain Tyler showed in his report that the greatest 
strain which could be brought spon the bottom mem- 
ber of any of the girders was a little over 6 tons per 
inch. This he considered excessive, and having in view 
of the fact that it was at that time under considera- 
tion to replace the timber planking, which was much 
decayed, with an iron one, he suggested that to carry 
the extra weight of such a floor, as well as to relieve 
the load upon the existing girders, two extra ones 
should be introduced, and that cross girders should be 
placed at intervals of 3 or 4 ft., in order that the weight 
might be better distributed and the structure consi- 
derably stiffened. . 

The joint report of Mr. Fowler, the consulting en- 
gineer of the Great Western Company, and Mr. Brere- 
ton, who had been requested to investigate the subject, 
which followed Captain Tyler’s report, confirmed his 
views that a remedy should be adopted to stop the de- 
terioration of the bridge, but in some respects differed 
in the mode of doing it, and recommended the increase 
of gusset-plates to give stiffness, and relieve the piers 
of the diagonals, and the strengthening of the girders 
by means of additional plates and angle irons, so as to 
bring within 5 tons per inch the maximum strain 
which could be brought upon the viaduct, together 
with the substitution of an iron floor for the wooden 
one. This report was adopted by the company, and 
carried out by Messrs. Kennard and Co., the original 
contractors for the bridge, in a most careful and effi- 
cient manner ; and now, the work being finished, the 
result is in the highest degree satisfactory to 
parties. 








INDIAN ENGINEERS. 

Tue Friend of India asks, “What will India do 
“ for engineers?” and it must candidly be admitted 
that this is, at the present time, a very momentous 
a eg The impending collapse of all the services, 

uring the transition from the Indian to the royal 
staff system, threatens the public works department 
quite as seriously as the medical service. Men of any 
kind will not go out under Lord Stanley’s scheme in 
sufficient numbers, and the civil engineering colleges 
of Calcutta, Madras, Bombay, and Roorkee turn out 
only nine annually. Such has been the growing de- 
mand of the public works in India, that this one de- 

artment under the Government of India has increased 
in strength from 257 members in 1856, at the close of 
Lord Dalhousie’s administration, to 407 last year. 
Madras had last year 66, and Bombay 94 members, 
making 581 in all India, of whom 330 were milita 

and 251 civil engineers. Every year the tendency is 
towards the diminution of the military element, and, 
under the present system, there can be little doubt 
that the civil element in the department must con- 
tinue to increase. If, however, the ordinary demands 
of the department are to be met, steps should at once 
be taken to recruit it in both branches—not that we 
are at all anxious that the military element should be 
any further increased in proportion to the civil, but 
the pressing necessities of the service being so urgent, 
it were better that the staff should be augmented 
without reference to the respective proportions of civil 
and military officers, rather than appoimtments should 
be allowed to remain vacant, and any suspension of 
useful public works consequently permitted to occur. 
At present there are upwards of twenty vacancies 
under the Government of India which it is impossible 
to fill up properly, and this is of itself sufficient to 
demonstrate the inefficient means adopted with a view 
to attract persons into that service. During the last 
few years there have not been found, at the competi- 
tive examinations held annually in this country, a sufli- 
cient number of qualified candidates to fill the vacan- 
cies in the department. The advertisements issued 
regarding a similar examination to be held next year 
state the number of vacancies to be twelve, instead of 
ten, as has generally been the case; but we cannot 
see that in the absence of any increased attraction or 
inducement to enter the service there is much proba- 
bility that a greater number than usual of qualified 
candidates are likely to present themselves. In this, 
as in other departments, skilled men will be allured 
only by better pay, or, without this, more prizes in 
the higher ranks. ° If the grand scheme of urigation 
works for all India urged by the present Government 
there is to be even partially sanctioned, the present 
Scanty staff of engineers must be nearly doubled by 


the addition of men of great experience, who will re- 
quire high salaries. As the works on the several 
railway lines draw towards completion, the engineering 
staffs employed on them must of necessity be reduced, 
and it would appear probable that many of them 
inight, with advantage to the Government, be induced 
to enter the public works department; but this could 
only be effected by the offer of liberal emoluments. 








MR. PENN’S WOOD BEARINGS PATENT. 

Tue Lord Chancellor has given judgment upon the motion 
for a new trial of the cases of Penn v. Bibby and Penn v. Jack, 
for infringements of Mr. Penn’s patent for wood bearings for the 
shafts of screw propellers. On the former trial, Vice-Chancellor 
Page Wood decided the several points in favour of the plaintiff, 
and the Lord-Chancellor has now confirmed his judgment, hold- 
ing that it was, in all respects, according to the evidence, and 
that the testimony of Greenshields and Jack, as to the use of 
wood bearings in the Livorno, prior to 1852, was not to be 
believed, every circumstance of the case and of their conduct 
being against their evidence. The patent itself is fully sustained 
in a clear explanation of the required nature of the title of an 
invention, and of the provisional and complete specifications. 
We gave the whole case so fully in our impression of May 4 
last, and we need do no more here than congratulate Mr, Penn 
upon having maintained his rights against so determined an 
attempt to override them. We have the Lord Chancellor’s 
judgment in type, but must defer it until next week. 








WOOD-WORKING MACHINERY. 

NoTWITHSTANDING the well-known advantages attendant 
upon the employment of wood-working machimery, it can 
scarcely be said to be so generally used as it deserves to be. In 
large establishments its use is, no doubt, very generally adopted ; 
but in addition to these there are a number of smaller works 
where + wood-working machines are almost unknown, and yet 
where, nevertheless, their employment would effect an immense 
saving in the cost of labour. Of course in small shops it would 
not do to have a ber of ines, each applicable to one 





description of work only ; but this is by no means necessary, all | F 


manufacturers of wood-machinery now turning out machines 
capable of being used for a variety of operations. 

A few weeks ago we visited the workshops of Mr. Spicer, of 
West Brompton, which have been recently fitted up by Messrs. 
Samuel Worssam and Co. with a set of wood-working machines, 
which, although few in number, are capable of turning out a very 
large quantity of work of the class required by builders. The set 
includes a double deal frame, a self-acting circular saw-bench, a 
planing and trying-up machine, a large planing and moulding ma- 
chine, anda ‘general joiner,” together with a grinder for mould- 
ng-irons. The plant is exceedingly well arranged, the machines 
ibeing so placed that the rcugh “ stuff” entering at one end of the 
shop passes successively from one machine to the other until it is 
converted into finished work. The shafting is all placed beneath 
the floor, and thus the space above the machines is kept clear of 
belts, &c., a great advantage, as it enables the timber to be far 
more readily handled than it otherwise could be. We should 
add that the whole of the arrangement and erection of the 
shafting, as well as of the stationary engine which drives the 
whole of the machinery, was carried out by Messrs. S. Worssam 


nd Co. 

The Double Deal-frame is adapted for cutting up two deals each 
14 in. by 3 in.,'and will take in a maximum number of twenty-six 
saws. The swing frame is divided into two compartments, 
the connecting-rod passing up between these compartments and 
being attached to the centre of the frame. By this means a 
good length of connecting-rod is obtained without incurring the 
expense of deep excavations for the foundation. The logs are 
supported upon cast-iron rollers carried by standards fixed to 
the floor, and the machine is fitted with Messrs. S. Worssam 
and Co.’s patent “ silent-feed,” which admits of great nicety of 
adjustment. This ‘silent-feed” consists of eccentric pauls, each 
having a Y-edge, which works in a V-groove, formed on the 
periphery of the feed wheel; an oscillating motion is given to 
the one paul in the same manner as to an ordinary paul or catch 
working into a ratchet wheel, and when moved forward its 
_— bites into the Y-groove of the feed-wheel and moves it 
round; when this paul is moved backwards it immediately lets 
go its hold in the groove in the feed, which is prevented from 
coming back with it by the other fixed paul. ‘Thus it will be 
seen that the two pauls answer respectively to the live and dead 
ratchet feed, and the feed-wheel to the common ratchet-wheel. 
The amount of feed given can be readily altered by varying the 
stroke of the vibrating lever carrying the cam. In the case of the 
machine which we have been describing, the crank-shaft is run 
at about 200 revolutions per minute. 

The next machine of the set, the Self-acting Saw-bench, is 
adapted for sawing small timber or for cutting up deals or 
battens, It will take a 42 in. saw, and the fence i can be 
inclined so as to adapt the machine for cutting feather-edged 
boards. The timber to be cut is supported at each end by a 


strong iron truck or trolley running on rails, and which can be | 


rolled aside when not required. The timber is fed up to the 
saw by a rope acted upon by the feed motion and guided by a 
back carriage. The saw spindle is of steel, has three bearings, 
each 6 in. long, so that ample wearing surface is provided, as, 
indeed, it is in all Messrs. S. Worssam and Co.’s machines. 

The Planing and “Trying ”-up machine is one which, as its 
name indicates, is specially intended for ‘‘ trying” up warped or 
twisted scantlings of either hard or soft wood. It is provided 
with a long bed upon which a cast-iron table traverses, this table 
being truly planed on the top, and being provided at intervals 
of 4 ft. with screw cramps for holding the timber to be acted 
upon. The piece of twisted timber to be levelled or “ tryed up” 
is laid upon the table and held by the cramps, packing being 
placed underneath it at the points where it does not touch the 
table, so that it cannot spring when acted upon by the cutters. 
The cutters are fixed to a wrought-iron adze-block on a horizon- 
tal rapidly revolving spindle under which the table traverses. 





As the timber is passed under the cutters its top surface is per- 
fectly levelled, and it can then be turned over and the other sur- 


face similarly treated. The machine turns out the scantlings 
perfectly true, however twisted they may previously have been 
and it givesthem a good planed face. Instead of plain cutters 
others adapted for cutting mouldings may be fixed to the adze- 
block, and the timber may thus be beaded or rebated at the 
same turn that it is being planed. In some cases Messrs. 
Worssam fit these machines with an arrangement by which the 
rate of feed can be varied whilst the machine is at work, and 
this is very useful in operating upon very uneven or knotty tim- 
ber, as it enables the amount. of work thrown upon the cutters 
to be kept pretty uniform. a ‘ 

The large Moulding-machine will take b —_ = to 9 > 
by 3 in., and can plane, tongue, groove, edge, thickness, an 
et flooring, or y atch-beattind at the rate of about 20 ft. 
per minute. It is provided with mas sevelving adze-blocks for 
carrying the cutters, two of these which are fixed on vertical 
spindles acting on the sides, and the other two which are on 
horizontal spindles operating upon the upper and lower surfaces 
of the boards respectively. ‘The machine is entirely self-con- 
tained, and all the parts are made very strong, so that it can be 
driven at a high speed without vibration, The cutter-shafts have 
steel necks, and the bearings are fitted up on the excellent plan 
adopted by Messrs. S. Worssam and Co. for all their high-speed 
machinery. The adjustable brass of each bearing is fitted with 
four set screws passing through the corners of it, the points of 
these screws projecting through and bearing upon the brass 
tixed in the plummer-blocks. When the bearing is tightened up 
the pressure does not come upon the shaft, but is sustained by 
the set screws, so that the degree of tightness of the bearings can 
be adjusted to the utmost nicety. The spindles are also provided 
with screw collars for taking up the end wear of the bearings, 
and the latter are kept well lubricated by lubricators provided 
for the purpose. 

The uext machine, the “ General Joiner,” is, undoubtedly, one 
of the most useful machines made by Messrs. S. Worssam and Co., 
and from the great number of different operations which it is able 
to perform it is well adapted for use in small shops where no other 
wood-working machinery is employed. ‘The machine was first 
introduced by Messrs. S. Worssam and Co. some years ago, and 
many improvements have from time to time been made in it. 
the “ general joiner,” as now made, we give illustrations in the 
accompanying engravings; Fig. 4 being a side levation, and 

‘ig. 5 a plan of the machine. The main spindle of the 
machine is provided at one end with the fittings for holding a 
circular saw, and at the other with a socket for boring-tools, 
and the machine is furnished, in addition to the saw table, with 
an apparatus at the back for supporting the timber which is 
being acted upon by the boring machinery. The fence plate of 
the saw-table can be canted to any angle, and it is fitted with 
an arrangement by the aid of which it can be accurately set at 
right angles to the table without the necessity of employing a 
square. When employed as an ordinary circular-saw bench, the 
“joiner ” will cut scantlings up to 6 in. thick, By the aduition 
, a set of plane irons fixed to a planing disc, which can be sub- 
stituted for the circular saw, the machine is made capable of 
planing and thicknessing stuff up to 6 in. square, whilst by ex- 
changing the planing-disc for a cutter-block provided with 
cutters of various shapes the machine becomes adapted for mould- 
ing, ton; sing. and rebating, By placing the fence plate at an 
angle of 45° also, and using plain cutters on the cutter-block, the 
operation of chamfering can be readily performed. For grooving, 
a “drunken” saw is employed; this saw, which is merely a 
circular saw placed obliquely on the spindle, being set to ditfe- 
rent angles, according to the width of the groove to be cut. 

When used for tenoning, the parts of the machine are ar- 
ranged as shown in our illustrations, two saws of equal diameter 
being placed upon the saw spindle with a wooden collar between 
them of the thickness of the tenon to becut. ‘The piece of wood 
on which the tenon is to be formed is held by the “ tenoning 
slide” shown in the figures, this slide consisting of a simple ar- 
rangement which cun be traversed along the fence plate, and in 
which the wood can be securely fixed by a simple turn of a 
handle. By traversing the slide along the fence plate, the wood 
is passed over the circular saws, and the two cheeks of the tenon 
are thus cut, as shown in Fig.4; and after a number of tenons have 
been so far made, they are completed as follows: The double saws 
having been removed, a small saw is put in their place, the pro- 
jection of this saw through the table being such that the cuts 
made by it will just meet those made by the double saws. The 
tenoning slide is also removed and a cross cutting-plate placed 
upon the table, this plate being guided by a V on its under side 
fitting into a corresponding groove formed in the table as shown 
in Fig. 4. ‘The piece of wood to be acted upon is then placed 
against the cross-cutting plate with its end against the tence- 
plate, and, thus guided, it is passed over the saw. It is then 
turned over and the operation repeated—this last operation com- 
pleting the tenon. ‘Ihe cross-cutting slide is also available for 
squaring up. ‘The arrangement of the boring machinery and 
the manner in which it is used will be readily understood from 
the engraving without any special explanation. It is adapted 
for taking augers up to 2 in. in diameter, and will bore holes up 
to 12in. deep. The boring apparatus is also available for mor- 
ticing by means of a special arrangement provided for the pur- 

, which enables mortices from in. to 1 in. wide, and of an 
fength to be readily cut.ia any kibd of timber. ‘The timber fo 
cramped upon a planed cast-iron table, which has a lever motion 
for making it traverse in front of a revolving cutter, and is fitted 
with stops for regulating the length and depth of the mortice, 
A self-acting arrangement is added, by which the timber is fed 
up to the cutter at each stroke of the lever. One great ad- 
vantage of this plan of mortising is that the core is mete a 
the action of the cutter, and no previous boring is — . 
Besides the operations which we have already mentioned, the 
Joiner is capable of cutting sash bars, sawing oc forms 
mitreing, &c,, and, by a little management, it can also be used 
for moulding curved work. It is also fitted with a simple appa- 
ratus for wedge-cutting. Altogether the machine is Me gs le of 
saving a great amount of manual labour, and, attended by one 
man and a boy, it will, on an average, do quite the work of 
fifteen men, 

The machine represented in Figs, 1, 2, and 3, of the engravings 
is one which is not included in the set of which we have hitherto 





been — g, but it is one which is capable of a great variety 
of app! ications. It is termed by Messrs. S. Worssam and Co.their 
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“ Universal Moulding, Shaping, and Recessing Machine,” and is 
peculiarly adapted for cutting circular or twisted mouldings, cut- 
ting mouldings round raised door fea. chamfering, recessing 
housings in the string-boards of stairs, &c. The sections 
A, B, C, and D have been drawn from samples of its work 
now in our ion ; those marked A, B, and D being sections 
of curved bars. As will be seen by the engravings, the machine 
consists of a strong frame carrying the table on which the work 
is placed, the table traversing on slides provided for the purpose. 
There are two vertical cutter spindles, one above and one below 
the table, these being concentric with each other, and being each 
provided with arrangements for raising or lowering it, so that 
either or both sets of cutters can be brought to act upon a piece 





of work simultaneously. The cutter spindles are driven at 
about 5500 revolutions per minute, and the cutters are of course 
used of various shapes, according to the work to be done. The 
great amount of overhang with which the machine is made enables 
the cutters to be brought to bear upon the centre of a large 
piece of work, and the fore part of the frame is made very 
narrow, so thata moulding may be cut round the face of a cir- 
cular sash frame, or in a similar situation. The top spindle 
bearings are fixed to a carriage, which can be raised or lowered 
by a lever handle, and the vertical range is increased by the 
addition of a back-slide, as shown in the figures. The machine 
is also furnished with many niceties of detail to which we have 
not space to refer separately, and, indeed, it is one of which the 
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various merits can scarcely be seen without a personal inspec- 
tion. It turns out excellent work both in hard and soft wood, 
and the operations which it performs are those which it is most 
costly to perform by manual labour. Before concluding this 
notice of a few Messrs. Worssam’s wood-working machines, it 
is only right that we should bestow a word of praise upon the 
workmanship of those machines themselves. They are admirably 
proportioned, aud the materials and finish are of the very best 
character throughout; in fact, at the high speeds at which 
the parts of these machines are necessarily run, it is only by the 
very best workmanship that durability can be obtained, and any 
increased cost of construction thus incurred is amply repaid by 
the immunity from “ break downs.” 
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Advertisements cannot be received for insertion in the cur- 
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Cheques and money orders to be made payable only to Mr. 
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was liable, and who have not already had stamps returned to 
them, will oblige the publisher by notifying him at once. 
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8-p.m. “* On the best Means of Communicating between Passengers, 
oa ee Drivers of Trains in Motion,’. By W. H. Preece, Assoc. 
Inst. C.E. 


Society oF Enarvgzers.—Monday, December 10, Annual General 
Meeting at 7 p.m. 

CIVIL AND MECHANICAL Encinerrs Socrety.— Wednesday, Decem- 
ber 12. “On the Suez Canal.” By Mr. Siccama, 
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INSTITUTION OF CIVIL ENGINEERS. 


Tue papers read, and the discussions upon them, at 
the Institution of Civil Engineers constitute the 
direct but not the only value of that body to the pro- 
fession in general. Apart from the scientific and 
practical value of these papers and discussions—and 
the Institution professes no other value or purpose, 
for it neither grants degrees nor controls practice, ex- 
cept, "oy by a certain moral influence—it does, 
nevertheless, possess a great value as embodying the 
profession, and thus gaining for all its members far 
more consideration from the public than any but the 
most successful engineers could otherwise hope to en- 
joy individually. It is for what it has thus done, with- 
out endowments, practically without corporate powers, 
and neither professing nor exercising any kind of 
political influence, still less legislative action as to 
what engineers shall or shall not do, together with the 
long roll of famous names which have lent such lustre 
to its past existence, that every engineer, whether a 
member or not, feels a certain honest pride in the Insti- 
tution. That it has, by collecting the best practice 
and concentrating the best opinion of the time, ad- 
vanced practical science in a very great degree none 
will for one moment deny, and that, [ the greatly im- 
proved status which organisation always affords, it has 
given great social and moral advantages to engineers of 
every class is hardly less open to dispute. And as for 
the power for practical good which such an organisa- 
tion possesses, we have only to look at the Benevolent 
Fund of 25,000/., established within a few weeks, we 
might also have said days, in the year 1864, and which 
has already conferred untold blessings upon a few 
whose misfortunes would have had no other certain 
aid, and whose names even are kept in profound 
secrecy. 

The influence and prosperity of the Institution 
depend greatly, if not wholly, upon its freedom from 
cliques and party dissensions. ‘That a strong partisan 
fee ng is, however, active was too well shown by the 
hostility exhibited on the occasion for the discussion of 
the proposal for a new house, and which ended in the 
loss to the Institution of about 25,0000. already sub- 
scribed for the purpose. It is well known that this 
feeling is still as active, as jealous, and as hostile as 
ever, and we may warn the members who are not 
already acquainted with the fact that a movement is 
contemplated for getting the whole management of the 
Institution into the hands of a clique, and for dis- 
turbing, in a most graceless and personally offensive 
manner, and without the shadow of a pretence of any 
misgovernment, the usual course of official rotation. -We 
have hinted sufficient to place every member, really 





anxious for the lasting prosperity of the Institution 
upon his guard, and to suggest to him the real and, in 
this case, most exceptional importance of attending the 
annual general meeting, and taking such course, on 
the occasion of the election, as a desire to stamp out 
cliques and partisan feeling may suggest. 





OUR OLD WOODEN FLEET. 
Aurnoucs we have already expressed our sense of 
the unsoundness of Mr. Henwood’s proposal for con- 
verting our old wooden fleet into a ironclads by 
cutting down their sides and plating them with six or 
seven inches of iron, and although we cannot doubt 
that all practical engineers who have given the subject 
their consideration will ratify our sentence of condem- 
nation, yet we are sensible that, on a superficial view, 
the scheme presents features of apparent advantage 
which may entrap the suffrages of the unwary, and it 
may, consequently, be useful still further to analyse 
its pretensions, whereby alone its hollowness can be 
fully exposed. 
he advocates of Mr. Henwood’s projects maintain 
that as we have a large fleet of wooden men-of-war 
which, in their present condition, are of no use, and 
which cannot be got rid of but at an immense sacrifice, 
it is advisable to cut down and convert thirty-two of 
these ships into ironclads, at an expense of about 


100,000/. each, by covering the sides with 6 in. or 7 in. P 


armour, while, as regards their power of ramming, a 
slight additional cost, it is maintained, would enable 
their bows to be filled in with solid timber, and to be 
fitted with a proper cleaver. As, however, doubts had 
been expressed whether the body of the ship would be 
strong enough to support the bow in this operation— 
seeing that the whole ship should constitute the ram, 
and not the bow alone—and as, moreover, it was 
doubted whether the bottom or sides would withstand 
the shock from the ram-bow of another vessel—seeing 
that the existing wooden vessels had not been de- 
signed with reference to ramming at all—it is alleged, 
as an adequate ground for the rejection of such doubts, 
that Mr. Watts is prepared to certify to the strength 
of the vessels proposed to be converted—a statement, 
to say the least, of most questionable accuracy, if the 
strength to be certified is the strength necessary to fit 
the vessels for functions they were never intended to 
perform. No doubt the framework of the vessels 
might be strengthened ; but if vessels have to be cut 
down, and doubled, and fitted with new bows, and 
armour-plated, to fit them for new functions, which, 
after all, they can only perform imperfectly, would it 
not be nearly as cheap, and very much better, to build 
new hulls altogether? The advocates of Mr. Hen- 
wood’s plan say that old line-of-battle ships cannot be 
readily sold, and that to sell them for breaking up 
would only yield about 9000/. per vessel; but in the 
same breath they admit that offers have been made to 
the Government to purchase our old wooden men-of- 
war with a view to their conversion into ironclads for 
foreign nations, but that our old fleet should not be 
sold to foreign nations with John Bull’s consent. 
And why not? If John Bull consents to supply foreign 
nations with new men-of-war, why hell S decline 
to supply them with old? There are foreign nations, 
no doubt, with such small pretensions to be accounted 
first-rate naval powers, that vamped-up old wooden 
ships covered with iron would answer their purposes 
erfectly well, while it would equally answer John 
Bull’s to get rid of his old ships at a moderate price 
in order that he may be better able to supply himself 
with others possessed of such superior powers as will 
satisfy ascertained wants, and enable him to vindicate 
his high naval pretensions. While, therefore, our old 
men-of-war might be eligible purchases for such 
powers as China or Japan, if they could be obtained at 
a moderate rate, it does not by any means follow that 
they are proper vessels for a leading naval power to 
retain or transform, since a leading power should be 
satisfied with nothing short of the best species of 
vessel which the most advanced intelligence of the 
time can produce. The transfer of our old clothes 
to a less prominent and pretentious power may be 
equally good for him and for us, or other uses for them 
could be found which we could easily recapitulate. 
But we take higher ground, and maintain that, if the 
alternative lay between the sinking of our old ships and 
their conversion according to Mr. Henwood’s plan, 
it would be better to sink them, simply because, after 
the conversion had been effected, they would be only 
very inferior vessels, and England ought not to rest 
satisfied with anything short of the best which contem- 
poraneous science can produce. 
It will not be supposed that the idea of cutting 
down our old wooden vessels and converting them into 





ironclads has not occurred to most persons who have 
ever given to the subject of our naval defences any 
consideration; but, though carrying with it a certain 
measure of plausibility when first presented, the pro- 
position has finally been discarded by all competent 
and unprejudiced enquirers, and for the following 
reasons : a 
_ 1st. Because when you begin to alter an old ship 
it is impossible to foretell what the expense will be. 
2nd. Because the altered ships, however strength- 
ened, would still be weak, incoherent, and dangerous, 
especially in the absence of bulkheads. 

3rd. Because the proposed thickness of six or seven 
inches of armour is quite too little for any vessels now 
proposed to be undertaken, seeing that the 9 in. gun 
sends projectiles through Sin. of iron and 18in. of 
backing. : 

4th. Because the altered vessels, even if strong 
enough and covered with sufficiently thick armour, 
would be inefficient from being too slow. No speed 
under 16 or 17 knots should be considered adequate 
in any future additions to the navy. 

5th. Because wooden vessels are not only weak, but 
combustible. 

6th. Because, however valuable a fleet may be to 
England, a more valuable article still is the sailors 
who man it, and who, if sacrificed, cannot be re- 
laced ; that England’s naval position is of such vital 
importance to her that it is the worst economy, and 
is, moreover, an inexcusable fault to put up with a 
bad instrument of naval warfare when a good one can 
be got; and, as we know quite well that we can pro- 
duce far better war ships than the old wooden fleet 
replated can ever constitute, it is indispensable that 
we should lend all our energies to the accomplishment 
of that task, and dispose of our old fleet to any one 
who will buy it. 

Such are our objections. It is maintained, indeed, 
by some of Mr. Henwood’s me orters that, although 
we alter the old fleet, we shou it nevertheless proceed 
to the construction of a new one. To what end? In 
which fleet-—the old or the new—are we to place our 
sailors? It is plain we have not men enough for the 
whole ; and if we have an adequate good fleet, to what 
end are we also to go to heavy expense in producing 
a duplicate bad one? It is alleged, indeed, that we 
are at present very vulnerable, and that it behoves us 
to acquire additional ironclads with the least possible 
delay, which will be soonest done by altering our old 
ships. But an obligation. still more imperative de- 
volves upon us, which is. to make sure that the iron- 
clads we do acquire will be really efficient, and 
this end is only to be attained by building new vessels 
far in advance of everything yet designed, instead of 
contenting ourselves with altering old vessels which, 
after much time and money had been spent upon 
them, we know would fail to satisfy existing wants. 








THE P. AND O. STEAM COMPANY, 


No. I 


Tue directors of the Peninsular and Oriental Steam 
Company have just issued an onpeeate statement 
illustrative not merely of the past history and present 
position of the company, but of its claims upon public 
confidence and approbation.. The company which: 
existed originally as the Peninsular Steam Compan: 
was transformed into the Peninsular and Oriental Steam 
Company in 1840, so that it has now completed a 
quarter of a century of its career in its extended form ; 
and the directors men the epoch by reviewing the 
past achievements of the eg and by recapitulatin 
such facts connected with its life and action as wil 
suflice to remove popular misapprehension, and enable 
a sound opinion to be arrived at as to its real merits 
and character. That the company has on the whole 
satisfactorily fulfilled its duties, and has proved of 
advantage to the nation, may be fairly presumed from 
its growth from small beginnings up to its present 
gigantic dimensions. For it can by no means be 
mentioned that its growth and prosperity are imputable 
to Government favouritism and protection, seeing 
that it has continually had to fight its way against 
powerful competitors, who, in some cases, enjoyed a 
still greater measure of Government favour, and that 
the great fact meets us on the threshold of inquiry 
that this company has succeeded where others have 
failed. The fact of such success carries a presumption 
of merit and efficiency. But the directors do not 
rely upon any such general pleas, but go with much 
fulness into the details of the working of the company, 
and show that the arrangements which have been 
made with them from time to time for the conveyance 
of the mails were made simply because they embodied 
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the most favourable conditions for the public inte- 
rests which could be obtained; that the attempts 
which have been made by the Government to break 
up the Indian mail service into several lines which 
would compete with one another has not only 
failed, but must necessarily fail, unlessa very much 
larger sum is given for doing the same work; and 
that the conveyance of mails, so far from being the 
benefit or sinecure which some persons suppose, is 
hampered with so many conditions, and involves the con- 
veyance of such a large number of tons of cargo in the 
shape of letters, newspaper parcels, &c., amounting 
in some cases to the cargo of a small ship, and for 
which no payment beyond the uniform mileage rate is 
obtained ; that it is a question whether a well-esta- 
blished company is not better without the mails than 
with them, seeing that the payments are so small rela- 
tively with the work done and the encumbrances and 
interferences so great. The sums received by the 
Government as postages on the Indian lines pretty 
nearly cover the sums paid as subsidy, and, in fact, 
would have more than dee so, only that the Govern- 
ment has lowered greatly the rate of postage—an 
arrangement, no doubt, of great national advantage, 
but one involving this result, that the steam company 
has to carry a much larger quantity of mails without 
getting anything more for doing so. We believe that 
or some years past the Admiralty has been jealous not 
merely of the P. and O. Steam Company, but of the 
Cunard and all other large and successful steam com- 
panies as coming between the wind and their own 
nobility. But against all such pettinesses the 
steam companies have an obvious protection. Let 
them put upon their several lines a few vessels 
of a high rate of speed, and the Government will 
have xo option but to employ those vessels in 
the conveyance of the mails, for if they did not do so 
the public would send their letters as parcels. We 
observe that the P. and O. Company has just begun a 
weekly service to Bombay, and we would wish to im- 
press upon them this paramount consideration now 
that the mails will not much longer go from Suez 
through 4757 miles to Calcutta, but from Suez through 
2972 miles to Bombay; and seeing that the line from 
Marseilles to Alexandria, 1478 miles, will before long 
be exchanged for a line from Brindisi, or some other 
Italian port, to Alexandria, of about half the length, 
the total length of sea-voyaging in conveying the fast 
mails from this country to India will be reduced to 
about 3672 miles, en by having’ four very swift 
steamers, and by giving up the coaling at Aden, the 
sea part of the journey could be reduced to about eight 
days, and the bur vessels would suffice to maintain a 
weekly service. Of course these swift vessels would be 
expensive ; but they would necessarily carry all the pas- 
sengers, and also all the mails, whatever charge for the 
conveyance of the mails the company might think proper 
to impose. Nor would the consumption of fuel in such 
aa even with engines of a type not the most eco- 
nomical, be ruinous or unprecedented. The Pereire, 
a screw steamer plying across the Atlantic, maintains 
an average speed of 13} knots, with a consumption of 
83 tons of coals per day. If we suppose the power of 
this vessel to be doubled, the consumption would be- 
come 166 tons per day, and the speed would be in- 
creased to 16.875 knots. Now, to perform a distance 
of 5672 knots in eight days, or 192 hours, a speed of 16 
knots is sufficient, so that a vessel consuming 166 tons 
of coal a day ought to be equal to the proposed 
service. The actual consumption of coal in the Scotia 
daily is — tons, so that the consumption of the pro- 
posed vessels would not be unprecedented. The con- 
sumption per actual horse power per hour of the 
Pereire is 3.1 1b., and a reduction on this consumption 
might fairly be expected if we were to employ steam 
of a higher pressure worked more expansively, as the 
general use of surface-condensers now enables us to do. 
On the whole, we think it not improbable that, with 
improved vessels, the proposed service could be per- 
formed with vessels burning a very little over 100 tons 
per day. This conclusion we commend to the attention 
of the directors. Its soundnes: can easily be tested by 
taking the opinion of engineers of reputation respect- 
ing it ; and if it should be confirmed, as we feel sure it 
must be, then we venture to think that the establish- 
ment of such a line would be a fitting achievement for 
a company which has already done so much for the ar 

of steam navigation, while a performance so unrivalled 
would give a prestige which would silence even the 
murmurs of faction, and lift the company high above 
all risk of coercion or competition. This is all we 
have time to say this week. Next week we hope to 
be able to proceed to the analysis of the valuable 
“ statement” which the directors have put forth. 





LIGHT RAILWAYS. 

Mr. Fox’s paper, read last week at the Institution 
of Civil Engineers, was of a kind to invite much dis- 
cussion from railway men and locomotive superinten- 
dents. It did not profess to recommend, but to de- 
scribe, light lines made to carry engines and trains, 
of which no single pair of wheels is loaded to more 
than 6 tons. Such lines have been carried out in Nor- 
way, in India, and in Queensland. It was shown that 
they were cheap in first cost, but, we think, there can 
only be here and there a doubt that they will prove 
the most costly in the end. They must prove not 
only temporary but temporising lines, taking no ac- 
count of the future ; and unless it admits of something 
like absolute proof that the line which will serve to- 
day will be sufficient for the wants of twenty years 
hence, we think that all lines avowedly constructed 
for a permenant light traffic are mistakes, and, little 
as they may be, great mistakes. This, we believe, 
will prove to be more especially the ease when the 
lines are made of an exceptional, and especially an 
exceptionally narrow gauge. For where the gauge is 
the same as that of the general railway system of the 
country, the works may be strengthened almost im- 
——— and the weak line of 1866 may, by 1876, 
yecome eapable of bearing 50 ton engines and the 
very heaviest traffic. But where any substantial 
change signifies entire reconstruction and a long 
intervening annoyance from break of gauge—and it 
is especially in new countries that railway development 
is most rapid—it will be found that so-called “light” 
lines, especially if of 34 ft. gauge, will entail an ulti- 
mate cost out of all consideration as compared with 
that of the apparent saving at first effected. They 
will for some time be found wholly unfit for an increas- 
ing traffic, and when they are rebuilt everything must 
be reconstructed at once, just, perhaps, when the traffic 
has grown largely, and when time is of very great 
importance. It is of no use, then, to replace this or 
that rail, or to strengthen a bridge here or there. The 
whole line has to be rebuilt, almost between two days. 
If originally made for a “light” line only, its cuttings 
and embankments are too narrow, and the latter too 
weak, its bridges are insufficient, its rails all too 
light, and, indeed, everything in its structure upon too 
small a scale. We believe that within five years it 
will be found that the whole theory of light lines is an 
egregious mistake, and that they have entailed needless 
cost. upon their proprietors. And here we are referring 
to exceptionally narrow-gauge liues. We are not ad- 
vocating great present sacrifices to the future, for 
even a temporary line, capable of gradual strength- 
ening without any sudden change, may be made, as 
the Americans have done in the case of most of their 
railways. 

As for locomotives, Mr. Fox’s paper raised a dis- 
cussion upon Mr. Fairlie’s engine, designed for the 
steeper inclines of the Queensland railways. There 
is a great deal in the principle of this engine of which 
we heartily approve, but it is a principle meeting the 
case of our own great lines rather r wl that of the 
40 Ib. rails in Queensland. Mr. Fairlie does not deny 
that his engine is more complicated than the ordinary 
type, but this complication, so far as it goes, is excu- 
aie when ordinary engines of fewer parts and of the 
requisite strength are found far too trying for a costly 
yermanent way of Bessemer steel rails and sleepers 
taid at 24 ft. centres. Had we laid out the Queensland 
lines with a full knowledge of what Mr. Fairlie had 
done, we should have simply strengthened the rails on 
the steeper inclines, and employed’ ordinary engines 
of sufficient weight. Had we had occasion, however, 
to deal with like inclines upon great main lines, we 
should have seen much promise in a system which 
enables great power to be exerted under the direction 
and attendance of one man only. At one time two 
locomotives, coupled end to end, were considered best 
for steep inclines; but we think that it is now recog- 
nised that where four cylinders and four sets of driving 
and valve gear are to be employed at all, it is better to 
employ them in the same engine, the driver having but 
one regulator, one reversing-lever, one steam-gauge, 
one gauge-glass, one furnace door, one damper, one 
brake, one steam jet or blower, and one sandbox to 
look after. The system of twin engines we consider 
wholly indefensible. It was warmly supported by Mr. 
Robert Stephenson, but it was not, even in his time, 
understood that all the advantages of distribution of 
weight, with great aggregate power and perfect flexi- 
bility on curves, could be obtained in a single engine, 
as they can now be, upon Mr. Fairlie’s plan. We con- 
sider that no engineer can now pretend to make out a 
case in favour of twin engines, with separate boilers, 
firedoors, dampers, blowers, regulators, reversing gear, 











pressure-gauges, Gange-glasses, sandboxes, brakes, and 
all the risks of divided attention. There is an old 
stock objection, raised in the very discussion to which 
we refer, that a single large engine, if anything goes 
wrong, is laid up wholly, =. on one of a pair of twin 
engines might still be serviceable. Those who raise 
this well worn objection do not apparently perceive to 
what lengths it would lead them. Tt would really bear 
this extension, that where heavy single engines are now 
used on nearly all railways for heavy traffic, it would 
be better to employ two or more—and the argument 
would be in favour of even a dozen—so as to divide 
the chances of individual disability as far as possible 
among the whole. ‘This is a merely pretentious objec- 
tion, of no real practical weight ; for the decision of 
experience is quite against it, and shows that it is 
better to employ one large engine for a given work 
than two, three, or a dozen smaller ones. 

As for Mr. Fairlie’s engine, which formed the real 
subject of last Tuesday’s discussion at the Institution, 
it possesses unquestionable advantages in principle, 
viz. in its distribution of weight and flexibility for 
great powers, and if, as we hope may. be the mun all 
its details of construction—none of which appear to 
involve any really serious difficulty—are satisfactorily 
carried out, it will deserve immediate adoption, and 
will unquestionably be the goods engine of the 
future. 





THE PRIVATE BILL OFFICE. 


THE coming session of Parliament will see far fewer 
engineering schemes than are usually deposited at the 
end of each successive November. Plans for 96 rail- 
way and 83 miscellaneous bills have, however, been 
lodged, and some of these are of considerable import- 
ance. Of the number which we have examined (and 
which bear a fair proportion to the whole) we shall 
hardly attempt here anything like a classification in 
the order of their apparent importance, but shall 
notice them in the accidental order of our own notes. 

Mr. Thomas Bouch, of Edinburgh, acting for the 
London and North-Western Railway Company, has 
deposited plans for a line of considerable magni- 
tude between Buxton and Sheffield. It commences b 
a junction with the Stockport, Disley, and Whalley Rail- 
way, near Chapel-en-le-Frith Station, and terminates 
in the town of Sheffield, after running close to and 
nearly parallel with the Manchester, Sheffield, and Lin- 
colnshire Railway for a short distance. There are 
two tunnels shown on the section of this deposit, hav- 
ing a united length of 7 miles, the first one being 
6913 yards long, and the second 5280 yards, the 
greatest distance from rail level to ground surface 
being 660 ft. and 758 ft. respectively. These appear 
to be the only heavy works upon the railway, which is, 
with these two great exceptions, almost a surface line, 
with tolerably flat gradients. 

An important line will be the Huddersfield and Hali- 
fax, promoted by the London and North-Western and 
the Midland Companies, and of which Mr. William 
Baker and Mr. J. 8. Crosley are joint engineers. The 
distance is not great, but the line will connect two im- 
ween towns, and will furthermore form a new link 
between two great systems of railway to the north and 
south. ‘The line, as would be expected from the dis- 
trict, is a somewhat rough one, a good portion of it 
inclined ] in 100, with curves of 15 chains radius, 
while the descent into Halifax is at the rate of 1 in 
51.4. The Fixby tumnel, the principal work of the 
kind on the line, will be 1826 yards, or a little more 
than a mile long, and will be 434 ft. deep under the 
mountain. ‘The Elland viaduct will be 280 yards long 
and 104 ft. high above the water; and the Salter- 
hebble viaduct will be 220 yards long and 118 ft. 
high. 

“the London and North-Western Railway Company 
will bring forward three or four bills, none of them 
of especial public or professional interest, although 
they represent a good deal of hard office work in the 
engineer’s department, of which Mr. Baker is chief, 
and Mr. Clarke the next in command. The bills are 
chiefly for the acquisition of land and alteration of 
roads, the principal new works being considerable ex- 
tensions of the nae at Garston, on the Mersey, and 
for short lines n South Wales. On the latter the 
Merthyr, Tredegar and Abergavenny line will have 
gradients of 1 in 35, 1 in 40, and 1 in 52, while the 
Dowlais extension will have gradients of 1 in 40. 
There is to be a considerable additional width of arch- 
ing over the Irwell in Manchester, so as to accommodate 
more lines of rails. 

The North-Western and Charing-cross Railway, of 


which Mr. Hawkshaw, Mr. Baker and Messrs. Ordish 
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and Le Feuvre are engineers, is represented by a bill 
asking for the now-recognised privilege of underpinning 
buildmgs not actually required for the line, but which 
might otherwise be injuriously affected by the execution 
of the works. 

The London, Brighton, and South Coast Railway 
Company, Messrs. Hood, Jacomb, and Bannister en- 
gineers, have a bill for alterations and extensions of 
(as well as for absorbing) the Surrey and Sussex Junc- 
tion Railway: This line, now in course of construc- 
tion, extends from Coulsdon to Groombridge, passing 
under the South-Eastern Railway near Edenbridge—a 
tunnel being made on either side, respectively 105 and 
165 yards long, the South-Eastern itself being in a 
deep cutting at the point of crossing. The Sander- 
stead tunnel on this, the Surrey and Sussex Junction 
line, is nearly half a mile long, and the Coulsdon 
viaduct is 135 yards long and 59 feet high. The 
ruling gradient is 1 in 100, and the cuttings and em- 
hankments are somewhat heavy, and follow each other 
in almost regular succession. 

The Glasgow (City) Union Railway deviation from 
their authorised line will give a level, instead of an in- 
cline of 1 in 70, between Gallowgate and Garngad 
turnpike-road. The Monkland Canal is also to be 
diverted near the Blochairn Ironworks, so that the 
line may pass under it. Messrs. John Fowler and J. 
F. Blair are the engineers to this line. 

The Crystal Palace and East London High-level 
Junction, Messrs. John Hawkshaw and James S. Burke, 
engineers, is for a short line from Deptford to Cam- 
berwell, joining the East London line at one end and 
the Crystal Palace and South London Junction Rail- 
way at the other. It will have no important works, 
but the ruling gradient will be 1 in 70. 

The Great Western Railway Company, through Mr. 
M. Lane, have deposited plans for eleven railways in 
the Dowlais and Merthyr-Tydvil districts, together with 
eight minor schemes for the widening of roads and 
bridges and the acquirement of additional lands. 

Messrs. Hawkshaw and Burke apply for a devia- 
tion at Willesden of their already authorised North 
Metropolitan Railway. 

The Midland Railway Company, through Mr. J. S. 
Crosley, apply for power to construct five short 
branches from their already authorised Midland Line, 
in the counties of Derby, Nottingham, and Stafford ; 
also for deviation from their original plans, for per- 
mission to absorb one or two existing lines, to obtain 
running powers over the South Staffordshire, the 
London and North-Western, and the Wolverhampton 
and Walsall Railways, or such parts of them as they 
may require, and to get possession of additional pro- 
perties for station and other purposes. They also 
apply for permission to raise a superannuation fund for 
the benefit of their officers and servants, and to estab- 
lish a guarantee fund for the good behaviour of the 
same ; such funds to be raised partly by contributions 
from the servants, and partly by money supplied by 
the company. 

Hoylake Railway, Chester Extension; Messrs. 
Piercy and W. Davies. This is the second applica- 
tion for Parliamentary sanction of ascheme, a part of 
which was passed last session. A length of about 
5 miles, commencing at Hoylake, a small town 
situated on the mouth of the Dee, and terminating 
just opposite to, and within 6 chains of, the end of the 
railway belonging to the Birkenhead Dock Company, 
was completed and opened for traffic about a year since. 
The ultimate object of this railway is to form a direct 
communication between the Welsh coal and mineral dis- 
tricts and Birkenhead$ and with this view a petition 
was presented and refused, to construct a tunnel be- 
neath the Dee, Doubtless, the promoters will ulti- 
mately succeed in this part of their scheme, which will 
complete a most valuable line of railway. The depo- 
sits show two lines—one 11 miles 2 chains long, ter- 
minating in Chester, and running parallel for its whole 
length with the north bank of the Dee; the second is 
a short junction, uniting the proposed extension, near 
its terminus with the Chester and West Cheshire Junc- 
tion Railway. 

The Birkenhead Docks (North and South Junction) 

way commences by a junction with the Birken- 
head and Chester Railway, and, with a wide detour, 
terminates by a junction with the North,and South 
Junction Railways belonging to the Dock Corporation. 
It is not easy to comprehend the object of this scheme, 
the Birkenhead and Chester Railway accomplishing by 
a perfectly direct route what the promoters propose to 
ellect by a circuitous one. Probably heavy gradients 
and excursion traffic will be urged as sufficient reasons 


way bills this session; his principal application being 
for powers to effect a juncture at Rpaker street between 
the Metropolitan and St. John’s Wood Railway, now 
in progress, and the existing Metropolitan Railway. 
he Bristol Port, Railway, and Pier Company apply 
for powers to construct two railways, 3 miles, 5 4 
longs, 44 chains, and 3 furlongs, 54 chains long. The 
first line commences by a junction with the existing 
line at Westbury, and terminates at Clifton by a junc- 
tion with the Bristol and South Wales Union Railway ; 
the second railway is a small branch from the first, 
connecting it with the Bristol and Birmingham branch 
of the Midland Railway. The only engineering fea- 
tures in this scheme are two tunnels—one 1650 yards 
long, on a gradient of 1 in 66; and a second 278 yards 
long, on an inclination of 1 in 80. Mr. James Brunlees 
signs the _ of this deposit. 
The following is a summarised classification of the 
various railway bills deposited on the 30th of Novem- 
ber, session 1866-67 : 


Railways 46 
Extensions ... 12 
Deviations ... —... 10 
Extension of time ... se “on 2 
Additional lands and amalgamations 6 
Metropolitan - oe 3 
Tramways ... 2 
Scotch railways 10 
Irish oad 5 


Total 96 


The Thames Subways Bill, Peter W. Barlow engi- 
neer, is for four subways under the Thames; the first 
between Pimlico pier and Nine Elms, the second be- 
tween the Temple pier and the Surrey side opposite, 
the third between the Tower dock and Pickle-herring 
street, and the fourth between Wapping Old stairs 
and Cherry-garden stairs ; conidendie limits of devia- 
tion being taken. The bottoms of the subways at the 
lowest points are to be 57 ft. to 58 ft. below the sur- 
face of high water. The entrance shafts at the ends 
are all to be 48 ft. deep, and slopes of 1 in 40 will be 
introduced into some of the subways. They are re- 
spectively of about the following lengths, taking the 
order given above: No. 1, 800 ft.; No. 2, 1320 ft. ; 
No. 3, 1050 ft.; No. 4, 1000 ft. 

The East London Waterworks Company deposit 
plans for an extensive scheme, having for its object the 
supply of the north of London between Sunbury and 
Walthamstow. They apply for powers to take water 
from the Thames at a point a little below the weir at 
Sunbury, and to construct a conduit or line of pipes 
commencing at that point, and terminating in the 
parish of Walthamstow, in the county of Essex. 

The total length of this main conduit will be 23 
miles, and will supply the various parishes on its 
route, including Walton-on-Thames, Sunbury, Twicken- 
ham, Isleworth, Hounslow, Brentford, Willesden, Ken- 
nington, Islington, Hornsey, Stoke Newington, and 
Walthamstow. They also purpose to construct branch 
conduits to supply the parishes of Clerkenwell, Totten- 
ham, and St. John Hackney. ‘These, together with 
application for the necessary reservoirs, filter-beds, 
and branch conduits, form the principal features de- 
scribed in the preamble of this bill, and shown in the 
deposited plans, There is a rise of 98 feet in the first 
main conduit between the Thames at Sunbury and the 
reservoir at Hornsey, whilst the second length, ending 
at Walthamstow, has a full 103 ft. 6 in. in the three 
miles. The engineer to this scheme is Charles Greaves. 

All the London Gas Companies, including five or 
six in the southern and south-western suburbs, are 
threatened with extinction by a sweeping bill to be 
brought in for vesting all their works in the Metropoli- 
tan Board of Works and in the City Commissioners 
of Sewers, who may also, if the Bill passes, dispose of 
all or any of the works and erect others elsewiere. 
Powers are to be sought, also, in case the companies 
are still permitted to exist, to control everything in 
the making, purifying, and delivery of gas, to reduce 
and regulate gas capital, and to prescribe a minimum 
dividend. This great Bill, “ Metropolis Gas,” will be 
the Sadowa of the session. 

Meanwhile the Chartered Gas agg 6 beaten last 
session by the closest division, in their scheme for 
vast works at Hackney, have a bill for works on the 
north bank of the Thames, at Barking and North 
Woolwich. If carried out, these will probably be 
the largest gasworks ever constructed. A dock 1s to 
be made, 500 ft. by 200 ft. and 30 ft. deep, with quays 


the Thames. The company proposes also to make and 
sell gas in bulk to other companies.} 

The Imperial Gas Company’s bill is for works on 
the Grand Junction Canal at Willesden, and for works 





er the new line should be constructed and the present 
way relieved. 


Mr. John Fowler has no show of metropolitan rail- 


also near Bow Creek and in West Ham. ‘There is no 


160 ft. wide around it, and a lock 220 ft. long into | P 


doubt now of the security for ever of Victoria-park 
against any invasion of its neighbourhood by this 
7 in erecting new works. 

The Greenwich and South-Eastern Dock Bill, George 
H. Bovill engineeer, is for reviving and extending 
the powers of the company formed for that work. 
These docks are to be on the north side of the Thames, 
inthe Woolwich reach. They will be three in number, 
all of a width of 700 ft., one being 1200 ft., one 900 ft., 
and the other an average of 650ft. long. A lock 
375 ft. by 100 ft. inside is to open into Bugsby’s reach, 
and another 275 ft. long, and narrower than the first, 
oe Blackwall reach. ‘The quays are all to be 200 ft. 
wide. 

The Mersey Docks and Harbour Board have a bill for 
closing St. George’s Basin, forming new approaches to 
the landing stages, and for various other purposes. 
We have so recently described the intended improve- 
ments in an article headed Liverpool and the Mersey, 
that we need not note them in detail here. 

The Southwark and Vauxhall Company have a bill 
for acquiring an additional field at Hampton, the 
object being, we believe, to extend the filter-beds there. 
The company intend, we believe, to ultimately remove 
altogether from Battersea-fields, and to pumpdirect from 
Hampton over the whole of their extensive district. 

The Newcastle High-level Hoist is for a hoist, ware- 
houses, and viaduct on the eastern side of the northern 
end of the high-level bridge at Neweastle. Messrs. 
Shelford and Robinson are the engineers. 


GAS COMPANIES. 

A PARLIAMENTARY return, just published, concerning cer- 
tain gas companies established by Acts of Parliament, in the 
information they contain, furnish curious and suggestive evi- 
dence as to the progress made in the adoption of the indis- 
putably valuable invention given to the public above seventy 
years ago, without any reservation in the way of patent right. 
As early as 1792, Murdoch’s cottage at Redruth, in Cornwall, 
was lit by gas, manufactured by himself. In 1798 he fitted up 
part of the Soho Works at Birmingham with the necessary ap- 
paratus for manufacture and the distribution of the new illumi- 
nator, and actually supplied the portion of the works so fitted 
with gas. In 1802, on the occasion of the Peace of Amiens, 
the first grand external illumination of a building by hing seen 
in England was exhibited at the same Soho Works, to the won- 
dering delight of all beholders. Slowly the new illuminating 
power attracted attention in other quarters, but several decades 
passed before it was adopted by a majority of even the principal 
cities and boroughs in the United Kingdom. Of late years, how- 
ever, whatever grounds there may be for complaints as to the 
high price and the low quality of the gas supplied, it can scarcely 
be attributable to the smallness of the number of companies in 
operation or the absence of competition. For the years 1864 
and 1865 one hundred and seventy-five companies, established 
under Acts of Parliament, have furnished certain returns. Of 
these companies, 21 are in the Metropolitan district, 143 in the 
provinces (England and Wales), 8 in Scotland, and 3 in 
ireland. A great majority of these companies are in locali- 
ties, where other gas companies are in existence, and 
most of the others belong to towns and villages which 
have greatly increased in trade and population, or which have 
sprung into existence in the present century. The gasworks 
first established charged as much in some instances as 10s. and 
even 12s. per 1000 cubic feet. The —— consumption and im- 
proved modes of manufacture have greatly reduced the rates, and 
have, nothwithstandlng, — net profits for dividends of, in 
many cases, 10 per cent. es 








n the new metropolitan gas compani 
the prices of gas range from 4s. to 5s, for common and, in one 
case, 5s. per 1000 for cannel gas. The price paid by the com- 
panies for coals from 19s. 10d. common to 32s. 10d. cannel. The 
dividends paid are 4, 44, 7, 74, 10 per cent., and 10 per cent. 
and arrears. At Barnsley, in Yorkshire, coals are as low, being 
so near the pit mouth, as 5s. per ton; gas is 3s, 9d. per 1000, 
and the company pays 10 jw cent. At Bingley coal is 9s. 3d. 
per ton, gas 5s. per 1000, dividend 7 per cent. Bradford, coal 
9s. 113d., gas 2s. 8d. to 3s. 4d. per 1000, dividend 10 per cent. 
Bristol, coal 8s. 6d., gas 3s. 6d. per 1000, dividend 9% per cent. 
Heywood, coal 16s., gas 4s. 84d., dividend 74 per cent. Louth, 
coal 14s. 6d., gas 5s., dividend 124 per cent. Middlesboro’, 
cannel coal 8s. 6d. per ton, gas 5s., dividend 10 per cent. Wake- 
field, coal 5s. 6d., gas 3s. 4d., dividend 10 per cent. In Scotland 
the price of coal ranges from 15s. to 20s. per ton, of gas 3s, 7$d, 
to 7s. 6d. per 1000 ft., the dividends from 74 to 10 per cent. In 
the new Irish companies the price paid for coal ranges from 
14s. 8d. to 18s. per ton, the price charged for gas from 3s. 4d. to 
6s. 3d. per 1000 cubic feet, and the dividend paid to shareholders 
from 6.to 10 per cent. In a number of instances the price of 
gas is reduced on the quantities consumed above certain figures, 
and in others for payment within a month. A consideral number 
of additional companies obtained Acts in the last session of Par- 
liament of which, of course, notice is not taken in the return. 








Gas Enares.—The president of the Lenoir Gas Engine 
Company (in New York) writes as follows to the Scient 

American: “ The Lenoir Gas Engine Company is in want of a 
cheaper, but equally effective, electric apparatus than the clumsy 
Rubmkorff coil and acid battery now used, If a ‘thimble 
battery’ will send a x as over the cable, why will it not give 
our little engines, with 20 ft. of wire, a good spark? I am pre-~ 
ared to contract to-day for one thousand suitable electric ma- 
chines for the Lenoir gas engines. Cannot some of your host of 
inventors supply them? We are indebted to the Scientific 
American for inquiries for our engines from every nook and 
corner in the United States—the result of a very modest little 





advertisement, carried upon the wings of se industry and 
enterprise —Joun B. Murray, President, New York City.” 
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WE give an illustration of a travelling steam crane constructed 
by M. Guillacq for the Paris and Lyons Railway. This crane 
— ten — [and it is ae : a wrought-iron compound 
girder supported upon two standar and carrying a pair of 
rails for the crab to roll upon. One cad of this girder ated 
a multitubular boiler, while the other end supports the engines 
and gearing for transmitting power to the different motions of 
the crane. The movements of this crane as worked by the 
steam-engine are self-acting in three directions: viz., Ist, the 
lifting action of the chain upon the load to be raised or carried ; 
2nd, the transversal movement of the crab upon the rails on the 
top of the girder, and 8rd, the horizontal travelling of the whole 
crane on rails upon the wheels which carry the main standards. 
Fach of these movements can be thrown in and out of gear 
simultaneously and independently of the other, so that the crane 
is self-acting in every respect. The main standards are made of 
oak, and rest wu cast-iron wheels fitted with steel tyres. 
They are 89 ft. 3 in. apart, to reach over three wagons standing 
side by side. The girder is formed of two double TF girders, built 
up with central webs of } in. thickness and 26 in. height. The 
two flanges are y% in. thick, 12 in. wide, and are rivetted to the 
web with angle irons of fin. thickness and 2}in. width on 
each side, These main girders are about 54 ft. in length, and 
are connected at the ends by cross girders, and the space between 
them, which is 8 ft. 3 in., is lef: free for the working of the 
chains and lifting tackle. For lateral stiffness Tf irons of 4 in. 
height, j in. thickness, and 23 in. wide are rivetted to the girders 
from the outside. Each of the two double T girders carries a 
bridge rail for the wheels of the crab to move upon. The latter 
is fitted with a bell which gives an alarm signal when the chain 
is lifted nearly to the top, or the crab has arrived nearly at the 
end of its traverse. This is effected by the lifting of a ball 
weight connected with the alarm and suspended above the chain- 
hook, carrying the load, which ball, when lifted, comes in contact 
with a a4 ped as a cup and fixed to the loose pulley-block, 
The same ball is lifted by stops attac.red laterally at each end 
of the crane. The chains are pitched ana worked over pulleys with 
suitable grooves. The engine consis‘s of a pair of vertical 
high-pressure cylinders 7} in. diameter and 7{ in. stroke. 
They work a crank shaft which carries at one end the bevel gear- 
ing for traversing the whole crane upon the rails at the floor, and 
at the other end the gearing for the traversing motion of the 
carriage ou the top of the crane and for the lifting action of the 
chain, The bevel pinion sits loose upon the engine shaft, and is 
brought into action at will by a friction clutch operated upon b 
a hand wheel. The main gearing on the other end of the shaft is 
permanently connected to the latter, and works a second shaft, 
with which either of the two movements transmitted to the 

iage can be brought into gear or out of connexion. The chain 
for lifting r- over a = pulley, and the surplus drops into 
a trough at one end of main girder as the load is moved 
upwards. The other chain for traversing the carriage horizontally 
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mires no such provision. For stopping the 
traversing motion of the carriage on the ascent of the chain, two 
breaks are provided, which are worked by the engine-man. The 
boiler is of the locomotive type, and being situated at the other 
end of the crane, the steam-pipe must be carried all the distance. 


being endless, it 


j Tite disadvantage cannot conveniently be avoided, on account 
of the necessity of equalizing the weight on the top of the crane, 
The feed-pipe also crosses the same distance, being placed at the 
side of the engine, and connected with the same, It draws the 
water from a reservoir fixed upon the side frame of the crane, 
and the exhaust steam is made use of to heat the feed water. 
With the proportion of gearing on that crane the load is «ii ted 
1} in. for each revolution of the engine-shaft, which, with 60 to 
60 revolutions of this shaft per minute, would give a lift of one 
metre per minute for a load of 10 tons. For lateral movements 
of the carriage the engine generally makes about 100 revolutions, 
and this gives a traversing motion of eight metres per minute, 
and the same speed can be obtained for the progressive motion 
of the whole crane on the rails. The total weight of this crane 
is 29.9 tons ironwork and 9.1 tons wood, or 39 tons altogether. 








THE PARIS CATTLE-MARKET. 


THE number of cattle which passed the octroi of Paris in the 
year immediately following its last extension by an Imperial 
decree, 1860, was 287,364 oxen and cows, 130,400 calves, 
1,407,815 sheep, and 217,455 pigs, making a total of 2,053,034. 
The inadequacy of the old cattle-markets and slaughter-houses 
decided the authorities to concentrate the whole meat trade of 
Paris at one spot laid out for the purpose, and provided with all 
the requirements for an increasing consumption. A commission 
appointed to examine into the whole subject finished its report 
in July, 1861, and expressed the opinion that a central cattle- 
market was desirable, but that it would be advisable to distri- 
bute the live animals to the slaughter-houses situated in the dif- 
ferent districts instead of having one slaughter-house only, and 
carrying the dead meat from this to all parts of Paris. 

This report has been printed, and the authorities proceeded to 
establish a central cattle-market connected with a central 
slaughter-house for Paris, without apparently taking much 
notice of the conclusions arrived at by the commission. The 
central market is situated at La Villette, enclosed on one side by 
the fortifications of the town and by three large streets at the 
other borders. The canal of the passes through the place, 
and divides it into two equal parts. One half of the space is to 
serve as a cattle-market, the other for the erection of the 
slaughter-houses. The whole works now in course of construc- 
tion are expected to be completed by the end of next year, and 
their estimated cost is 1,500,0002, of which 800,000. represent 
the value of the ground, 500,0002. the estimated cost of the 
buildings for the market, 650,000/. the cost of the slaughter- 





houses, and the rest the expeases for railways and roads. The 








plan is the design of M. Baltard, chief architect of the munici- 
lity of Paris, and the works are carried out from these plans 
by . Janvier, architect. 
The canal of the Ourcq, which separates the slaughter-houses 
from the market, is to form the boundary of the octroi for levy- 
ing the tax upon meat, so that the market itself will be exempt 
from that taxation. Along this canal five rows of stables are 
being constructed. The central part is eT by a stable for 


4000 to 5000 sheep, and at each side of this four stables for 
2500 heads of cattle are to ee 
The market will be formed by three large halls constructed 


entirely of iron. The central building, about 930 ft. in length 
by 280 ft. wide, covers an area which will give room for 35,000 
sheep; the other two buildings are 600 ft. in length and 280 ft. 
in width each, and give accommodation for 4000 oxen and 6000 
calves, This market, when completed, will exceed in size the 
Metropolitan Cattle Market in London. va . 

The slaughter-houses are to consist of 30 buildings, with 354 
compartments for slaughtering, 34 stables, and a great number 
of accessory buildings required for various pur; They are 
placed so as to inclose an open yard of 40 ft. width between each 
pair of slaughter-houses or stables. The pig slaughtering-house 
covers 400,000 square feet of ground. Its centre is formed by 
a circular building 100 ft. in diameter. It affords accommodation 
for the slaughtering of 700 to 1000 pigs daily. The water 
supply and sewerage of the place are being provided for on a 
very lee scale, suitable to an establishment which is to give 
accommodation for the slaughtering and dressing of 6000 to 
7000 animals per day. 








Royau PorruGuese Ramway.—There are now 29 pas- 
senger and 25 goods locomotives running on this system. Al- 
though the position of the undertaking is far from being so 
satisfactory as could be desired, the traffic receipts made some 
progress last year as compared with 1864; and better results 
no keped for now that the complete opening of the Ciudad 
Real and Badajoz Railway has established unbroken railway 
communication between the south of ig and mid- Spain. . 

Manixe glue was patented by Mr. Jeffery in, 1842. It is 
formed by dissolving 1 Ib. of caoutchouc in small pieces in four 
gallons of coal naphtha, with frequent stirring; the solution 
occupying ten or twelve days. Two parts shellac are then — 
in an iron vessel, and one part of the solution being well st 3 
in, the glue is poured out on slabs to cool. A joint made wi 
this glue between two pieces of wood becomes stronger than the 

of the wood itself. . 
we POWERFUL human voice, in still air, with no objects near to 
reflect the sound, can be heard at a distance of only 460 Ay 
Heavy cannonading has been heard at a distance of peome | miles. 

Tue best cement for uniting surfaces of leather = er is + 
strong solution of isinglass. A cement composed 0 dissolv 
india-rubber and lac varnish is also very adhesive. 
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THE SERVICE WEDGE GUN. 


THERE is only one calibre of gun that has this wedge 
system of breech-loading—the 64-pounder—and it has of late 
been the heaviest breech-loading gun manufactured at Wool- 
wich. It is not the heaviest in the service, the 7 in. gun or 
110-pounder being the heaviest; but the manufacture of the 
latter has for several years been suspended, as it was shown to 
be useless against armour plates. 

The first thing noticeable in our wedge system is the small 
size of the wedge itself. 

In Krupp’s system the wedge goes, when closed, nearly across 
the full width of the gun; and when opened, a large part is 
cEpeeed beyond the side of the piece. This is the more objection- 
able on account of this being a most important part, as it 
contains the ring forming the gas-tight valve, which is thus 
partially capeonts while a slight injury to it would, in action, 
cause considerable delay. The handle of the tightening screw, 
being in an exposed situation, is also objectionable, and the 
_— protection of the trunnions which applies to the wedge 
fails regarding the handle. 
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In our system, as will be seen from the engraving, the wedge 
is almost entirely under cover of the metal of the gun itself. 
When the breech is closed, no part whatever is exposed. 

The method of loading is as follows: 

Supposing as to be in the position shown, the charge 
is introduced from behind. The thin end of the wedge is hol- 
lowed out, and advances above and below the bore, just beyond 
the axis of the gun, so as to guide and support the shot on its 


way. 

The stopper (S) is then run home, the pin at the end upon 
which it turns sliding in an inclined groove, so that when the 
cup on its face is opposite the bore a slight turn brings it into its 

lace. The necessity of this inclined groove is evident, on 
account of the cup having to clear the edge of the bore when it 
is pulled out. This cup forms the gas-tight valve. It is only 
screwed on to the stopper, and can easily be removed, and re- 
placed by a new one in case of injury. ' 

After the stopper has been run home, the wedge (W) is 
moved up and secures it in its place. It is forced tight by 
means of the hammer (H), which also forms the handle to move 
it by. H consists of two upright handles, shown in section, 
connected above and below by flat bars which slide in grooves 
above and below the wedge. Irrespective of its movement with 
W, it has a play of about 3in. backwards and forwards, which 

ives it the hammering action required for driving the wedge 

ome. 

The two dotted rectangles, a a, shown one in the centre of the 
bore and the other in the wedge, are the two positions of a depres- 
sion of that shape on the top of the wedge. When ready for 
firing, the depression, which is then in the centre of the piece, is 
exactly under a slot of the same shape cut right through from 
the top of the gun. In this slot there slides a steel pin, which 
is then dropped down into its place, securing the wedge from 
Moving during the discharge. ‘Ihe same motion removes a brass 
shield which previously covered the vent. The friction tube 
can then be introduced and the piece fired. 

This last contrivance constitutes one of the peculiar features 
of this system. The movement of the steel pin and shield being 
simultaneous, the raising of the pin again covers the vent, which 
cannot be uncovered till the mee is safe home, and the parts 
in the position for discharge. 

_ This invention had for its object the prevention of premature 
firing, which was the cause of failure once or twice in the old 
Armstrong system of the moveable vent. 

All the working parts are made with a large amount of play to 
prevent jamming in case of dirt, &c., getting in, and it may 
mentioned that no inconvenience has been known from that 
cause, 

This system is considered the strongest and, iganey 
tofurnish the quickest method of breech loading for 
smallest guns, 


officers, 
but the 








Tr has been observed, in many cases of gunpowder explosions, 
that windows in the neighbourhood were blown outwards, or 
towards the seat of the explosion. This circumstance is due to 
the rarification of the atmosphere produced by the ascent of the 

gaged gases, 





SHIPBUILDING ON THE CLYDE FOR 
LIVERPOOL. 


Aurnovucn the building establishments on the 
Clyde have, in common with all similar establishments 
throughout the kingdom, been suffering from great 
stagnation of trade, there does not appear to be any 
diminution of the orders for iron ships generally re- 
ceived from Liverpool. During the month of October 
last, six vessels were launched from the building-yards 
of Glasgow and Renfew, for Liverpool ship-owners ; 
viz., the ship Bruce, 1200 tons, intended ‘for the East 
India trade, for Messrs. W. and R. Wright, by Messrs. 
Aitkin and Mansell, at Whiteinch ; the ship Britomart, 
600 tons, for Mr. Henry Bowring, by Messrs. John 
Reid and Co., of Port Glasgow; the barque River 
Avon, 540 tons, for Messrs. Hargrave, Ferguson and 
Co., by Messrs. Kilpatrick, McIntyre and Co., of Port 
Glasgow; the screw steamer Alvarado, 722 tons and 
80 horse power, intended for the London and Spanish 
trade, for Messrs. McAndrew and Co., by Messrs. 
Randolph, Elder and Co., of Govan; a twin-screw 
steamer of 320 tons and 60-horse power, for the coast- 
ing trade, for Mr. P. L. Henderson, by Messrs. 
Henderson, Coulbourne and Co., Renfrew ; and a twin- 
screw steamer, to be used as a tug, has also been built 
for Mr. Henderson by the same builders. 

But the most important vessels in hand by the 
Clyde builders are five large steam-ships for the Cana- 
dian and North American mail service. The Nestorian 
has been built under special contract by Messrs. Bar- 
clay, Curle and Co., for the Montreal Ocean Steamship 
Company—the Allan line—and will be placed on the 
station between Liverpool and Portland about the be- 
ginning of the new year. She isa beautifully modelled 
ship, and is more strongly built than any of the other 
vessels of the company. Her dimensions are, length 
between perpendiculars 306 ft., width of beam 38 ft., 
depth of hold 26 ft., gross tonnage 2500. She is pro- 
pelled by two direct-acting engines of 450 horse power 
nominal, but capable of working up to 2000. The 
Nestorian is divided into seven water-tight compart- 
ments by six strong iron bulkheads, five of the bulk- 
heads running up to the spar deck. The saloon is 
furnished in a style of unusual magnificence, and the 
state-rooms are large, well ventilated, and well lighted. 
They afford accommodation for 80 cabin passengers. 
The Austrian, a steamer of large dimensions, is also 
being built for the same company. 

The City of Antwerp has been built by Messrs. Tod 
and Macgregor, for the Inman Company. Her dimen- 
sions are as follows: length of keel and fore-rake 
322 ft.; breadth of beam 39 ft.; depth of hold 27 ft. 
6 in. ; tonnage 2400, old measurement. Her propeller 
will be worked by a pair of direct-acting, horizontal 
trunk engines, with surface condensers and other 
appliances for economising fuel. The engines are of 
450 horse power indicated, but are capable . 
working up to 2000. In appearance the City of Ant- 
werp is a very handsome vessel, her hull being similar 
to that of the other vessels comprising the Inman 
fleet. 

The Russia is being built for {the Cunard mail ser- 
vice, by Messrs. J. and G. Thomson, of Glasgow, and 
when completed she will be one of the largest screw 
steamers in existence, with the exception ot the Great 
Eastern. Her length will be 370ft. (being 4ft. 
longer than the celebrated mail ship Scotia; her 
moulded breadth will be 43 ft.; her depth of hold, 
29 ft.; and her gross measurement tonnage, 3100 tons. 
Her propeller will be worked by a pair of direct-acting 
engines of — om being capable of working up to 
nearly 3000. Messrs. J. and G. Thomson intend the 
Russia to be the finest ship in the whole Cunard fleet, 
both as regards strength and swiftness. The utmost 
care is being bestowed upon the constuction of her 
engines, and it is thought that she may complete the 
average passage between Queenstown and New York 
in eight days. She will not be launched for a few 
months yet, but it is expected she will be ready to be 
placed on; the station about June. The Sumatra 
will shortly be in hands for the fleet of Messrs. Burns 
and Maclver, and will sail as one of the Cunard extra 
steamers. 

In addition to the above-named vessels, the Clyde 
builders are engaged in building several large steamers 
for foreign companies, among which may be men- 
tioned the Union, a large screw of nearly 3000 tons, 
for the North German Lloyd’s Company, and which is 
intended to ply between Bremen and New York; a 
twin screw of 500 tons, and 80 horse power, for the 
Companie Uraguay; and a screw of 1230 tons, for 
the British India Steam Navigation Company, to be 
employed in the Indian mail serviee. : 

ith the revival of trade generally, and especially 
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the termination of strikes, for a time at least, the 
Clyde builders are certain to receive orders, 
both from Liverpool and other ports at home and 


abroad, and the year 1867 may possibly turn out one 
of unusual prosperity in the iron ship-building trade... 








LIVERPOOL RAILWAY SCHEME. 


For many successive sessions, plans have been depo- 
sited and applications made to Parliament for power to 
connect the various lines of railway which at present 
have their terminal stations in Birkenhead and Liver- 
pool, either by tunnels beneath the bed of the Mersey 
or by bridges above its surface. Year after year the 
question has been brought’ forward, but every scheme 
has been defeated by opposing interests, and this 
session only one Bill will be laid before the coming 
Parliament, which applies for powers to construct a 
Liverpool Railway. Under the title of the Mersey 
Railway Extension, Sir Charles Fox has deposited 
plans, which form the sequel to a scheme for which he 
obtained the sanction of Parliament last session. 
Whilst other engineers were striving to get powers to 
construct a railway crossing the Mersey at a point 
where the best gradients could be obtained, and 
the most suitable spot secured, either for a tun- 
nel or a bridge, Sir Charles Fox brought forward 
a Bill called the Mersey Railway, which consisted of an 
entirely independent line, commencing on the. Liver- 
pool bank of the river, and ending in the Birkenhead 
shore, between St. George’s Dock and Woodside 
Ferry. There was no opposing railway interest ; for 
the scheme interfered with no one but the land-owners, 
on whose property the station would be erected. The 
railway was to be worked on the pneumatic system, 
and has to form a more convenient means of crossing 
the river than the ferries could afford. Meeting with 
no opposition, the merits of the scheme were con- 


sidered great, and it received the Parliamentary sanc- 
tion. The plans deposited this year by Sir Charles 
Fox show several short lines effecting junction by 


means of the Pneumatic Mersey Railway with the 
new authorised Liverpool ntral Station, the 
Birkenhead Joint way, and the Hoylake 
Railway; in fact, it purposes to effect what 
has been tried for so many years—the connexion of 
the Liverpool and Birkenhead railway traffic. It 
would be difficult to imagine that such a scheme, had 
it been presented complete, would pass committee 
when so many others, with greater advantages and 
fewer practical drawbacks, have been thrown out. 
But Sir Charles Fox overcame the great difficulty last 
year by obtaining permission to construct his tunnel, 
and, if he can successfully contest the great opposition 
he will meet this session, he may be congratulated on 
having developed his scheme gradually. That he will 
meet with strenuous opposition there can be no doubt, 
and probably whatever objections can be brought for- 

ard will be urged with all the greater vigour from the 
fact that he was so successful with his former scheme. 
Doubtless Sir Charles Fox will, if his present bill be 
passed, apply next session for additional power to con- 
struct a tunnel beneath the Mersey suitable for ordi- 
nary railway service, in the | wary of the one already 
projected ; for, unless this is done, it is difficuit to un- 
derstand how he proposes to accommodate the heavy 
mineral and other traffic which will come upon his 
age of connecting railways. This, together with 
the serious obstacle that would arise from the exchange 
of a constant traffic from steam to pneumatic motive 
power, would render an alteration of his original idea 
almost imperative before anything like perfect accom- 
modation could be secured. All these questions will, 
doubtless, be fully gone into before committee, and we 
shall look forward with interest to the opposition 
made by rival promoters, who may consider themselves 
forestalled by Sir Charles Fox’s Pneumatic Mersey 
Railway. 








A Liprary of 63,360 volumes, averaging 1 in. in thickness 
each, would occupy one mile of shelf. Twelve miles of shelf 
are occupied by the books in the library of the British Museum. 

SuLPHuRoUvS acid, although extremely volatile, will not eva- 
porate in a platina crucible previously heated red-hot. If, how- 
ever, a few of water are thrown in, the mixture is brought 
into intimate contact with the sides of the vessel, and such is the 
energy of the evaporation of the acid, and its absorption of all the 
heat of the water, that the latter will be not only left behind, but 
perfectly frozen in the red-hot crucible, from which it may be 
thrown out as a button of ice. 

_ Tue gallic acid contained in oak-wood is a powerful solvent of 

iron. blocks may be boiled, where that treatment is 

necessary, in an open wooden trough nearly filled with water, 

— supplied with steam through a steam-pipe leading from a 
er. 

Tue expansive rifle bullet now used in her Majesty's service 
was invented in 1836 by Mr. William Greener, of Birmingham, 
to whom an award of 1000/. was made by Government in 1856, 
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INSTITUTION OF CIVIL ENGINEERS. 
November 27, 1866. 
Cuarves Hurron Grecory, Esq., Vice-President, 
in the Chair. 
Tue first paper read was “ On the Smelting of mpnaieey 
Copper Ores with be Ay Fuel, in Australia,” by Mr, J. L. 


— Assoc. Inst. C.E. 
The Ophir Copper Mining Company, being compelled to smelt 
at their mines the ores of low percentage, which were very 
silicious, containing little iron or other matter favourable to the 
formation of a fluid slag, erected a melting furnace, the chief 
liarities of which were the materials used in its construction. 
hus, in place of ordinary fire-bricks, quartz—refractory as far 
as fire was concerned, and not less so when any attempt was 
made to shape it for the bricklayer—mined as best it could be, 
was put into an old furnace, kept red-hot for forty-eight hours, 
and then raked into “ boshes” of cold water. It was now easily 
pounded into small particles, so that when mixed with a pro- 
jon of clay wash, it could be moulded into a brick. For the 
alse and working bottoms, a sandstone belonging to the Silurian 
system was used, which was discovered to be capable of with- 
standing a white heat, and when quarried was easily dressed. 
The area of the grate was made equal to that of the ordinary 
Swansea melting furnace, and the body of the furnace consider- 
ably smaller—precautions that proved to be unnecessary, for a 
more intense heat was obtained from the combustion of wood 
than would have been from first-class coal. It was observed, 
however, that the cold air had a tendency to form pipes, or pas- 
sages, between the ends of the logs and the sides of the fire- 
chamber, which greatly diminished, and occasionally almost 
neutralised, the heat produced from the legitimate comiuation of 
the fuel. To obviate this, dead plates, or shelves of cast iron, 
were placed round the fire-chamber, at the level of the fire-bars, 
and projecting fully six inches into the area. The ore, although 
now subjected to a greatly increased heat, still continued 
intractable. Limestone was added, with partial success; but it 
was not until iron—a deposit of which was subsequently found 
at the back of a copper-lode—was added, in proper proportions 
to the charge, that a fluid slag was produced, from which the 
copper readily separated itself. 

t was stated that the quartz bricks answered admirably ; but 
that the sides at the bridge were considerably worn. This was 
accounted for from the diminished area of the passage through 
which the flame of the grate reached the body of the furnace. 
For example, a volume of flame or gas rose from a grate, say 16 
superficial feet area, was made to pass through an opening of 
less than 6 feet area, and then to expand at the middle of the 
body of the furnace to nearly 15 feet area. Though the author 
believed this practice to be universal in reverberatory furnaces, 
he considered that it must be wrong. 

The second paper read was on “ Light Railways in Norway, 
India, and Queensland,” by Mr. C. D, Fox, M. Inst. C.E. 

By the term “ Light Railway,” the author states that he had 
in view such as, either being branches from existing trunk lines, 
or being intended for districts requiring the development of 
their traffic, might be constructed in a substantial manner, but 
with every part only of sufficient strength to carry loads repre- 
sented by the rule, that no pair of wheels should have to boar 
more than 6 tons. This would enable these lines to take the 
rolling stock of all other railways of similar gauge, with the ex- 
ception of the locomotives, 

he railway = of Norway was, it appeared, being con- 
structed on the light principle, with a gauge of 3 feet 6 inches, 
under the direction ot M. Carl Pibl, the State engineer. Two 
lines had already been completed; the one, from Grundsett to 
Hamar, a distance of 24 English miles, at a cost of 80002 per 
mile, including rolling stock and stations; and the other, from 
Trondhjem to Storen, a distance of 30 English miles, at a cost 
of 6000/. per mile, including also rolling stock and stations; 
but in the latter case the country was more difficult, the works 
generally were heavy, so that steep gradients and sharp curves 
were unavoidable. The details were given of the locomotive 
and carriage stock; and it was observed, that these lines, which 
ran through thinly-populated districts, already more than paid 
their expenses, and that the results of their working had been 
so satisfactory that this system was being extended. 

In India, a line from the Arconum junction of the Madras 
railway to the town of Conjeveram, 19 miles in length, and on 
the same gauge of 3 feet 6 inches, had been at work for eighteen 
months. This had been constructed for 3500/. per mile, includ- 
ing telegraph, stations, and rolling stock; and although the 
traffic did not require a greater working speed than from 12 
to 15 miles per hour, the trains had at times been run, with 
perfect safety, at upwards of 40 miles per hour, including 
stoppages. ; 

For the Government railways of the colony of Queensland it 
was decided, after much discussion, to adopt a gauge of 3 feet 
6 inches, Of the Southern and Western Railway 50 miles had 
already been opened, while 124 miles were in course of construc- 
tion, and 200 miles under survey. The little Liverpool range on 
this line was 3 miles in length, had ruling gradients of 1 in 50, 
and curves of 6 chains radius. The main range was 15 miles 
in length, had ruling gradients of 1 in 45, and frequent curves 
of 5 chains radius. One of the chief works was the bridge over 
the Bremer, close to the Ipswich terminus, for carrying a single 
line of narrow-gauge railway and a public road 25 feet wide. It 
had a width of 37 feet between the parapets, and consisted of 
three ne of 150 feet each. ‘The superstructure was com- 
posed of lattice girders 12 feet dee}, the top flange being of cast 
iron in a tubular form, and the bottom flange Howard and 
Ravenbill’s rolled links; the total weight was only 12 cwt. per 
lineal foot of the bridge. The stations and passenger rolling 
stock were then described. It was stated that three classes of 
locomotives were used; tender engines, weighing 15 tons in 
working order, upon six wheels, four of which were driven, 
which were employed on the easiest portions of the line; a 
similar kind, but weighing 20 tons in working order, upon eight 
wheels, six of which were driven, for the little Liverpool incline ; 
and the third, on Fairlie’s principle, for use on the main incline, 
had two bogie frames, each supported upon six wheels, and con- 
nected with the boiler, which had a smokebox at each end, by 
central pins, and with a central firebox by slotted quadrants 


having studs working in them at each end of the firebox. 
There were thus twelve wheels, ali of which were drivers, but 
the central pair in each group was without flanges. The weight 
of the engine in working order would be 30 tons, and it was 
calculated that it would take 120 tons of gross load, at a speed 
of 15 miles an hour, up an incline 15 miles in length, having 
ruling gradients of 1 in 40, and frequent curves of 5 chains 
radius. The cost of each engine free on board in England was 
25002 In designing these several classes of locomotives, care 
had been taken to keep down the weights, to provide ample 
heating surface, and fuel, and water space; to have fireboxes 
to burn fuel, consisting of two-thirds of wood and one-third of 
coal; to supply great brake power, and to shelter the driver 
from the heat. To enable the engines to pass round curves of 
sharp radii, and for obtaining elasticity between the rail and the 
wheel, the rigid wheel base in no case exceeded 7 feet 2 inches, 
and all the engines were fitted with the best springs, and with 
Adams’s spring tyres, the tyres being cylindrical and not coned. 
Some account was then given of the character of the permanent 
way, and it was stated that these lines might be constructed 
under difficult circumstances for between 11,000/. and 12,0000. 
a mile, and under ordinary circumstances for 60007. a mile, in- 
cluding stock and appliances of all kinds. 

The Great Northern Railway of Queensland was then noticed ; 
and in conclusion the author repeated that, in his opinion, the 
basis of the Light Railway system was—the reducing of the 
weight upon every, even an engine, wheel in the train to 3 tons, 
the limitation of the speed to 25 miles an hour, and the adapta- 
tion of every detail to this data. The importance of this system 
would, he believed, before long be found to have much infiuence 
upon railway construction for branch lines, both in this and 
other couutries, especially where the traffic was limited, and 
where high speeds were not demanded. 








RANSOME’S ARTIFICIAL STONE. 


Tue now ascertained success of Mr. Ransome’s invention, 
which for scientific beauty as well as substantial importance 
rivals the Bessemer process itself, induces us to place before the 
= a complete history of its rise and growth, as well for 

uture reference as for present interest. 

Our object in extracting from and epitomising the multitude 
of leading articles, professors’ reports, architects’, engineers’, 
builders’, and contractors’ certificates, and the numerous other 
documents before us, is less to indulge in laudation of the in- 
ventor than to give a succinct and intelligible narrative of the 
history of his invention and the ultimate result of his labours, 
and to communicate an idea of the rationale of his successive 
manipulative experiments and processes. The details of the in- 
ventor’s labours, and his untiring perseverance in their prosecu- 
tion, would yield materials for an interesting chapter in the 
“History of Inventions.”* We forbear from amplifying upon 
this theme further than may be necessary in an epitomised sketch 
of the various stages through which the original idea, or rather 
inchoate desire, of the inventor passed to maturity. Following 
on, we shall attempt a brief description of the manner in which 
the processes of the manufacture are now conducted in the 
spacious works recently erected at East Greenwich. 

Mr. Ransome’s attention was directed to the subject of arti- 
ficial stone in 1844, whilst associated with his relatives at the 
well-known ironworks at Ipswich. At that time the firm were 
manufacturing flour-mills tor the colonies. Overlooking a work- 
man renewing the worn-out ridges on a burr-stone, Mr. Ran- 
some was struck by the apparent absurdity of having to chip 
away not only the soft parts of the stone, but also the hard sili- 
ceous prominences which constituted the most efficient portion 
of the surface. It occurred to him that if he could procure a 
stone of uniform grit it would wear down equally, and this 
odjectionable system of levelling the whole to the depth of the 
softer and most worn parts would be obviated. Unfortunately, 
however, most natural stones are of an unequal texture, even 
within the limits of the pieces employed in the construction of 
millstones, Gathering up a handful of the chips struck off by 
the tool of the workman, and pressing them together, the idea 
flashed across his mind, that if he could discover a means of 
firmly cementing those particles together, he would be able to 
produce a stone of uniform hardness throughout. The most 
convenient material for this purpose that first suggested itself 
was plaster of Paris. This idea was put in execution; and, 
although the results at first offered some prospects of success, 
subsequent experience showed the fallaciousness of the hopes he 
had entertained. But from the first moment that the scheme of 
cementing together the loose and disintegrated fragments of the 
millstone entered his mind, he comprehended by anticipation the 
grand results, which, after many years of assiduous application, 
he has succeeded in carrying to a triumphant conclusion. 

The process by which a mass of loose dry sand can now be 
converted into a material harder and more enduring than most 
natural stones with which we are acquainted is so extremely 
simple, that after it has once been seen people begin to wonder 
that the thing was not found out long ago. When Mr. Ransome, 
now upwards of twenty years since, stood with the broken chips 
in his hand, it certainly did require strong faith to foresee the 
possibility of what now appears so easy, and to determine upon 
a continued pursuit of an object then so dim and distant. At 
that time Mr. Ransome was only acquainted with the elem entary 
facts in chemical science and mineralogy, and had but a slight 
knowledge of the various cements employed in construction and 
in fictile manufactures. For such a man to embark in such a 
wild speculation seemed foolhardy. Most people thought him 
little less than insane, and shook their heads with ominous sig- 
nificance at the idea of attempting what in their estimation was 
scarcely less absurd than endeavouring to make a rope of sand. 
Nowise daunted, however, Mr. Ransome set to work to “ try.” 
His first efforts at obtaining artificial stone by cementing loose 
fragments with plaster of Basis having fuiled, he tried in suc- 





* “We have no hesitation in declaring that a record of the zeal, 
energy, and unquenchable perseverance evinced by Mr. Frederick 
Ransome, in surmounting the first dim glimpse of his projected 
process of fabricating artificial stone, and its ultimate realisation, 
may be in its way quite as romantic, and the results as important, 
as those which crowned the efforts of the enthusiastic Frenchman 





(M. Palissy).”—Zngineer, Dec. 5th, 1856. 


cession every known material which could act as a cement— 
shellac, glue, isinglass, lime mixed with bullocks’ blood, mastic, 
&c.—until he had made himself master of a greater amount of 
practical information concerning the nature of these materials 
than falls to the lot of most regularly trained and educated 
chemists. The information so acquired was of a character that 
can scarcely be called either chemical or mechanical. It was 
— a knowledge of the properties of those materials in their 
varied conditions. Had he been either a theoretical or practical 
chemist = the sense usually understood by those phrases), it is 
improbable that he would have undertaken the work he had in 
hand. But his chemical ignorance of routine was probably the 
principal cause of his success. 

Although his first attempts had failed, or given only faint 
indications of success, he was so confident of ultimate results, 
that he — to take out a patent for a process of making 
artificial stone—trusting that in the six months which then 
intervened between the sealing of the patent and the enrolment 
of the specification, he should be able before the time came to 
accomplish the end he had in view. In the mean while, he 
wrought night and day in experimenting, and in seeking informa- 
tion from every possible source. 

Mr. Ransome next attempted to cement his loose sand by 
mixing with it pulverised glass, subjecting the mixture first to 
hydraulic pressure in iron moulds, and then fusing the glass, 
and consequently cementing the particles together by exposure 
to the heat of a furnace. This plan, although an important 
step in the right direction, aiso failed. The stone when under 
the high temperature of the kiln either broke up or ran into 
vitrified masses. The preparation and application of liquid 
glass was now suggested as the grand desideratum. At this 
stage of the history there was only a margin of about three 
weeks left within which the specification for the patent lad to 
be lodged, and the inventor seemed almost as far off as ever from 
being able to se this important document. 

It was at that time well known to chemists that it was possi- 
ble to obtain a glass soluble in water—called the silicate of 
potash, or soda, and Mr. Ransome’s attention was soon directed 
to the properties of this material as likely to furnish the cement 
he had been so ardently seeking after. 

“ Flint, although apparently a most inert substance, is, in its 
chemical constitution, as much an acid as sulphuric acid is. In 
the one case we have one atom of silicia combined with three 
atoms of oxygen, and the other, also; one atom of the base— 
sulphur—combined with the same number of atoms of oxygen. 
Using the ordinary chemical symbols, flint is Si O*; sulphuric 
acid, S 03. Now, it is found that just as sulphuric acid com- 
bines with potash or soda to form a salt, so does silicic acid 
combine with either of these alkalies. The difference between 
the reactions is, that in the case of sulphuric acid the affinity for 
the alkalies is more energetic, and the union takes places more 
rapidly and at a lower temperature. We find it necessary to 
state these elementary facts as plainly as possible, to render the 
subsequent details of the process more intelligible. There are 
two methods of combining potash or soda with flint. The first, 
called the dry process, is to take a quantity of fine sand, which 
is nearly pure silex, and to mix it in a crucible wita an excess 
of the alkali, and then to bring the whole mass to a high tem- 
perature, when a combination readily takes place, If the 
quantity of alkali used is just sufficient to saturate the silicic 
acid, that is, if there is only one particle of the alkali to one 
particle of the acid, as represented in the formula K O, Si 0; 
the glass so formed is less soluble in water than when there is 
an excess of alkali, as in the formula 3K O, SiO*. This process 
is necessarily an expensive one, for two reasons—the large 
quantity of alkali which is jrequired, and the high temperature 
rendered necessary to effect the combination. 

“ The other, or moist process, although not liable to the last 
objection, is nevertheless more open to the first. In the moist 
process calcined flints were ground to a fine powder, and then 
mingled with a large excess of alkali, either potash or soda, and 
this mixture boiled for a considerable length of time, when a 
thin, rather sweetish fluid formed, which was a solution of 
silicate of soda, when that alkali was used. As already stated, 
the disadvantages attending this process are the large excess of 
alkali which it requires, the tediousness of the operation, thin- 
ness of the solution, and lastly, the expense of calcining and 
pulverizing the flints. 

“ Having made himself acquainted with these chemical facts, 
the reader will now be able to follow and understand the process 
of making artificial stone. We ought to mention that at the 
time when Mr. Ransome took out his first patent, both these 
soluble silicates had been employed for various purposes in the 
arts. A solution of the silicate obtained by the moist process 
had been employed in soap making, in which the highly caustic 
nature of the alkali contained in it was peculiarly available, 
while the silica gave a firm transparent body to the soap. A 
solution of the fused silicate had also been used as a paint for 
rendering paper-hangings and other like materials incombustible; 
the application, however, was a rather unsightly one from the 
deliquesence of the free alkali. It had also been used to mix 
with plaster of Paris, but without any desirable results. 

“Could Mr. Ransome now have obtained a cheap solution of 
this silicate sufficiently pasty to mix up with his detritus of 
millstones, and then render it insoluble, he would have obtained 
all he wished. One night while lying in bed and racking his 
brains for a means of getting out of the dilemma of having a 
patent to specify within a few weeks, and of which he had not 
the slightest idea beyond the general one, that disintegrated 
stones could made up into whole ones, it suddenly occ 
to him, that if he took flint stones with a moderate amount of 
caustic alkali in solution, and subjected them to heat in a 
Papin’s digester under high pressure, he might be able to con- 
coct a soup from flints, as the latter had done from bones. To 
jemp out of bed and get hold of an old steam boiler which had 

longed to a model steam-engine, to fill the boiler with flints 
and a handful of caustic soda and water, was the work of a 
few minutes. There he sat until nearly cock-erow, blowing 
the fire and hoping for the much-desired flint-soup. After 
urging the fire for several hours, and drawing off from time 
to time portions of the water through a stop-cock, looking at it, 
tasting it, and feeling it, he began to get desperate. The water 





remained as thin and limpid as the flintiest soupe maigre ascetic 
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ever dreamt of. It was clear that unless, like the cunning 
pedlar, he put a piece of pork into the pot beside the flints, there 
would be no soup worth speaking of. Thinking that probably 
the heat was not strong enough, he tied down the safety valve 
with a piece of wire, and blew the fire until the boiler began to 
get red hot. Just as day was breaking, he got up utterly dis- 

sted and worn out. Fearing that the boiler would burst, he 
took it up and threw it into a cistern of cold water. As might 
have been anticipated, the boiler was broken to pieces. With a 
sort of grim satisfaction at having ‘squelched’ the boiler, he 
was proceeding to wash his hands before going to bed, when he 
observed that the fragments of the boiler looked like split pieces 
of a cocoanut, with the white waxy kernel adhering to the 
sides. There was also a glazy syrupy mass of stuff lying at the 
bottom of the cistern. ‘The reason of the milk found in the 
cocoanut’ was soon explained. In attempting to remove the 
white pulpy mass from the sides of the boiler, he found that the 

rt of it in contact with the iron was so hard that it struck fire 
with the chisel which he was using for that purpose. One can 
easily imagine what an agreeable revulsion of feeling the ex- 
hausted experimentalist underwent when he found he had 
arrived at the long-desired haven of his aspirations. He now 
found that not only was it possible to reduce flints to a thick 

sty consistency like glue, which he could use as a cement to 
Find his stony material together, but also that he could reinte- 
grate the particles of silex so dissolved in combination with the 
alkali to their pristine condition of hardness.” — Engineer, 
December 5, 1856. 

At this point, then, in the production of a thick viscid sub- 
stance formed of silicic acid and soda, a cementing agent was 
found for agglutinating the loose sand, detritus, or other material 
with which it was the inventor’s intention to fabricate artificial 
stone. He did not appear at first, however, to apprehend the 
full significance of the fact that this same pasty material could, 
by the application of a higher temperature, be again rendered 
nearly as hard as the original flint. In the specification of the 
first patent, dated April, 1845, Mr. Ransome merely claims as 
his invention the use of a soluble silicate of soda as the means of 
cementing pulverised stone, sand, &c., subjecting the artificial 
stone so prepared to mechanical pressure im moulds, and the 
subsequent desiccation of the mass by heating it in an oven to a 
temperature only slightly above that of boiling water. 

In attempting to carry out the process as patented, two for- 
midable difficulties presented themselves. (1.) That of drying 
the stone equally, inasmuch as the surface drying first became 
a hard coating, which had to crack or break ere the moisture 
could escape from within, thus seriously _—— or destroying 
the article. And (2) that the material so dried was still 
capable of being dissolved in water, and reverting to its former 

ty consistence, by again absorbing as much moisture as had 
nevaporated. The first difficulty was, after much thought and 
numerous experiments, surmounted by the expedient of drying 
the stones in a closed chamber, surrounded by a steam jacket. 
A jet of steam was let into the chamber, and, in effect, the stones 
were stewed until all the moisture in them had been converted 
into vapour, which was then gradually drawn off, by which 
process of desiccation all risk of cracking or warping was com- 
pletely obviated. The second difficulty referred to—the liability 
of the stone after it had thus been dried and hardened, to be 
acted upon by water—was in turn overcome. pera, A the 
phenomena presented by the contents of the improvised digester 
in which Mr. Ransome made his first experiments in dissolving 
flints, it occurred to him that the indurated portion of the 
contents of the vessel which had been subjected to a red heat, 
and which adhered to the side of the boiler, must necessarily be 
in a different condition as regarded the proportion of its elements 
from the softer contents of the vessel. On attempting to dis- 
solve the hard material in water, he found it almost insoluble. 
He concluded that it contained a larger proportion of silica 
which had been taken up while the vessel was exposed to the 
red heat, and concluded that if he could bring his soluble silicate 
to this condition, the mass of artificial stone in which it was 
used as a cement would be nearly as hard as flint, and as im- 
pervious to moisture. In mixing together the soluble silicate 
and the loose sand, a quantity of pulverised flint was added, 
flicient, when combined with the free alkali contained in the 
cement, to form an insoluble compound when the combination 
was effected by a strong heat. ‘The soda of the cement com- 
bined, in the kiln, with the flint and the sand, which formed 
the body of the stone, the whole mass becoming a semi-vitreous 
compound of pure silex, and an insoluble silicate of soda. This 
po was a great improvement upon any of the ss 
processes, but the kiln-burning was a costly operation, an 
although very high testimony was borne to the value of the in- 
vention, the artificial stone thus produced was not yet all that 
could be desired. In 1848 Mr. Ransome read a paper before the 
Institution of Civil Engineers on his invention for the manufac- 
ture of artificial stone, for which the Telford medal of that 
society was awarded him. : 
It will be remembered that about 1852 very general and, it 
may be added, painful interest was excited by the discovery that 
the Legislative Palace at Westminster had begun to fall into 
decay, even before the building bad been completed. It may 
naturally be supposed that the nature of the special pursuits to 
which Mr. Ransome had devoted so many of the best years of 
his life invested this subject with peculiar interest to him, and 
that he was one of the few practical men likely to be stimulated 
to action in the matter with a fair hope that he would succeed 
in arresting the decay which had already, unhappily, made so 
much progress upon the grand facades of that stately structure, 
All the schemes that had been proposed up to that time for 
preserving stone from decay had, in one combination or another, 
as an essential feature, the application of resinous, oleaginous, 
or other organic substances, which are readily acted upon by 
atmospheric influences. It occurred to Mr. Ransome that the 
solution of flint, or soluble silicate, which he had been using in 
the manufacture of artificial stone, would constitute the best and 
most permanent preservative if absorbed in a sufficient degree 
by the friable stones already, or which threatened to become, the 
subjects of decay. He had not proceeded far in the application 
of soluble silicates to this purpose before he found that, mer g 
the theory with which be started was alike pretty and plausible, 
in practice the results were imperfect, inasmuch as the substance 








applied as a preservative being in itself soluble, the ordinary 
humidity of the atmosphere, apart even from the more powerful 
action of showers of rain, would, at least, partially dissolve and 
wash it away. Mr. Ransome’s numerous experiments at this 
 maptees about 1856, were directed to the discovery of means 
or converting the soluble into an insoluble silicate, so as to 
render the effect perfectly independent of extraneous action and 
conditions. It occurred to him that if a compound silicate of 
lime—the substance which has given such enduring properties 
to the old mortars of the ancients, which have remained un- 
changed for thousands of years — could be formed in the 
structure of the stone, that agent would not only possess the 
property of perfect insolubility, but it would also most effectually 
envelope’ and bind firmly together, by an indissoluble bond, the 
several particles of which the stone is composed. After numerous 
experiments, designed to reduce this principle to practice, he 
found that the application of a solution of chloride of calcium 
(or lime dissolved in muriatic acid) formed, almost instanta- 
neonsly, with the silicate of soda previously used, by double 
decomposition, an insoluble silicate of lime, and a soluble salt of 
chloride of sodium, or common salt, which latter substance is 
easily removed by subsequent washing. For this process Mr. 
Ransome obtained a patent on the 27th September, 1856, and 
immediately submitted his invention to the eminent architect of 
the Palace of Westminster—the late Sir Charles Barry—under 
whose directions he applied his process to a small portion of the 
river front of the palace. ‘Time rolled on, and although the 
most satisfactory evidence could be produced of the successful 
application of Mr. Ransome’s process to various important build- 
ings, including the custom-house at Greenock, the Museum 
of Trinity College, Dublin, the Royal Pavilion at Brighton, 
and many others, the stone of the Houses of Parliament was 
allowed to fall still further into decay, until a Government 
commission was appointed to inquire into the subject and report 
thereon. In a paper, read by Professor Robert Kerr, of King’s 
College, to the Royal Institute of British Architects, February 
23rd, 1863, we find the following reference to the subject: 
“The question of the stone preservatives, started here in 
“ January, 1861, by Mr. Tite, and debated most ably during 
“ three successive meetings, led to the appointment of a Govern - 
“ment commission. Before this commission Mr. Ransome, 
“* amongst others, had to maintain the accuracy of his theory 
“* against learned contradiction,”—so satisfied was he, from the 
experiments he had already made, of the powerful cementitious 
roperties possessed by the silicate of lime, formed iu the manner 
Cetore described, that he himself proposed, as a convincing illus- 
tration thereof, the conversion, in the presence of the learned 
sceptics, of pounded fragments of stone into a solid mass by 
means of the simple application of the two solutions. That 
same night on his return home y Ipswich) he went at once 
into his laboratory with a lump of the magnesian limestone he 
had procured at “the Palace,” which he reduced to powder by 
means of a pestle and mortar. With this powder he incorpo- 
rated a small quantity of silicate of soda, and moulded the com- 
und into small blocks or cubes, which were then immersed 
ina solution of chloride of calcium, and left for the night, 
whilst the inventor retired, not to sleep, but anxiously to await 
the few long hours of interval which were either to vindicate his 
theory triumphantly or to crush his hopes. The result, how- 
ever; was a complete success. Upon returning to his experi- 
ments in the morning, he found, to his great delight, that the 
blocks which but a few hours before he bad left in a state rer 
sembling soft putty were re-converted into stone, far harder 
than the original from which the powder was obtained, and 
which, when struck, resounded with a metallic ring. At the 
following meeting of the commissioners, Mr. Ransome produced 
the samples of stone so made. ‘The result,” says Pro- 
fessor Kerr, ‘* was as we have seen. He astonished the doctors, 
“and they accepted defeat. His own astonishment he kept to 
“* himself, and took out a [fresh] patent {for the manufacture of 
** stone ] without delay.” Specimens of this new product were 
deposited fn the Exhibition of 1862, for which the jury awarded 
the prize medal to the inventor. 

No time was lost by Mr. Ransome in turning his attention to 
the production of stone, upon a large seale, by this new process, 
the superiority of which immediately became so apparent, that 
the large and expensive kilns, or “fire-eaters,” as they were 
appropriately called in his works, were at once pulled down, 
notwithstanding the heavy outlay they had caused, to make 
room for the practical development of the improved mode of 
manufacture. 

In 1863 the results of this important invention had so far 
justified the anticipations of the sanguine originator and elabo- 
rator, that a joint stock company adopted it for its develop- 
ment upon a scale more worthy of its merits than was likely to 
be compassed by private enterprise. “ ‘The Patent Concrete Stone 
Company, Limited,” was formed, and consists of gentlemen who 
had long watched with interest, and had fully appreciated and 
admired, the untiring perseverance, and fertility of resource, of 
the inventor. It is worth notice that one of the first names en- 
rolled as a shareholder in this company was that of a member 
of the special commission “ appointed to report to Parliament on 
“the decay of the stone of the new Palace at Westminster.” 
The roli of shareholders in the company includes, amongst other 
classes, the names of discriminating capitalists, of eminent engi- 
neers, of contractors for large works, and of some of our most 
successful inventors, who are most competent to judge of the 
merits of those who have emerged successfully from a similar 
ordeal to which they have themselves passed through. 

Architects, contractors, builders, and others, who were at first 
naturally sceptical as to the permanency and value of the new 
material, before it had been sufficiently proved by the test of 
time, have been induced by degrees to make trials, which have 
resulted in such increased demands as to have necessitated the 
erection of those extensive works, to which we have referred, 
= the banks of the Thames, in the immediate vicinity of Lon- 

on. 

Such is the reputation now obtained by the Patent Concrete 
Stone, that the operations of the company are not limited to this 
country, nor, indeed, tothe United Kingdom. Extensive manu- 
factories are being established in the principal cities of America 
for the production of this important material. Large quantities 
of ornamental work have already been sent out from this country 





for the public buildings in the Australian and New Zealand 
Colonies; the massive but highly elaborate Ionic capitals for 
the new university at Calcutta are nowin course of execution, 
whilst large quantities of the requisite materials have been ordered 
by the Government for the public works both of the Bombay and 
Madras Presidency. 

The Patent Concrete Stone has also made its way into France, 
Belgium, Holland, Turkey, Egypt, and even into China—the 
Patent Concrete Stone Company having received an order for att 
— fountain to be erected in the public gardens at Hong 

ong. 








LOCOMOTIVE ENGINES. 
To THe Epiror oF ENGINEKRING. 

Srr,—Mr. Fairlie’s views on locomotives, and especially on his 
own system, having in the course of two letters, and notably in 
the very good engraving you published last week, been placed 
before the public in a very matured form, perbaps you will 
allow a few remarks thereon in the way of friend ly criticism. 
Mr. Fairlie believes that locomotives, as now made, especially 
tender engines, can be replaced with much advantage by engines 
of his duplex class, and that the latter attain a marked supe- 
riority in the following respects, viz. : 

1. Reduction of dead weight to a minimum. 

2. Amount of adhesional weight available. 

8. Maximum flexibility on curves. 

4, Compactness and general economy of construction. 

It must be very generally admitted that the Queensland 
engine (constructed under the difficulties of the 3 ft. 6 in. gauge) 
shows an amount of careful designing that does much credit to 
all concerned, and puts the system fairly on its trial. The 
defects I wish to point out are such as (in my humble judg- 
ment) arise from the system itself. 

The engine may be described as a sort of combination of two 
six-wheel tank engines, with certain peculiarities arising from 
the double boiler and double bogie arrangement, and my purpose 
is to ask if it be superior or inferior to two simple tank engines 
specially designed to couple back to back, and with one con- 
venient platform between the two fireboxes. The following would 
be the distinctive differences of the two plans. 

As regards the two engines coupled together, with intermediate 
buffers, and platform common to both, 

1. That two independent regulator handles and reversing 
levers would be needed. 

This objection does not appear to the writer to be very serious, 
for the following reasons: 

That both these levers can, by good equilibrium construction, 
be made to work with great freedom, and separately would only 
take half the power of the double lever. 

That these important parts would be much more accessible, 
and therefore readily handled on a platform between the two 
fireboxes, than on Mr. Fairlie’s side platform. 

That the swivelling arrangement involves universal joints, 
that these might get out of order, and, on the score of safety, 
the advantage would rest with independent levers, both for 
reversing and for putting on the brake. 

Much depends upon the frequency of stoppages; but for any 
class of work to which either engine could be wisely applied, two 
men and a boy would be the number of hands required. 

That the {two combined tank engines, as proposed, would, 
singly, present nothing different from ordinary simple construc- 
tion, and by the centre connexion would take the same curve as 
Mr. Fairlie’s engine. 

Pn in case of repair one only would be laid off work in lien 
of two. 

The following seem to the writer more or less serious defects 
in Mr. Fairlie’s system. 

As regards the boiler: 

That firing from the side is less convenient than the ordinary 

n 


That atmospheric air entering the firedoor would pass side- 
— to the tubes, and that the economy derivable from the 
deflector and brick arch would not be available. 

That on an incline there would be considerable difference of 
level of water in boiler. 

That its great length and method of support would render 
straining in the centre likely in case of collision. 

As regards the frames and general construction: 

That the centre bogie pipe and bearer involve extra cost and 
oe we: > tage interfere with space that might be more use- 
ully appli 

That the unavoidable absence of a good fixing between the 
smokebox, tube-plate, and frames, the complexity; danger of 
leakage, liability of fracture of joints, and necessary inaccessi- 
bility for repair, of the arrangement for taking steam round 
barrels through bogie casting, and the telescopic pipe, are each 
serious drawbacks in practical working. 

That the radial connexion at each of bogie frames, having 
to work freely, transmit the pull, and take weight of firebox, is 
(however carefully designed) inferior to the plain frame 
continued along firebox sides to trailing-buffer beam. 

That - the — are Ve moe 0 that a comparatively 
minor collision would send everything out of truth, make 
tanks leak, and disable the enaiian . ms ™ 

That the side footplate arrangement separates driver and 
stoker, and gives very contracted room for working the engine. 

It will certainly result that, if these criticisms be correct, little 
or no advantage can accrue from the adoption of this system as 
compared with ordinary tank-engines. 

Mr. Fairlie’s calculations in ova number of November 23rd, 
as to the dead weight involved in goods engine tender, though 
answered ee Engine” in your last, demand a passing 


remark. ‘The analysis of the weights of a 23 ton tender is as 
follows: 
Water 03° | ' 02. se «+» 7 to8 tons. 
a ) a ae 
Tender tank oso ove o os 
Tender frame ... eee ove S is 
Three pairs of wheels ... se 4 sn 
Springs, brake-gear, buffer, 
too. ’ &e. ove ee ove 8 » 
Total oe oe 28 ‘tons, 
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In tensity this weight of water and fuel to the engine, at 
least two pairs of additional wheels would be required, which, 
with their adjuncts, would be as heavy as the three pair of 
tender wheels. The brake work would also be the same, and 
the only item left asa gain on the gross weight would be the 
tender frame, or at the outside 3 tons. 

Mr. Fairlie under-estimates a tank of the above size, in speak- 
ing of ‘* 30 wt. of plates,” made of $ to y’;in. plate, the weight 
is not less than 3 tons, and whether carried on engine or tender 
it remains the same. The excessive amount of adhesional 
weight Mr. Fairlie aims at gaining, while necessary for excep- 
tional incline work, is not required for the goods traffic worked 
by the 36 ton engines whose economy is questioned. 

Even on the Peterboro’ London section of the Great Northern, 
the 45 wagon trains taken by Mr. Sturrock’s steam-tender 
engines are found troublesome from their length, want of 
manageability, and the frequent fracture of coupling chains. 
For mineral traffic, pick-up and goods traffic, trains of 30 to 
85 wagons are found most convenient, and it remains to be 
proved that for this duty any class of tank engine can be made 
that for =. carrying capacity, as regards fuel and general 
utility, will cupapenle the universal tender = engine. 
Tank-engines have their distinct uses, and for some classes of 
traffic are invaluable; but the idea that they can be advantage- 
ously applied in all cases is probably erroneous. fer 

Mr. f .’s calculation about the Brighton line, and the declining 
value of its stock, is more easily answered by referring to other 
causes than those “ costly encumbrances,” the poor tenders. A 
company with 100 miles of line that pay handsomely, and 200 
that pay miserably, and with a near prospect of the cream of its 
traffic being trapped by new competing schemes, may well decline 
in prosperity. The writer therefore thinks that while Mr. 
Fairlie deserves credit for his attempts to improve the locomo- 
tive engine, the “ startling facts” he adduces in support of his 
system are such as have a tendency to defeat the object he has 
in view. 

I am, Sir, 
Your obedient Servant, 
Bera. 








THE DYNAMICAL THEORY OF 
ELECTRICITY. 
To Tue Eprror or ENGINEERING. 


Srm,—When I wrote, a fortnight since, to point out what I 
considered certain errors made by the writer of the article on the 
“Dynamic Theory of Electricity,” it was not my intention to 
provoke a discussion with that gentleman, nor to say anything 
concerning any part of that article, novel or otherwise, which, so 
far as I could judge, did not misrepresent the present state of 
our knowledge of natural phenomena. 

If the readers of Encrvxerine will turn to the article in 
question, published in your paper for November 16, and then to 
my pemnerke thereon in the following number, I think it will be 
sufficiently clear that all my strictures were accompanied i. 
authority of experimental proof, or a reference to the works of 
eminent men. And yet, in the face of this, the writer of the 
article has the hardihood to charge me with dealing with as- 
sumptions, whilst he alone claims to deal with facts. The 
reverse of this is surely the case. 

For instance, the writer refers to an experimental illustration 
adopted by Professor Tyndall in his lectures on Heat, and as- 
serts that the experiment is “by no means felicitous,” because 
Dr. Tyndall “ omitted to regard the increased means of conduc- 
tion offered by the water.” This assertion I met by experimental 
and other evidenee, which the writer by his silence acknowledges 
to be conclusive. Again, the writer assumes what great things 
would be done “if we could only convert heat directly into elec. 
tricity.” I reminded the writer of the thermo-electric piles 
wherein either the heat of contact or radiant heat is directly, 
converted into electricity when absorbed by the face of the 
pile. Upon this point also the writer is perfectly silent in his 


reply. 

Not so, however, with regard to his first broad assumption, 
which the writer again repeats, namely, that the conversion of 
electricity into heat ‘* has never been shown,” and that I “‘can- 
* not adduce a single experiment to prove the contrary,” assert- 
ing, further, that the im nt experiments of Favre, which I 
quoted, are a simple deduction from Ohm's law. This latter 
statement I leave to the judgment of the scientific readers of 
Eyxoweserwe. With to the former, it is enough to see, 
for example, the before-mentioned experiment of Professor 
Tyndall, given by that eminent physicist in his lectures on heat 
as an instance of this conversion, in order, I submit, “ to prove 
“the contrary.” Undoubtedly Mr. Brooke’s experiment is a 
decisive i}lustration of the conversion of heat into electricity, and 
vice versa, satisfactorily showing, as it does, the correctness of 
the explanation physicists have given to Peltier’s experiment ; 
but it is simply, I conceive, an addition to the proofs already 
existing of the transmutation of heat into electricity. I may 
mention that in the new number of the Phil. Mag. Mr. Brooke 
has contributed some further remarks on the subject of dynamic 
electricity, which are of considerable theoretic interest. 

I notice the writer asserts in his letter that when a cannon- 
ball strikes a target it ‘‘ is raised to an incandescent heat that is 
clearly visible.” I was aware that in such a case a flash 
was sometimes seen, not that the ball was made red-hot. I 
suppose, however, the writer has facts to support his assertion. 
However this may be, it certainly is not a case of “ pure conver- 
sion from actual into potential energy.” For sensible heat is, I 
believe, actual energy; and as the writer says the ball is very 
sensibly hot, it is, at any rate chiefly, transmutation of one form 
of actual energy into that ofanother. One cannot but commend 
the effort of the writer to make plain some of the recent results 
of physical science, but I think it would be well for him and the 

lic that he should be more cautious in his statements before 
he again attempts a similar undertaking. 
as no good can come from my writing again, and the pressure 
other work leaves me no time for controversy with an anony- 
mous writer, | must entirely decline to continue the discussion. 
Yours obediently, 
Dec, 5th. W. F. Barrerr. 


I will not prolong this letter further than merely to say that 
of 


WATER-TUBE BOILERS. 
To tHe Eprror or ENGINEERING. 
Str,—In the number of your journal for November 16, on 
e 367, there is a longitudinal section and end elevation (Figs. 

5 end 7) of a water-tube boiler, which on the following page is 
said to be patented by Mr. William Inglis, of Manchester. The 
boiler, as illustrated, is precisely the same as several made, now 
nearly five years Be on my patent of January, 1862, and, I 
presume, considerably before Mr. Inglis had either made or 
patented the boiler you describe. 
The water-tube boilers made in 1862 (some of them begun in 
1861) were all composed of the end water-chambers, the tubes 
between connecting these chambers, and the cylindrical steam 
receivers connected by short branch pipes to the upper sides of 
the end chambers, the water level, in most of them, rising to 
about the centre of the receivers. Your illustrations would have 
served, almost without any alteration, for some of the single- 
furnace boilers I constructed at that time, except that the tubes 
were not so much inclined. The manner of staying, also, and 
the action of the flame and = against the tubes were, I con- 
sider, much superior in my boilers. The outside plates or doors 
of the end chambers are shown in your illustrations as stayed to 
the tube plates. The stays so arranged are of no effect what- 
ever in overcoming the unbalanced pressure of the area of the 
tubes, which, acting against the doors, will, if not otherwise 
—_—— force the tubes and chambers asunder. In the boilers 

constructed, the stays, in all cases, received this unbalanced 
pressure, being put right through the tubes from door to door, 
to which they were secured by screwed nuts. In the boiler you 
illustrate, the flame and heated gases act against the tubes chiefl 
by radiation, —,- into the flue without having gone throug 
among the tubes. In my boilers the flame and gases d up 
through the tubes, impinging on them at right angles to the 
direction of the current, and left the boiler at the sides, above 
the upper row of tubes, making the heating surface much more 
effective. 
I may state that in a boiler of this design I fitted on board a 
steamer about four and a half years ago, the tubes were rapidl 
destroyed, though the engines had a surface condenser. ft is 
= that the engineer admitted more salt water to the 

iler than was required to make up for the unavoidable waste ; 
at all events, in almost every voyage from ey a the Medi- 
terranean and back, some of the tubes would e so filled 
with incrustation as to be destroyed by the action of the fire. 
Another boiler on the same plan, that [ erected at Belfast, in 
1863, to drive the printing machinery of the Belfast Newsletter, 
where the feedwater was brackish and otherwise chemically im- 
pure, had several of the tubes destroyed in about a year after 
starting, by incrustation forming in the tubes. 
My experience of these boilers at that time led me to conclude 
that they would not be suitable for steamers, even with engines 
having surface condensers, except the waste was made-up with 
fresh water. 
The means of access for cleaning and examination I adopted 
was very complete. The flanges of the end chambers were 
turned in and planed on the joint face; the doors were also 
planed on the joint and bolted on. A few minutes sufficed to 
unscrew the doors and give access to the inside of the boiler. 
I may state, also, that I had at that time designs similar to 
that illustrated in your journal of November 9th, as patented by 
Mr. E. N. Dickerson, of New York; but as the pressures I was 
then employing ranged to about 100 1b. per square inch, the flat 
sides with the multitude of stays necessary for strength rendered 
them objectionable. 
When the doors were sufficiently stayed, which was simply 
accomplished as I have described, the boilers I constructed were 
capable of sustaining almost any amount of pressure with 


ety. James Howpkn. 
Scotland-street Engine Works, Glasgow, 
November 26, 1866, 








WINDING-ENGINES. 
To THe Eprror or ENGINEERING. 
Srr,—In last week's ENGINEERING, a “ Constant Reader” 
wants to know what diameter he must make a drum to wind 
with a rope (1 in. thick) from a pit 265 yards deep so as to coin- 
cide with a rope of the same thickness, winding on a drum 10 ft. 
in diameter from a pit 200 yards deep (he evidently means flat 
ropes coiling on themselves, with constantly increasing diameter 
in raising, and decreasing diameter in lowering). © 
_ Now a rope 1in. thick commencing to roll upon a drum 10 ft. 
diameter, the first coil would be 380.1336 in. in length, making 
the real diameter of the first coil 10 ft. lin. Each coil after the 
first will be 2in. diameter larger than the preceding one, and 
consequently will take up 6.2832 in. more rope. This also ap- 
plies to the coil winding from the other pit (the rope being of 
the same thickness). 
Now, in the first place, we have to ascertain what length of 
rope is gained in this way, over coils of an uniform diameter of 
10 ft. Lin., and subtract it from the depth of each pit, and 
then the diameter of the drums will be in direct proportion to 
the remaining “ee respectively. The number of stechetions 
of the drums will be 163, and the gain of rope by continuous 
lapping on will be 23 yards. 200—23=177, 267—23=242; 
then as 177; 242:: 121: 165.,% in. nearly. 
Diameter of first coil. 


200 yards pit ... =... ee 10 ft. Lin. 

MS one one ee 13 ft. 9¥e in. 
Diameter of drums. 

200 yards pit ... - os S08, 

2 13 ft. 8, in. 


Hoping the above will be satisfactory, ‘i 
I remain, yours respectfull 
Crewe, Dec. 4, 1866, ae a Lean, 








Tue Great Easrery.—There are now about 1000 men 
employed upon the Great Eastern, lying in the Mersey. She is 
to be thoroughly overhauled, and to receive two new boilers. On 
the 20th of March next she will leave to commence plying be- 


and Brest, under the command of Captain Sir 


tween New York 


COUNTERWEIGHTING LOCOMOTIVES, 
To tHe Eprror or ENGINEERING. 
Srr,—I have been reading the letters of Mr. Makinson and “ L.” 
on the counterweighting of locomotives, but I confess that I do 
not see so clearly as I could wish—notwithstanding “ L.’s” demon- 
stration, which I do not understand—that a counterweight 
Spe opposite the crank, balances--the reciprocating parts of 

e engine. 

Taking the example given by Mr. Makinson, when the piston 
is at the end of the forward stroke it is motionless, therefore 
requires no balance, yet the weight of 500 lb. being opposite the 
crank-pin in the same circle is exerting a horizontal force on the 
crank-axle opposite to the direction in which the engine is run- 
ning of about 6800 lb. When the piston has reached the middle 
of the cylinder in its return stroke its velocity is about 21 ft. 
per second, its momentum being 10,500 lb. ; bat the counter- 
weight is now at the top of its circle of revolution, and exerting 
its force of 6800 lb. upwards, and tending to lift the engine from 
the rails. Precisely the same effect, of course, takes place at the 
other two points, viz., the end of the back stroke, and the middle 
of the forward stroke, excepting, in the latter case, the centrifugal 
force of the counterweight being downwards instead of upwards. 
If, now, the counterweight be p at a right angle to the 
crank-pin behind it, when the piston is in the middle of its back 
stroke, and has therefore acquired its greatest momentum, the 
counterweight is horizontal, and its centrifugal force is in direct 
opposition to that momentum, therefore should, if of the proper 
weight, exactly balance it, and when the piston has reached the 
end of its stroke, and becomes motionless, the horizontal element 
of the counterweight is neutral, though its vertical element is 
— upon the rail. If this view be correct, it will be im- 
possible to balance the reciprocating parts of a locomotive by 
such means, inasmuch as the engine cannot be reversed without 
reversing the effect of the counterweight, and throwing it into 
the same scale as the reciprocating parts.. 

L. apparently intends his demonstration to apply to horizontal 
engines generally, and speaks of the revolving counterweight 
counteracting the horizontal pressure on the crank-pin arising 
from the inertia of the reciprocating parts ; but the inertia of the 
reciprocating parts reduces the pressure on the crank-pin, and I 
do not see that any arrangement of revolving counterweights 
can alter the relation existing between the reciprocating 
and the crank-pin; I think their mutual action is quite inde- 
pendent of any revolving counterweight, except at exceedingly 
slow speeds, where the force of gravity comes into operation. 
The direction of the force of a counterweight on the crank-pin, 
as L. proposes, would be through the crank axis, but in order to 
overcome the inertia of the reciprocating parts it must be in the 
direction of the crank-pin's motion, and must act directly upon 
it; but I do not think it advisable to overcome the inertia of the 
reciprocating parts by any system of counterweights ; in working 
expansively, that inertia is useful—itself in some degree balances 
= unequal pressure of the steam at the beginning and end of 

e strake. 

If I rightly understand this question, the object of balancing 
the reciprocating parts is to secure increased steadiness in run- 
ning by counteracting the effeet of this force, which is alternately 
added to and taken from the momentum of the engine; in that 
case is it more than a er? and does it not come out in 
a more objectionable form? I should think that the increased 
steadiness would not compensate for the damage done to the 
rails, if, indeed, there be such an advantage; for the counter- 
weights of both sides not acting vertically at the same time, 
there must be on the part of the engine a decided tendency to 


rock. 

I put forward these views with some diffidence. If they are 
correct, I shall be glad to be assured of it, and if they are not I 
shall be equally glad to be corrected. 

Birmingham, Dec. 3rd, 1866. 


Tue InstiruTion or Crvitn Enxoingers. — At the last 
meeting of the members of this society on the 4th instant, Mr. 
C. H. Gregory, Vice-President, in the chair, thirty candidates 
were balloted for, and declared duly elected, including six mem- 
bers—viz., Mr. Peter Ashcroft, chief engineer to the South 
Eastern Railway Company; Mr. John Chester Craven, locomo- 
tive superintendent of the London, Brighton and South Coast 
Railway ; Mr. William Johnstone, engineer to the Glasgow and 
South-Western and other railway companies; Mr. Thomas Mar- 
tin, A.B., executive engineer, Bengal Establishment; Mr. James 
Raine Rushton, chief resident engineer of the Great Indian 
Peninsula Railway; and Mr. Arthur Anderson West, first-class 
engineer on the Great Indian Peninsula Railway, and lately in 
charge of works on the Bhore Ghat Incline; and twenty-six as- 
sociates —viz., Mr. James Abernethy, Ferry-hill Ironworks, 
Aberdeen ; Mr. Thornton Andrews, Gasworks, Swansea ; Lieut. 
John Charles Ardagh, R.E., Newhaven Fort; Mr. Robert Dud- 
ley Baxter, Westminster; Mr. James Blackburn, resident engi- 
neer of the Droylsden Gasworks; Mr. William Wingfield Bon- 
nin, Florence; Mr. Thomas Brassey, jun., Westminster; Mr. 
Albert James Leppoc Cappel, superintendent of telegrapbs in 
the Bombay Presidency; Mr. George James Crosbie Dawson, 
engineer’s office, London and North-Western Railway; Mr. 
George Eedes Eachus, Westminster; Mr. Joseph Breedon 
Fryer, Westminster; Mr. Thomas William Gardner, Westmin- 
ster; Lieut. Lewis Conway Gordon, R.E., vice-principal of the 
Thomason Civil Engineering College, Roorkee ; Mr. John Thewlis 
Johnson, Manchester; Mr. William Mercer, recently upon the 
works for the drainage of Rio de Janerio; Mr. Charles James 
More, late resident engineer of the Canal Cavour, Italy; Mr. 
Charles Mumford, Local Board of Health, Wisbeach; Captain 
Francis George Shirecliff Parker, H.M.’s 54th Regiment; Mr. 
Michael Patterson, Stowford-mills and Gasworks, Ivy-bridge ; 
Mr. William Ridley, late of the Mauritius Railways; Mr. 
Christer Peter Sandberg, engineer on the Swedish Government 


Railways, Stockholm; Mr. i Taylor, resident 
per ey on the Aberystwith and Welsh, Coast ilway; Mr. 
James Farnham Tuson, late a resident engineer on the Ottoman 
Railway; and Mr. Edward Henry Woods, resident engineer to 
the Central Argentine Railway Company. ; 
Erratum.—The eight-page sheet, containing the article, on 
page 424, headed “ Metropolis Water Supply,” was printed wi 
out full revision and typographical correction. The deaths by 
cholera, referred to in the article in question, were 5548, and the 
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James Anderson. 





estimated money loss is no doubt greatly overstated. 
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MACINTOSH’S SUBMARINE CABLE. 


Wuev the solution of that problem which Mr. Cyrus 
Field designated as the greatest engineering electrical 
and nautical question of the age was in abeyance, we were 
constantly inundated with proposals from numerous 
sources for every conceivable method for surmountin 
the supposed insuperable difficulty of submerging a 
maintaining wires across the Atlantic Ocean. Immense 
floating cylinders were to be used instead of ships. 
Gutta-percha was to be supplanted by powdered glass, 
iron wires were to be replaced by hemp, ratan canes, 
&c. The cables were to be suspended in medio maris 
by buoys, compressed corks, and other floating ap- 

ones. A supermarine line was to be maintained 

= balloons, e¢ hoe genus omne. All these visionary 
schemes will now perhaps disappear, and the further 
elucidation of the laws of the forces displayed in the 
submersion of submarine cables, and the determination 
of the materials required in their construction, left to 
those who have so successfully solved the intricate 
problem. 

But there are some novelties and proposals which 
deserve and require deep consideration, and there are 
many points in the existing cables that require reform. 
The stranded conductor is not the most perfect form 
of permanent way for our fleet-footed messages, nor 
the gutta-percha coating the cheapest or best form of 
insulating material for our subtle force. The question 
whether the strength of the cable should be placed in 
the interior or exterior is still open to discussion. 

As regards the insulating coating, gutta-percha has 
stood the test of experience. No case of its decay in 
water has ever been produced. Its insulating pro- 
_ are amply sufficient for all practical purposes. 

ut its specific resistance—and the speed of working of 
submarine cables is directly proportional, ceteris pari- 
bus, to the specific resistance of their insulating 
medium—is much inferior to other materials. Mr. 
Hooper has produced a very promising form of india- 
rubber coating, the perfection of whose insulating pro- 
perties is almost inconceivable, and whose specific in- 
ductive resistance is to that of gutta-percha as 1 to .74; 
and Mr. Macintosh has recently introduced a com- 
pound of paraffin and india-rubber, which bas at least 
one merit beyond that of high specific induction—that 
of cheapness. He has published a pamphlet on the 
subject, embracing certain facts and figures relative to 
submarine telegraphy, which, to his mind, are evidently 
conclusive of the superiority of his compound over its 
more fortunate rival ; but we fear he has omitted certain 
points in his calculations which, to our mind, have an 
opposite effect. We have, however, no hesitation in 
stating that if he or any other manufacturer succeed in 
introducing a really good, cheap, and durable insulat- 
ing material, he will confer a lasting boon on tele- 
graphic progress. The increasing price of gutta-percha 
isenormous. India-rubber has made a strong fight, 
but even its most strenuous advocates and supporters 
have now been compelled to abandon its manufacture, 
and adopt that of gutta-percha. Paraffin is very 
cheap; its cost per pound is but a fraction of that of 
insulators hitherto used. Its supply is inexhaustible. 
Its insulating properties are very perfect. Its induc- 
tive resistance is said to be greater than that of any 
other material adapted for the insulation of submarine 
cables, indeed from 90 to 100 per cent. more than that 
of gutta-percha. It is also said to be chemically un- 
alterable under all ordinary conditions. But Mr. Mac- 
intosh’s material is a heterogeneous mass; it has never 
received the test of practical adoption; its durability 
is unknown, and until it is proved to be indestructible, 
and to be equal in permanency to gutta-percha, no 
telegraph engineer would venture to adopt it in prefer- 
ence to gutta-percha. We observe, in his pamphlet, 
the old cry of unsuccessful inventors, “ practically the 
“construction of submarine cables has hitherto been 
“a monopoly in the hands of a few patentees and 
bh capitalists, who have apparently considered their inte- 
i, rests to be opposed to the introduction of any funda- 

mental improvement.” The telegraphic world is a 
large one now, and it is rather a bold assertion to make 
that all our telegraph companies and their engineers 
are in the ial of a few capitalists. It is true he 
names the constructors of cables; but it is our elec- 
tricians who specify these cables, and our companies 
who pay for them, and inventors may rest assured that 
a really durable insulator, which can bear every test 
required of it, will speedily secure adoption and re- 
commendation. 

Mr. Macintosh hopes, by means of the high in- 
sulating power of his new compound—he doesn’t tell 
us what are its actual constituents, nor have we ever 
Seen a specimen of it—to enable higher battery power 

to be used in signalling, and thus, while retaining the 





same speed of transmission, reduce the sectional area 
of the conductor, and economise the a of copper 
employed. But Mr. Latimer Clark has clearly demon- 
strated that increased battery power in no way modifies 
the speed of signalling, and Mr. Preece has shown, only 
in our last number but one, that the speed of working 
is, ceteris paribus, inversely as the specific resistance of 
the conductor, and therefore Mr. Macintosh’s im- 
provement in this respect can have the only effect of 
retarding the transmission of signals. Moreover, if 
the mere improvement of insulating power can 
enable us to reduce the conductor, the same can be 
effected with gutta-percha, which has been improved of 
late years in this respect a thousandfold. The insula- 
— of the Atlantic cables leaves nothing to be de- 
sired. 

But he proposes—and this would be a real improve- 
ment, if practical—to dispense with all joints, which, 
according to his estimate, in the case of one Atlantic 
cablenumbered nearly 200,000, by constructing the cable 
in one continuous length, without welds or joints. His 
conductor is formed of a number of fine wires break- 
ing joint without soldering, and bound firmly together 
in a cylindrical form by ribbons of copper. But this 
is not practical with any form of cable but his own, 
and, from the limited source of information we possess, 
we cannot say that it is even practical with his. 

It is, however, upon the high inductive resistance 
of his compound that Mr. Macintosh principally 
relies in his advocacy of its superiority over gutta- 
percha. He asserts that its specific inductive resist- 
ance is three times that of gutta-percha. This would 
imply that a cable coated to the same diameter as the 
Atlantic cable, with paraffin compound in place of 
gutta-percha, would have three times the capacity of 
work, or transmit three times the number of words 
per minute; in other words, increase its commercial 
value threefold, and that at aconsiderable reduction of 
expenditure ; moreover, that the same speed of work- 
ing as at present produced could be attained by a con- 
siderable reduction of weight of the material. He is, 
no doubt, perfectly correct in his calculations and con- 
clusions : but high conductive and inductive resistances 


are not the only qualities required in an insulating |b 


compound ; we require experience in its behaviour, a 
perfect knowledge of its qualities, complete indestructi- 
bility in its nature, and impermeability and incompres- 
sibility in its substance. We are perfectly acquainted 
with all these points in gutta-percha, and we are totally 
ignorant of them in the paraffin compound, and there- 
fore our verdict on all these points as regards these 
two materials is unhesitatingly given in favour of gutta- 
percha. 

But Mr. Macintosh is not only going to supplant 
gutta-percha, but to dispense entirely with the outer 
sheathing of existing cables, and obtain the necessary 
mechanical strength for submerging and raising them 
from the materials ‘themselves which are employed for 
insulating the conducting wire. “ The insulating 
“ material is applied to the wire under a pressure of 
several tons, in numerous thin coatings or films longi- 
* tudinally stretched, so as to obtain the maximum of 
*“ their combined tensile strength.” His cable is to bear 
twenty miles of its own length in water. It is to be 
the smallest, lightest, smoothest, least expensive, and 
most effective of any hitherto proposed for deep-sea 

urposes. But is Mr. Macintosh aware that Professor 
Thomson has shown that a small and smooth cable is 
positively injurious in favouring the slipping back- 
wards of a falling cable, and tending therefore to an 
enormous and unnecessary waste; and is he also aware 
that it has been shown that a lower specific gravity 
in any cable than from 1.7 to 2 would be positively in- 
jurious? If not, we recommend him to study the 
theory of submersion of cables in deep seas, and he 
will find that the points in his proposed cables, upon 
which he relies for superiority to existing forms, are 
positive defects to be avoided. 

In concluding his pamphlet, he conceives the con- 
struction of several similar cables united together by 
shore ends, and used as one line, to obtain by the 
variation in their numbers a given rate of speed of 
signalling, and anticipating that, in the event of failure 
or accident to any separate line, no inconvenience or 
disadvantage would be experienced, but only a diminu- 
tion of the speed at which signals could be transmitted. 
This is a conclusion totally opposed to known laws, and 
one of the early fallacies of the projectors of the original 
Atlantic cable which have long since been exploded. 
Twenty cables of similar dimensions, united in one 
circuit, would only give the same speed of working as 
that of one wire, and this is not only a necessary 
corallary of the law of transmission, but a fact amply 
proved by experiment. 

In concluding our remarks upon this subject, we 





would point out that Mr. Macintosh cannot adduce the 
practical employment of one inch of his material for 
telegraphic purposes—he has not produced the certifi- 
cate of its merit and qualities of a single practical and 
experienced telegraphist—that the chief of his proposals 
are opposed to practice and theory, and that his 
ropositions verge much more upon the visionary 
cence of the poet than the sober conclusions of the 
practical man. 








THE PARIS EXHIBITION. 


Tue following memorandum has been issued for the informa- 
tion of exhibitors of machinery: 

1. The pressure of steam in the boilers will be 60 1b. per square 
inch, and somewhat less in the Exhibition building, according to 

ition. Water can be had under a pressure due to a few feet 
ead above the floor level from a main within a moderate dis- 
tance from each Exhibitor’s space. 

2. Water under a pressure due to a head of 98 ft. can be had 
on demand, by laying a pipe from the main which adjoins one 
side of the British space. Steam will be exhausted into pipes 
which will be within moderate reach of each exhibitor.* 

8. Waste water will be run into a conduit also within easy 
reach of each allotment. The original ground under the ma- 
chinery gallery is not reached for some 7 ft.or 8 ft. from the 
floor level; the made ground is, however, well consolidated. 

4. Exhibitors must bear in mind that it rests with them to 
make due provision for everything in the way of water, steam, 
and exhaust pipes, foundations, counter-shaftings, &c., that 
their machines may require. 

5. Exhibitors can make their own arrangements for drivin 
pulleys; but in case it should suit their convenience to fin 
pulleys ready for them on arrival, a list of prices is sent here- 
with, at which drums can be supplied and fixed on the main 
shaft. 

6. Exhibitors wishing to avail themselves of this arrangement 
can do so by direct agreement with Messrs. Bryan Donkin and 
Co., Grange-road, Bermondsey, who are the makers of the 
shafting. 

7. When the drums are on the shaft they can be keyed up by 
the exhibitors, to suit as to position their requirements. All 
pullevs put up after the shafting is in its place must be in two 
halves. No pulley not made in halves can be removed from the 
shafting without being broken off. 

8. The largest pulley that can be used is 3 ft. Gin. in dia- 
meter. 

9. The diameter of the driving-shaft opposite the space of 

is inches. 

10. All cotton waste, wipings, &c., must be kept in a metal 


Ox. 

11. To ensure the public safety, exhibitors will be required 
to fence off machinery in motion in such a way as the Commis- 
sioners may deem necessary. 

12. After the 1st of March the various lines of shafting will 
be run at intervals to afford such exhibitors as may require it 
an opportunity of trying their machinery. 

13. The whole of the machinery must be completely installed 
by the 15th of March, on which date a general trial will take 


ace. 

F 14. Exhibitors are requested to bear in mind the difficulties 
of transport which are likely to ensue from the blocking of the 
railways, and to take the earliest opportunities of despatching 
their goods. They are reminded that, without the co-operation 
of the exhibitors, the British executive are powerless to uphold 
the national character for punctuality, which they earnestly 
hope will not suffer in the hands of any of those concerned in the 
Paris Exhibition of 1867. 


NEGATIVE SLIP OF THE SCREW 
PROPELLER. 
To rue Eprror or ENGINEERING. 

Str,—Although many explanations have been given of the 
cause of negative slip in screw propellers, I cannot say that I 
have seen any which appears adequate to account for the pheno- 
menon. I therefore send you the following explanation: 

When a screw is rotated in the water, the screw—carryin 
with it the vessel—is forced forward, and the water in whic 
the screw revolves is forced backward, and the forward and back- 
ward pressures must, of course, be the same. The spaces 
through which these pressures act in a given time, however, are 
not the same at all; for whereas the ship is propelled forward 
through, say, 10 knots in the hour, the water is probably forced 
backward through only about 2 knots, which relation we indicate 
by saying that the slip of the screw is about 20 per cent. Now 
it has been conclusively proved that nine-tenths of the power 
consumed in propelling a vessel of good form is consumed by 
skin friction, and is expended either in generating heat or in 
moving a film of water forward in the direction of the vessel. 
How much of the power is expended in generating heat, and 
how much in moving the water, there have been no experiments 
to determine. But if we assume, as we may fairly do, that at 
least half the power consumed in skin friction is expended in 
giving motion to the contiguous particles of water, it will follow 
that there is more vis viva resident in the film of water movin 
rapidly with the ship than in the slow moving column projec 
astern by the screw. Since, however, the film of water put in 
motion by the ship does not move as fast as the ship moves, but 
is being contionsliy delivered at the stern, it follows that the 
water which the screw works in has already an amount of vis 
viva urging it forward greater than that imparted by the screw 
in urging it back, and there is consequently a balance in favour 
of the current proceeding in the direction of theship. In other 
words, the result of these conflicting force is to cause the column 
of water in which the screw rotates to advance slowly in the 
direction of the vessel, and thus to produce the phenomenon of 
negative sli There are other concurring or counteracting 
causes which go to modify the result actually realised in practice, 


* A plan will shortly be forwarded to allottees of space showing 
the general arrangements of the lines of shafting and steam pipes 
with reference to the exhibiting space, 
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such as a fall stern, a fine pitch, and the position in which the 
screw is set. Into these topics I need not now enter. But the 
circumstance which renders negative slip possible is that there 
is more vis viva in the film carried forward by the ship than in 
the colamn projected sternward by the screw, so that when 
both forces are impressed on the same water, there is a balance 
in favour of a forward motion, which phenomenon we term 


negative slip. , te 
am, &c., 
Joun Bourne. 








THE ATLANTIC TELEGRAPH. 


A course of very interesting lectures on ‘‘The Atlantic 
Cables, and on the Prospects of Electric Telegraphy,” has been 
lately delivered at the Leaten Institution, Finsbury-circus, by 
Mr. Fleming Jenkin, C.E., F.R.S., &c., the concluding lecture 
being delivered on Monday last. The following is an abstract 
of the whole: 

The lecturer commenced by observing that the “ Cantor Lec- 
tures ” lately delivered by him at the Society of Arts were in- 
tended as a scientific résumé of submarine telegraphy ; but that 
in the present course he should endeavour to make his listeners 
understand more fully the practical details of submarine tele- 
graphy, and of the Atlantic cable in particular. 

he Atlantic cables of 1865 and 1866 were almost identical 
in form, and differed but slightly in detail. The core, consisting 
of the conductor and insulator, were precisely similar. 

The conductor was formed of a strand of seven copper wires. 
The centre wire was covered with Chatterton’s compound, and 
the other six laid spirally round it. The copper was of the best 
conducting power, a: d weighed 300 Ib, per knot. 

The insulator was of gutta percha with alternate coatings of 
Chatterton’s compound and gutta percha to the weight of 
400 lb, per knot. 

The exterior protection was of ten wires of homogeneous iron, 
each served with Manilla yarn. 

Conductors of copper were invariably used as being so far 
superior in conducting apo to other metals; the ratio between 
iron and copper being, for equal size, as 1 to 6, the object of the 
conductor being stranded was to prevent the want of continuity 
from the wire breaking. If a break happened to a solid wire a 
total interruption would ensue, but it was very improbable that 
the seven wires would all break in the same place. 

Joints in the copper wire were scarfed and then covered with 
fine wire and carefully soldered, over which was twisted some 
more fine wire. In case of the joint giving through any heavy 
strain, the continuity would be kept up by the fine wire untwist- 
ing instead of breaking. 

Insulators.—Gutta percha had been much belied in being 
called a delicate substance. It would stand much rough usage 
and great strain, and was advantageously used for machinery 





bands. 

A narrow strip of gutta percha was tested by the lecturer 
under a strain of 5 cwt. without breaking. Great care had to be 
used in jointing: the operation being one of a purely practical 
nature, experience was the only guide. None but the most ex- 
perienced hands were permitted to make joints. In the Atlantic 
there were not less than 2300 in each cable. The operation 
consisted in coating the wire with Chatterton’s compound and 
with thick and thin sheet percha, so that the wire should be 
perfectly insulated, and the joint with the gutta percha itself be 
complete ; it was an operation that required great skill and deli- 
cacy in knowing when the heat was at the exact stage to cause 
a perfect adhesion, so as to render the mass homogeneous. And 
more depended upon having really conscientious workmen than 
was generally imagined. 

The operations of jointing the conductor and insulators were 
pa by a jointer from Mr. Henley’s works, so the andience 

ad an opportunity of seeing this practically earried out. 

Gutta-percha remained for years under water without change, 
and the gutta-percha of the first cable laid (15 years ago) 
was yet in a perfect state of preservation. Immediately after 
being laid a decided improvement took place, for it was observed 
that the insulation of the Atlantic cable had improved about 
150 per cent., being at the rate of about 7 per cent. for each 100 
fathoms. Reference was made to other insulators; the best of 
these was india rubber ; but the difficulties in the manufacture 
were so great that, with one exception, it could not be depended 
on. The exception was Hooper's cable, which had answered the 
test of time in a way that none of the others had, 

Stretching did not permanently affect the core, owing to its 
great elasticity. A piece of the Atlantic core was subjected to a 
strain of about 5} cwt. ; under this it stretched about 10 per cent. ; 
it was then taken off, knotted, twisted, and subjected to any 
amount of ill-usage from the lecturer and his assistant; on 
being cut open, the conductor was found exactly in the centre, 
and the ed appeared rone the worse. 

The core was then covered with tarred hemp to act as a pad- 
ding for the outer wires. The serving formerly used had con 

ced in tar as a preservative; but when faults occurred, such 
as small holes, &c., the tar penetrated; tar being a pretty good 
insulator, the fault was often not discovered anti after the cable 
had been submerged ; this led to its use being abandoned, and 
in order to preserve the hemp from decay as long as possible it 
was ta § 

The external protection or sheathing was laid on in a helical 
form,  grerally, but a a spiral. Cables being 
covered in this manner admitted of but little or no extension. 
Extension in a wire laid helically was simply a reduction of its 
diameter. The helical wires of a cable abutted against each 
other more in the form of a complete arch. No extension could 
therefore —— in a wire-covered cable, as no reduction of the 
diameter could take place. It had been observed that the 
Atlantic cable was an arch with a pudding key-stone. This 
was the case to a certain extent, and it was owing to this fact 
that the cable stretched more than any other. 

The effects of twisting and untwisting were shown, and a very 
pretty experiment was made to practically demonstrate that the 
outer wires did not press upon or injure the core. An iron 
cable, similar to what bad been shown before, was suspended 
from a clamp by the one end ; to the other was attached a table 
upon which weights to the amount of about 9 cwt. were placed 





without in any way affecting the exterior of the cable. The 
lecturer then a probe through the cable, untwisting it, 
showing that it had no core, in fact, that it was quite hollow. 

In testing the breaking strain of the hemp and the wire a 
curious result came out. It was found that the breaking strain 
of the two combined exceeded the amount of the breaking strain 
of the sum of the two taken separately. This fact was observed 
also in some experiments made for the Government by Messrs. 
Gisborne and Forde, and in some independent experiments by 
Mr. Fairbairn. The explanation was due to the fact that it was 
not at all likely that their weakest points would coincide. 

The quality of wire used was Webster and Horsfall’s homo- 
geneous iron, so like steel that the two terms were used indis- 
criminately. In the 1865 cable the wire was plain, being served 
with tarred hemp, while the wire in the 1866 cable was slightly 
galvanized and served with plain hemp. 

The weight of the cable in air was 35 ewt. 3 qr., and 14cwt. 
in water, its breaking strain being so great that it was calcu- 
lated to sustain 11 miles in water. 

Some experiments were also made to prove that when the 
external wires were laid round the core no twist whatever took 
place. The bobbins from which the wire was taken rotated on 
their own axis, and prevented any twist taking place. 

The second lecture was devoted entirely to the subject of 
testing; but before entering into the testing arrangements, the 
lecturer explained the general terms of galvanometer, battery, 
and resistance. 

A small battery of a single cell was shown and explained. 
This cell was put in connexion with an ordinary galvanometer, 
consisting of a suspended needle surrounded by wire. Its action 
was rendered more prominent by large cards being fixed on the 
needle-poles. The effect of the cell was shown by the deflec- 
tion of the needle. The effect of resistance was shown by first 
observing the amount of deflection on a Thomson’s reflecting 
galvanometer, caused by the passage of a current through a small 
quantity of wire. A large amount of wire was introduced. The 
deflection was sensibly decreased, showing that the extra length 
of wire offered increased resistance to the passage of the current. 
Thomson’s galvanometer, which was used for this experiment 
and for all the tests of the evening, was shown as the most deli- 
cate galyanometer in use. It consisted of two circular coils of 
very fine wire wound round two needles, to the lower of which 
was attached a very minute mirror. The light froma lamp was 
placed so as to fall upon the mirror. ‘The spot of light reflected 
from the mirror fell upon a scale of degrees, arranged so that 
the mirror, when at rest, should reflect the spot to zero. The 
galvanometer was provided with a peculiar arrangement, which 
very sensibly increased or decreased its delicacy. 

An instrument also greatly used in testing, and for electrical 
measurements, was Wheatstone’s bridge; this was fully ex- 
plained by diagrams, and its construction shown on a large 
scale. Ona large board were fixed the several wires forming 
the sides of the parallelogram (as sometimes called) ; to these 
were attached connexions at the ends for the batteries, and in 
the centre for the galvanometer; the action of the bridge being 
that when the two sides of the parallelogram were equal in 
resistance to the two opposite sides no deflection was shown on 
the galvanometer, but if there was a difference then the galva- 
nometer was deflected. This was shown by a test of some 
copper wire. On the one side was placed some copper wire of a 
known standard; opposite to this was put some wire whose 
resistance was not known, and supposed to be inferior. The 
galvanometer being deflected, the wire was shortened until 
finally it was so adjusted that the galvanometer remained at 
zero, showing that the resistance of the one wire was precisely 
equal to that of the other; the inserted wire was then found to 
be of much less length, proving that it was greatly inferior in 
conducting power. The lecturer stated that the test thus shown 
was almost identical with that daily used at the Gutta Percha 
Works for the purpose of examining the quality of the copper 
wire used. 

Copper differed materially in its conducting power, a fact 
which was first observed by Professor Thomson. The con- 
ducting power of the Atlantic cable was within about 8 per cent. 
of the very best oe. 

Temperature had the effect of increasing the resistance of 
copper wire. The resistance of the copper wire at a certain tem- 
perature being known, it followed that this increased resistance 
could also be taken as a test of the temperature. This in fact 
had been done with the Atlantic, where the temperature was 
stated to be 44°. 

Dry air wastabout the only perfect insulator, for through that 
they had not been able to pass any current. Gutta-percha was 
a conductor, but one offering very great resistance ; but still it was 
quite praticable to pass a current through. Its conducting power 
was so bad that, comparing it with copper, it was as 1 to 200 
X 10, or about the same proportion as the velocity of light to 
a body moving one foot in 6700 years. 

A practical test was then given of leakage or conduction of 
gutta-percha. Ina tank of water was placed a mile of gutta- 
percha covered wire, of which one end was insulated. A battery 
of eighty cells was connected from one pole to the water. A con- 
nexion was then made through the galvanometer to the other 
end of the cable. A deflection was immediately observed, show- 
ing that a small quantity of electricity was ac passing 
through the gutta-percha to the water back to the battery. This 
was a test of insulation, and according to the amount of the 
deflection was the proof of insulation. 

A joint that had been cut out of the Persian Gulf cable and 
was condemned was then experimented upon as a test of bad 
insulation. The deflection obtained from this joint alone was 
greater than that from the mile of insulated wire. The insula- 
tion properties of gutta-percha were affectec. by temperature, in- 
creased temperature increasing the leakage. A diagram was 
shown giving the curves due to temperature. 

In cables submerged at great depths the effect of the great 
pressure was to force water into the iro but in such 
very minute particles as not to cause any ill effect; the actual 
result of pressure being a consolidation of the gutta-percha, ren- 
dering its insulation more perfect. In the Atlantic cable the 
improvement since its submersion was, according to Mr. Latimer 
Clark, nearly 200 per cent.—a result due partly to this consoli- 
dation and partly to decreased temperature. 





When a battery was put in connexion with a cable, a sudden 
rush of electricity entered it; this was called charging. This was 
shown, and that the cable until discharged would not admit of 
any more current after being charged but that due to leakage, 

As a further test of insulation, this was considered: the time 
a cable held its charge was considered a proof that the insulation 
was good. The cable previously experimented upon was charged, 
and then after an interval of one minute was discharged; the 
defection on the galvanometer was almost the same. In the 
Atlantic cable the charge remained for from 60 to 70 minutes. 
The insulation in the cable of 1858 was so inferior that the re- 
sistance differed but little when the end was to earth or when 
insulated. The actual loss of current in the present cables was 
estimated at ,3,. 

The system of joint testing by accumulation, as carried out 
in the Atlantic cable, and originally introduced by Messrs, 
Bright and Clark, on the Persian Gulf cable, was explained and 
practically shown. 

A bucket of water was suspended for insulation ; in this was 
placed the joint to be tested; in connexion with the water 
was placed a condenser, the opposite plates of which were in 
connexion with a key, which, on being depressed, would dis- 
charge the condenser through a galvanometer to earth. The 
joint was then placed in connexion with a battery, and the leak- 
age which took place accumulated in the condenser. After a 
lapse of a short time the condenser was discharged, and a deflec- 
tion shown in the galvanometer. No deflection would be ob- 
served on the immediate discharge, as the deflection would be so 
slight. In the testing of joints, no joint was passed that 
showed a greater deflection than a standard length of insulated 
wire. 

The lecturer then proceeded to explain the nature of faults, 
and how, when they occurred, they might be located. Faults of 
interruption were due to two causes—want of continuity and 
of insulation. The distance of the former could be determined 
by the discharge test previously shown. The amount of dis- 
charge in the cable, tothe fault, would be measured and com- 
pared with that known as due to the perfect cable; the distance 
could then be easily deduced by proportion. This test for 
distance was shown experimentally, as was also a test of leakage 
where the distance was also calculated. Faults of lossof insu- 
lation were difficult to locate, when one end only of the wire could 
be obtained, owing to the variable nature of the fault itself; but 
where it was possible to obtain both ends, as in the experiments 
shown, it was perfectly possible to measure the distance with the 
greatest nicety. * 

The subject of testing cables during submersion was entered 
into and fully explained. The system, as formerly adopted, was 
dividing the hour into parts, during which ship or shore might 
test for conducting and for insulation, but always at different 
periods of time. When a fault occurred, much time was lost 
in observing and completing speaking arrangements. During the 
laying of the Atlantic a most perfect system of testing was 
adopted, the invention of Mr. Willoughby Smith, whereby 
simultaneous testing might be carried out, and spcaking signals 
exchanged with the greatest ease. This plan has already been 
explained in our columns. 

The lecturer then explained, by means of a large diagram, the 
system of testing and speaking of Mr. W. Smith, and Mr. 
Varley’s plan of speaking (the one actually used). 

For measuring the tension or potential of the battery at the 
end of the cable, a special electrometer arrangement, the inven- 
tion of Professor Thomson, was used. The lecturer explained 
this by diagram, and also by actual experiment. Of this instru- 
ment he had the highest possible opinion, and thought that it 
would be generally adopted. 

For diagrams explaining the foregoing subjects, we must refer 
our readers to our columns, to Noad’s Text-book, and to Mr 
Fleming Jenkin’s Cantor Lectures of February last. 

On the old Atlantic the speed of working was about two 
words per minute. The speed in the present cable was about 
twelve words per minute; whilst from seven to eight words 
was about the amount estimated previously to the laying of the 
cable. 

The third and concluding lecture was given upon “ Laying and 
Repairing.” With reference to coiling cables on board ship, it 
was now usual to coil them into water-tight iron tanks. The 
tanks on board the Great Eastern were three in number, and 
measured from 51 ft. Gin. to 58 ft. Gin. in diameter by 20 ft. 
6 in. deep, or, as the lecturer stated to enable the audience to 
grasp the idea of their great size, one tank would represent 
this theatre, if the circle were continued—the depth being some- 
what less than the height. In the 1865 expedition these tanks 
held 2300 knots of cable, and in 1866 they held 2700 knots. 

The shore ends of the 1865 and 1866 cables were exhibited— 
the 1865 being the ordinary cable covered with strands of larger 
wire, the 1866 being covered with large iron wires, further 
covered with asphalte by Bright and Clark’s patent. As cables 
neared the shore, where the water shallowed, and vessels 
anchored, it became necessary to make them larger to protect 
them from anchors; but, in spite of this, a shore end larger 
than those shown had been broken within the last few days off 
Lowestoft by a ship’s anchor. When a cable was coiled into a 
ship a twist was put in for every turn taken, but in uncoiling or 
taking out this twist was taken out. Were the cable to be 
coiled away so that no twist was put in, then in uncoiling there 
would appear a twist for every turn taken out. These facts 
were amply illustrated by experiment. : 

The object of using tanks was in order to ‘prevent the cable 
shifting through the rolling of the vessel, and in order to keep the 
cable under water, so that a perfect test might be kept up. 
The first tanks were used on the Malta and Alexandria cable. 

A specimen of a nasty kink was exhibited that had not 
interfered with the wires inside, as communication kad been 
carried on through it for seven years. — 

In submerging a cable the first thing used was a brake to 
restrain the cable from running out too fast. The “ brake usually 
consisted of a large drum around which the cable passed four or 
five times, a “knife” or “plough” being used to keep the 
turns from the edge of the drum and prevent the cable from over- 
riding, and a brake strap to exercise friction, so as to check io 
drum and prevent its too rapid revolution. In the old fornro 





strap one end was attached as a fixture, whilst the other was 
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connexion with a lever; the action of this was uncertain, and 
great care had to be used. Mr. Appold had invented a new 
brake, that in its action was so simple and perfect as to leave 
nothing to be desired. This plan was illustrated by diagrams 
and a small working model : a full explanation will be found in 
the Cantor Lectures. : 

In connexion with the brake, the dynamometer was used in 
order to show the actual strain upon the cable. The cable after 
it left the drum, passed under a weighted pulley before it left 
the ship. As the strain upon the cable increased, this pulley 
would be lifted and the amount of strain read off at the side. A 
rough specimen of a dynamometer was shown, as well as the 
method of marking off the strain upon the scale. : 

The angle and strain upon the cable as it left the ship was 
then entered into and explained. A catenary of 10° would have 
given a strain of ubout eighty-six tons; but, owing to various 
circumstances, the cable laid more in a straight line than in a 
catenary, so that the strain in paying out never exceeding the 
perpendicular height. The water through which the cable 
passed acted as a support, keeping the cable up. The cable fell 
slowly and with a uniform speed. If balls were dropped out of 
the ship at equal distances, it would be found that they repre- 
sented a straight line in falling, and that a line drawn from one 
would pass through all the others; the cable as it fell would be 
similar. In the Atlantic cable at a depth of two miles it would 
take three hours in sinking, and the amount of cable suspended 
would be about sixteen and a half miles. The entire amount of 
this strain could not possibly come upon the cable as it was cal- 
culated to support eleven miles only, the actual strain being 
from 12}cwt. to 14 cwt., and the angle 94° A brief history 
was given of the three expeditions; a noticeable incident in 
the 1858 being that, in paying out, the —_ wire broke from 
the tension, and signals were interrupted; but as the strain was 
taken off the parts came together again, and signals were re- 
newed. The lecturer referred to Sir C. Bright in connexion 
with that expedition, as the pioneer of the Atlantic telegraph in 
the two successful cables: the extent of cable laid was;1858 and 
1896 knots. The use of cones and rings were shown, to exem- 
plify the method of paying out to prevent cable from doing 
damage to the men and preventing “foul fakes.” The use of 
reels was also alluded to, especially that used in an expedition 
by Mr. Siemens. aie 

In grappling for a cable the water, instead of assisting, offered 
great resistance, and the actual strain in lifting the Atlantic 
would have been, when only 1 per cent. of slack was used, 
66 tons; 5 per cent., 33 tons; 10 per cent., 6} tons; and 15 per 
cent., 43 tons. Specimens of the rope and grapnel used, as also 
some of the recovered cable, were exhibited. The actual mode of 

appling, as carried out in the recovery of the 1865 cable, was 

own, as was also a plan for easing the strain in picking up; 
and finally the present plan of’ working the cable for transmit- 
ting messages was shown by two operators. __ 

To sum up, the lecturer stated that the object of the lecture 
had been to give them a history of the Atlantic cable, and of 
some of the improvements in submarine telegraphy, of which the 
most important were the imprevement of the copper conductor 
from 20 to 80 per cent.; gutta-percha had improved 12 times; 
the extra care with joints, and the new mode of testing them— 
testing cables generally by resistance—the external protection and 
the use of hemp; Appold’s brake, and finally the plan of simulta- 
neous testing whereby tests could be kept up from the ship and 
shore at the same time, the advantages of which were incal- 
culable. 

The lectures were illustrated by a series of diagrams, and a 
most interesting collection of models and actual machinery, and 
specimens of cables and scientific apparatus. The whole appeared 
to be listened to with the greatest possible attention, and at 
intervals the lecturer was much warmly applauded. 








LOCOMOTIVE ENGINES. 
To THE Epiror or ENGINEERING. 

Sm,—Permit me to correct a slight-error in date which, I 
perceive has crept into my letter of 27th ult., wkich you were 
good enongh to publish last week. 

Instead of stating that the present locomotive superintendent 
of the London and North-Western Line took charge of the whole 
of the locomotive department about seven and a half years ago, 
I believe it would have been more correct to have said that he 
took charge of the northern division at that time, and of the 
southern division subsequently, or about four years ago. 

I am, Sir, yours obediently, 
T 


December 4th, 1866. ENDER ENGINE. 








Locomotive Lirrinc AppARATus.—At the running shed 
belonging to the Great Western Railway;Company, at Padding- 
ton, Mr. Kirtley, the locomotive superintendent, has introduced 
avery simple and useful apparatus for lifting the engines by 
hydraulic power, for fhe purpose of changing the wheels. It 
consists of an iron trolly running on a short length of rails laid 
on one of the engine pits, and carrying a vertical hydraulic 
cylinder, having a plunger about 4} in. in diameter. “At the 
upper end of this plunger is placed a wrought-iron crutch, 
having two forks, which fit the axle of the wheels to be re- 
moved. The engine, prepared for lifting, having been brought 
over the pit, and the apparatus being brought under the axle to 
be lifted, the plunger is raised by forcing water into the hydrau- 
lic cylinder by means of a hand-pump provided for the purpose. 
When oneend of the engine has thus been sufficiently raised, it is 
Supported by means of a pair of hydraulic jacks, and the plunger 
of the apparatus in the pit is allowed to descend, the wheels and 
axle under which it is placed coming down with it, and being 
thus lowered on to the rails. These wheels can then be run out, 
another pair put in their place, and the engine lowered down on 
tothem. ‘The whole operation can be performed in about one- 
fourth the time necessary when the shear-legs and chain-hoist- 
ing gear was used. The apparatus is also very useful when a 
new epring has to be put in, as it can be readily brought under 
an axle and the weight taken off the springs in a few minutes. 

Lichtine WorksHors.—At Mr. Brotherhood’s works at 
Chippenham, several of the new shops are lighted at night by 
“sun lights” placed near the roof. An excellent diffused light 
3s thus obtained, which is in many respects oetter than that given 


by gas-lights as ordinarily arranged in workshops. 
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W. H. Lerevvre, Vice-President, in the Chair. 
On the Designing and Construction of Storage Reservoirs. 
By Artuur Jacos, A.B., Assoc. Inst. C.E, 

BEForE entering upon such considerations as affect the selec- 
tion of reservoir sites and their construction, a brief allusion to 
some of the most ancient works for impounding water may not 
be uninteresting. Of these the most prominent examples are 
undoubtedly to be found in Hindostan, where the magnitude 
and antiquity of the storage works cannot fail to arrest attention. 
These great works, surpassing in their immensity what are con- 
ventionally esteemed to be the wonders of the world, the produc- 
tions of other countries and nations, took their origin in the 
necessities of the people and the variableness of the climate of 
India, and were, in fact, great public works on which the 
welfare of the people mainly depended. The climate of India, 
although iegely uniform in some respects from year to year, 
is remarkably variable as regards the rainfall, and in order to 
guard against the disasters of famine and sickness, inevitably at- 
tendant on a scanty monsoon, the native princes were wont to 
make such provisions as large resources and an almost un- 
limited power enabled them, in order to obviate the difficulty 
that they had to contend with. 

The rain records of India for several years past show that 
scarcity of rain is indicated by periods of about five years, or 
that every fifth or sixth year is marked by a scanty rainfall 
over certain districts. The recurrence of these periods is of 
course not very clearly marked, but still it is sufficiently so to 
warrant, with approximate correctness, the prediction of scarcity 
and famine; and such deplorable recurrence is, as all are aware, 
now reigning in India, and visiting with destruction by sickness 
and hunger some thousands whose sole dependence is upon 4 fair 
season of rain, and the successful maturing of their little crop 
of grain. 

The natural expedient for guarding against the recurrence of 

these periodical calamities was evidently to be found in husband- 
ing a scanty supply of rain water for purposes of irrigation, and 
this the people of India appear to have understood. They took 
advantage in certain districts of every nook and ravine, whether 
large or small, and converted them into storage eres | 
throwing across banks of earth or bunds, as they are termed, 
producing, in certain districts, such an elaborate and complete 
system of irrigation as can only be compared for cost and com- 
pleteness to our railway system in England. Taking fourteen 
Sistricta in the Madras Presidency where tank irrigation was 
most generally relied upon, the records of the Indian Govern- 
ment show that there are no less than 43,000 irrigation reser- 
voirs now in effective operation, and as many as 10,000 more 
that have fallen into disuse, making a total number of 53,000 
storage works. The average length of embankment is found to be 
about half a mile, the extreme limit of the series being a dam of 
the immense length of 30 miles. This ancient reservoir, called 
the Poricary tank, is no longer in use, the cost of maintaining 
such a length of bank in adequate repair having probably been 
found disproportionate to the advantage derived from the supply. 
The work, embracing an area of storage of between 60 and 80 
square miles, remains, however, as a record of what the Hindoos 
are capable of. To quote a second example, there is the 
Veranum reservoir, now in actual operation as a source of supply, 
and yielding a net revenue of no less than 11,450/. per annum. 
The area of the tank is 35 square miles, and the storage is 
effected by a dam of 12 miles in length. In order to bring the 
immensity of this system of storage works within the reach of 
statistical minds, it has been calculated that the embankments 
contain as much earth as would serve to encircle the globe with 
a belt of 6 ft. in thickness. ‘To show that these are not singular 
examples, one other embankment of remarkable size may be 
alluded to. This embankment, of somewhat singular construc- 
tion, was built on the island of Ceylon, and bears testimony that 
the Cenghalese monarchs were not behind their neighbours in 
— spirit or enterprise. The embankment was composed of 
nuge blocks of stone strongly cemented together, and covered 
over with turf, a solid barrier of 15 miles in length, 100 ft. wide 
at base, sloping to a top width of 40 ft., and extending across the 
lower end of a spacious valley. 

Thus it will appear that the practice of embanking across 
valleys, for the purpos2 of retaining the surface water, has for 
ages been in operation. There is no doubt that the disposal of 
some of the most remarkable works in India is not what it might, 
with advantage, have been; the fact remains, however, that the 
desired end was attained, and, if the earthworks were dispropor- 
tionately extensive, it was a source of satisfaction at least for 
the projectors to know that they cost, as a general rule, little or 
nothing, the practice in those days being to press whatever 
— was required, rendering in return neniasl wages or none 
at all, 

The two main questions that it is proposed to submit for con- 
sideration are, first, the selection of a reservoir site ; and secondly, 
the leading principles to be observed in the designing and con- 
struction of storage works. 

The purpose or purposes for which the work may be required 
will, of course, affect materially the choice of a position, as well 
as the details of the structure itself; but certain general prin- 
ciples are available for our guidance in every case, after consider- 
ing which, it is proposed to dwell upon such points as apply to 
the special purposes for which reservoirs may be constructed. 

The first and perhaps the most essential point for accurate 
determination by the engineer is undoubtedly the amount of 
rainfall, both maximum and minimum, that may be expected in 
the district under examination; and having arrived at reliable 
data on this point, the next consideration will obvious! be, what 
amount may be made available, due allowance having been made 
for evaporation and absorption. When we know that the annual 
depth of rainfall taken all over the world varies, according to the 
locality, between zero and 338 in. or 28 ft. deep (which excess- 
ive amount was on one occasion registered in the hill district of 
Western India), it will be obvious how little ground there will 
be for assumption in the examination of any district hitherto 
unexplored, with regard to the question of its rainfall. In the 
examination of any given country, however, there are certain 
phenomena connected with the rainfall that will be found of 





a9 ~ aie acceptation, and may with advantage be borne 
in mind. 

The rainfall will, as a general rule, be greatest in those 
districts that are situated towards the point from which the 
prevailing winds blow. If Great Britain, for instance, be taken, 
the western districts will be found the most rainy. The very re- 
verse, however, of this phenomenon is noticed in the neighbourhood 
of mountain ran If the wind prevails from one side rather 
than from the other, it is found that the greatest rainfall is on 
the leeward side of the range, and the probable solution of the 
matter is, that the air, highly charged with moisture, is carried 
up the hills by the wind until it comes into a cold region of the 
atmosphere. Condensation of the watery vapour immediately 
takes place, and the result is a fall of rain on the side of the 
mountain range remote from the prevailing wind. 

To this cause may also be attributed the fact that the rainfall 
is always greatest in mountainous districts, while it by no means 
follows that elevated plains are more abundantly supplied with 
rain than land lying nearer to the sea level. The — are 
remarkably exemplified in the southern part of the Bombay Pre- 
sidency, where the author has had occasion to study the subject 
of rainfall, The Western Ghauts run parallel to the coast, 
rising to a height of 4500 feet above the sea, and form the 
western support of the great table-land of the Deccan, the mean 
elevation of which may be taken at 3000 feet. In the rainy 
season the south-west monsoon, blowing from the sea, impinges 
against the ghauts, and, while passing onwards to the Deccan, 
parts with its moisture to the average annual amount of 254 
inches. On a spur of mountain that runs eastward, the pluvio- 
meters are found to register but 50 inches, and about 40 miles 
further inland the rainfall is not more in some places than 15 
inches, whick is considerably less than that registered in the 
lower lying districts of the presidency. 

In civilised countries like our own much valuable information 
is usually available regarding the rainfall, if not applying actually 
to the district under examination, then probably to some neigh- 
bouring district enjoying the same physical characteristics ; but 
when any project of great importance is in contemplation, it will 
not be sufficient to take the returns of adjoining districts as 
accurate information of the rainfall at the exact locality fixed 
upon for the construction of the works. It will be necessary to 
establish rain gauges at different points over the catchment 
basin of the valley, from which it is intended to derive the su 
ply; and daily observations of these gauges must be taken for 
comparison with a series of simultaneous observations taken and 
recorded at the nearest station at which the rainfall has been 
regularly and carefully noted. It is evident that a comparison 
of the several observations, taken over the area of water-shed, 
with those registered at the permanent station, will convey a 
just estimate of the amount of maximum and minimum rainfall 
that may be relied upon. 

The amount of rain falling upon the ground is not, however, 
the point to be determined, though it will aid considerably as a 
— to the engineer. A considerable quantity of all the rain- 

all is either absorbed by the ground or evaporated, before it 
reaches the point at which it can be made available for storage. 

Regarding then, first, the question of absorption, it must 
apparent that no two districts, unless they are exactly identical 
in soil, inclination of surface, and under similar circumstances 
of cultivation, can give, on examination, the same comparative 
result of rainfall and evaporation. If one district or unit of area 
be similar to the other in all respects but the surface inclina- 
tion, that which has the greatest slope will, as a rule, give the 
largest percentage of water available for storage, because, of 
course, there will be less time for the rain to be absorbed. Again, 
the degree of cultivation will materially affect the result when 
two areas, otherwise precisely similar in their physical conforma- 
tion. come to be compared one with the other, it being evident 
that an open and well drained soil will be more favourable to the 
retention of water falling upon it than compact and impervious 
land. In every case, the physical features of a district will each 
and every one of them force itself on the attention, as in- 
fluencing the conclusion to be arrived at. If any general rule 
can be applied, it may be said that the greater the slope of the 
valley, the more rapidly it will throw surface-water off; the 
more denuded the surface is of soil of any kind, the less will the 
escape of rain-water be retarded; and the more compact the 
rocks composing the geological structure of a district, the 
better will the circumstances be for impounding water. The 
volcanic rocks and those of the granite order will be as favour- 
able as any that could be desired; while, on the other hand, 
porous rocks, such as the sandstones, chalk, &c., are too ab- 
sorbent to offer the desired conditions for storage. It is not 
here asserted that all the water absorbed by porous rocks is ne- 
cessarily intercepted from passing away, to contribute to storage 
supply; much of it may be lost by evaporation, and absorption 
by vegetables, but a considerable portion will often be found to 
contribute in the form of springs, if the disposition of the strata 
be favourable. 

As a further source of loss evaporation from the ground as 
well us from the surface of the reservoir must be taken into con- 
sideration. The ‘circumstances attending the latter source of 
loss will be considered further on, as this does not affect the 
eats of how much of the total rainfull may be made avail- 
able. 

The question how much water will be evaporated at an 
moment from the surface of land is one involved in considerable 
difficulty ; and so many disturbing elements enter into the solu- 
tion of the question, that its accurate determination may be re- 
garded as hardly possible of attainment. The hygrometric 
state of the ground’s surface, the aspect of the sky, the amount 
of wind and the temperature, will all, in their degree, exercise a 
sensible influence on the amount of water that the ground will 
give off from its surface; so that, in fact, it is doubtful whether 
any reliable and philosophically correct conclusions can be 
arrived at. The resultant facts from such experiments as have 
been carefully conducted afford, after all, the only data for the 
engineer to arrive at any general conclusion by; and for forming 
a rough estimate for the probable available rainfall of a district, 
the following proportions of available to actual rainfall may be 
accepted as furnishing general data, but they are not meant to 
obviate the necessity of a careful and specific examination of 
the traces likely to affect the design of any particular 
work: 
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In order to arrive at more specific and truly reliable results 
the engineer will have to make a series of accurate ebservations 
on the discharge of the stream or streams that carry away the 
rainfall of a district; and by doing so, and at the same time 
comparing the result with the amount of rain registered by the 

uges—which should also of course be kept with accuracy in 
the locality under examination—an approximately true esti- 
mate of the available rainfall will be arrived at. 

If there is time in the preparation of a project to make the 
necessary examination of a district, it is evident that the results 
will speak for themselves; and there will be no necessity to 
enter into abstract speculations concerning the theory of the if- 
fluences affecting loss by either evaporation or absorption. 

In proportioning the size of a storage reservoir to the area of 
the catchment basin, the engineer will, of course, in the first in- 
stance be guided by the requirements of the work. The object 
of the undertaking may be any one of the following: 

To husband a scanty rainfall. 

To check the injurious effect upon the country by floods. 

To add to the discharge of a stream by preventing the escape 
of the flood waters. 

The amount of storage will always be part of an engineer's 
data in designing works. It will either be his object to store 
the whole of the water that the drainage area will afford, 
which will be the case in impounding water for irrigation, for ex- 
ample; or a certain fixed demand, governed by the want of a 
town or other requirements, will determine the amount of the 
rainfall that it will be necessary to retain for supply. In Eng- 
land the demand for water supply may be reckoned at from 
150 to 180 days, depending on the amount and the constancy of 
the rainfall ; as a rule, the six months’ supply will be the safest 
to adopt. The following table, extracted trom Mr. Beardmore’s 
work, shows the proportions that have been observed in design- 
ing some of the best constructed reservoirs : 
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From this it appears that the proportion between the amount 
stored and the total rainfall varies between one-half and one- 
fourth. 
The rule suggested by Professor Rankine “ for estimating the 
* available capacity required in a stone reservoir, that founded 
“ upon taking into account the supply as well as the demand,” 
is probably the best that can be adopted in designing water- 
works for the supply of a town; “ for example, 180 days of the 
* excess of the daily demand above the least daily supply, as 
“ ascertained by gauging and computation in the manner above 
** described.” In order that a reservoir of the capacity “ pre- 
“ scribed by the preceding rule may be efficient, it is essential | 
“that the least available annual rainfall of the gathering 
** grounds should be sufficient to supply a year’s demand for 
“ water.” In calculating the capacity of a storage reservoir 
the consideration of the surface evaporation must not be disre- | 
garded, especially when the works are designed for tropical or | 
very dry climat The t of loss will in some cases be | 
very considerable, for whatever depth of water be assumed to | 
away into the air, it must be regarded as extending over 
the whole surface of the reservoir; or, in fact, the cubic quan- | 
tity will be equal toa product of the depth evaporated away | 
and the mean surface area of the reservoir as the water rises or | 
falls throughout the year. Some have gone the length of as- | 
serting that the amount of evaporation from the surface of large | 
and deep bodies of water is probably nothing at all, or, at any | 
rate, not worthy of consideration, whilst others assume a much 
larger amount of loss than appears to be supported by observa- | 
tions. The following extract from the article Physical Gec- | 
phy, published by the Society for Promoting Useful Know- | 
ge, expresses intelligibly the conditions that tend to promote | 
evaporation : } 
“ Other things being equal, evaporation is the more abundant, | 
“* the greater the warmth of the air above that of the evaporating | 
“body, and least of all when their temperature is the same. | 
‘Neither does much take pla 








“ it acts. Winds powerfully promote evaporation, because they 
“ bring the air into continual as well as into closer and more 
“ violent contact with the surface acted upon, and also, in the 
** case of liquids, increase, by the agitation which they occasion, 
“ the number of points of contact between the atmosphere and 
“ the liquid. 

“In the temperate zone, with a mean temperature of 52}°, 
“the annual evaporation bas been found to be between 36 and 
“37 in. At Cumana, on the coast of South America (N. lat. 
“© 103), with a mean temperature of 81.86°, it was ascertained 
“ to be more than 100 in. in the course of the year; at Guada- 
* loupe, in the West Indies, it has been observed to amount to 
“97in. The degree of evaporation very much depends upon 
‘* the difference between the quantity of vapour which the sur- 
“ rounding air is able to contain when saturated, and the quan- 
“ tity which it actually contains. M. Humboldt found that in 
“ the torrid zone the quantity of vapour contained in the air is 
“ much nearer to the point of saturation than in the temperate 
“ zone. The evaporation within the tropics, and in hot weather 
“ in temperate zones, is on this account less than might have 
“ been supposed from the increase of temperature.” 

Thus it appears that evaporation, under highly favourable 
conditions, may take = to the extent of maybe 9 ft. in depth; 
an allowance that will demand careful consideration in designing 
storage works. In India, where, from the extreme dryness of 
the atmosphere, the evaporation is found to be considerable, the 
usual allowance made by engineers for the evaporation from the 
surface of storage reservoirs is at the rate of half an inch of 
depth per diem for eight months in the year. Regarding the 
results that have been arrived at in Bombay, this allowance 
would appear to be about double what is necessary, for the ob- 
servations extending over five years give a mean daily evapora- 
tion of less than a quarter of an inch. In Bombay, however, the 
atmosphere is much more humid than that experienced on the 
great table-land of the Deccan; and in Madras, where reservoirs 
are the speciality, it is probable that the actual loss is not far 
from being a mean between the two fractions. In Great Britain 
the mean daily evaporation is found to average less than the 
tenth of an inch, 

In estimating the quantity of storage water that will result 
from the drainage of any particular district, it will be essential 
to consider carefully the geological disposition of the strata 
characterising the locality in which it is contemplated to esta- 
blish the works. This, although a matter that may influence 
the effectiveness of an undertaking to the extent of success or 
failure, may appear to the purely practical man as implying a 
degree of refinement that is uncalled for. ‘There will be no 
difficulty, however, in showing that the geological conformation 
of a district may be such as on the one hand to materially con- 
tribute to the efficiency of a storage reservoir, or on the other to 
prove so defective that no engineering skill or pecuniary outlay 
could remedy it. A condition of geological structure perhaps 
the most favourable that could be imagined is that shown in 
Fig. 1. This diagram represents a geological section taken at 
right angles, or nearly so, to the axis of the valley that it is 
proposed to convert to the purpose of storage. This somewhat 
peculiar structure is what is geologically termed synclical, the 
beds inclining away from the axis of the valley and the result 
of an upheaving force having taken place underneath the points 
of greatest elevation. Subsequent to the upheaval and conse- 
quent displacement of the strata, the process of denudation has 
taken place, cutting the upper beds and leaving the outcrop ex- 
posed, not only inside the basin, but in adjoining valleys at O 
and O. Now, it is evident that if the highest ridges bounding 
the valley be taken to line the mark of watershed, and there- 
fore limiting the area of the catchment basin, it is possible 
that the estimate of the amount of supply may be found far 
short of what the district will yield. A certain proportion of 
the rain falling upon the outcrop at the points, O O, will be ab- 
sorbed by such of the strata as are porous, and the water perco- 


lating through the bedding, till an impervious stratum is met | 


with, will find its way down the course of the stratification, till 
it ultimately reaches the reservoir in the form of springs, and 
contribute more or less to the maintenance of the supply. The 
converseof this condition of things will be readily understood 
by refernce to Fig. 2. It also represents a section taken 
directly ecross the valley of the proposed reservoir. Here the 
strata of the earth’s crust incline against each other consequent 
upon some disturbing force having taken place to elevate them 
them, and are said to be anticlinal to the axis of the valley. 
In order to account for the formation of a valley on the summit 
of the ridge, that at first was thrown up, it is to be understood 
that the upper beds suffered fracture in the process of upheaval, 
and subsequently were exposed to denudation. ‘These valleys 
of elevation are evidently not to be desired as situations for the 
establishment of storage reservoirs. The area of the gathering 
grounds will be much more limited than the extent of the water- 
shed would \appear to indicate, and cannot safely be relied upon 
to give an estimate of the quantity of water that the valley will 
afford. A certain amount of water will undoubtedly pass over 
the surface in times of heavy and continued rain, before it can 
be absorbed; but there is no doubt that, of all the water ab- 


| sorbed by the ground, by far the greater portion will follow the 


inclination of the strata, and come out as springs in the adjoin- 
ing valleys. 

Fig. 3 shows a geological section that combines in it favour- 
able and unfavourable conditions for the storage of water. On 
one side the outcrops of the strata are found to extend beyond 
the highest point of watershed line, whilst on the other side 
the strata incline away, producing such a condition as would 
favour the escape from the valley of the water absorbed. 


Certain rules are in general use for estimating the quantity of | 


the total rainfall that will be lost by absorption and evaporation, 
with a view to determining the proper proportion to be observed 
between the reservoir and the area of the catchment basin. 
Two-thirds of the whole fall is sometimes taken to represent the 
loss that may be expected from the drainage of any district, in 
general terms—one-third being assumed as the amount that may 
actually be intercepted for utilization. Some authors leave a 
much smaller margin, and state that fully two-thirds of the 
total rainfall may fairly be taken as ayailable for storage. This 
is a large discrepancy when the applicgtion of the rules is taken 
to be general; but when the statements are applied to separate 


ce whenever the atmosphere is | districts and different countries, there is nothing irreconcilable in | to be required for th 
“ more than fifteen degrees colder than the surface upon which them. General rules are undoubtedly of much value if they be | sterling. 





received with qualification, and are not adapted of absolutel 
universal application. They cannot, however, with safety be 
substituted for specific investigations when so much depends on 
starting with accurate data. 

Reservoir Sites. 

The special requirements of each particular case will, as a 
general rule, go far towards determining the selection of a site 
for the establishment of storage works. Assuming, however, 
that there is a considerable extent of country situated advan- 
tageously in relative position to the locality at which it is pro- 
posed to utilise the water, and that there is a choice of ground, 
the point to be considered chiefly will be the natural tie of the 
country. To throw an embankment across a valley at any point 
without due regard to the configuration of the ground would, 
most probably, result in an expensive and ill-designed scheme ; 
for under such circumstances the cost of the dam would bear a 
very large proportion to the quantity of water stored. It will 
rarely happen that, in the examination of the resources of any 
particular piece of country, some special features will not pre- 
sent themselves faveutahle to the situation of storage works, 
The most advantageous disposition of the ground will be when 
two spurs of high land approach each other, forming a narrow 
outlet for the stream, and leaving a wide space above them in 
the valley for storage. Such a configuration is not uncommonly 
met with at the junction of two streams, as shown in Fig. 4, 
This is merely a sketch from memory, by the author, of a 
reservoir that he designed in India for purposes of irrigation; 
and it will be evident that the disposition of the ground was 
singularly favourable in every respect for the construction of a 
large storage work. The area of the reservoir, as designed, was 
about three square miles, and the maximum depth 90 ft., the 
area of the catchment basin being about 60 square miles. 
Such favourable situations for storage are of somewhat rare oc- 
currence; for when the contour of the land is what is desirable, 
it may be that the area of watershed is not adequate, or possibly 
the geological condition of the ground may be unfavourable, or 
the materials for the construction of a sound bank are not 
available. In examining large tracts of country in India, with 
a view to the establishment of irrigation reservoirs, the author 
found that more reliance was to be placed on a careful examina- 
tion of the map in the first instance, than on the common plan 
of making personal explorations of the country. A good map 
will show at a glance, especially if the hill shading has been 
carefully engraved, the points at which the supply will be found 
sufficient to justify the undertaking, and will probably furnish a 
pretty true indication of sites at which embankments may be ad- 
vantageously constructed. 

In tropical climates, where the rainfall is in places very scanty, 
and where the land is not of great value, it not unfrequently 
happens that such situations prove available for the establish- 
ment of large storage works, as would not under any circum- 
stances be made available in England. These sites are to be 
found, not at the head of a valley, but at some considerable 
distance down the course of a stream, where, the general in- 
clination of the country being slight, a low embankment serves 
to store a very large area of water. ‘The apparent disadvantages 
of such a site for storage are the large area of land swamped 
and lost to the cultivator and to Government, and the great sur- 
face exposed to evaporation under a tropical sun and the influ- 
ence of a dry wind. In India, the first objection is one of com- 
paratively little moment, considering that in those districts 
where irrigation is most required the value of land is very 
trifling. From 1s. to 2s. is about an average rent per acre, where 
land is under dry crops; but when water is available, the culti- 
vators can, with profit, afford to pay 30s. per acre. It is there- 
fore evident that, so far as Government are concerned, there is 





no sacrifice in the matter, but, on the contrary, an unspeakable 
benefit is conferred on the landowners who hold farms below the 
| reservoir, and an ample supply of water is stored in the dryest 
seasons to mature those crops, whose failure almost inevitably 
reduces the people to the verge of starvation. The evaporation 
from these lakes is beyond question a source of very considerable 
loss, and one that admits of no possible abatement. Estimated 
as above, at about half an inch vertical for eight months in the 
year, the loss frequently amounts to one-third of the whole body 
of water stored. As a set-off against this and other objections, 
the facilities for constructing these reservoirs of great extent are 
considerable. In the first place, the embankments, being very 
low, are rapidly and cheaply constructed by native workmen; 
and when finished, the head of water, even at the deepest point, 
is not sufficient te try the work to any great extent. Further, 
the greater the extent of the reservoir the less inconvenience 1s 
experienced from silting. The streams, owing to the suddenness 
of the rainfall, come down heavily charged with earth in suspen- 
sion, the mass of which is deposited like a miniature delta at the 
inflax of the reservoir, instead of passing on and resting near 
the embankment, as invariably occurs in reservoirs of small 
extent. The immense consumption of water necessary to confer 
any appreciable benefit by irrigation is of itself the o— 
argument in favour of these broad and shallow reservoirs; for 
it is not possible to find in the upper part of a valley such sites 
as would store the requisite quantity of water, without an em- 
bankment of excessive dimensions; and, moreover, the catch- 

ment area in such situations is not usually sufficient to serve 
| with a scanty rainfall for the supply of avery iarge reservoir. 
It is not, of course, maintained that this mode of storing water 
is by any means applicable in England, for the circumstances 
and requirements in each case are wholly dissimilar. 


(To be continued.) 
ie 





River Harsour anp Rawway 1x ViENNA.—A scheme 
| for the improvement of the means of communication within the 
Austrian capital has just been accepted by the municipal 
council. It is proposed to form a spacious harbour on o 1€ 
Danube, to construct docks and wareh » and to ¢ a 
new establishment with all the railway stations and with > 
centre of the town by a circle railway passing all round the 
town, with branches, into acentral station. The new — 
is to be greatly favoured by the Austrian Government, and | 
obtain privileges and facilities which will insure its commerci 
success. It 18 proposed to find capitalists and contractors iw 
England for carrying the work into effect. The sumses' 

is object amount to about one million poon 
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MR. REED & OUR OLD WOODEN FLEET. 


On Friday, the 7th December, Mr. Reed delivered 
a lecture at the Plymouth Mechanics’ Institute on 
armour-plated ships. In regard to the past, Mr. Reed 
has been, perhaps, needlessly prolix in vindicating what 
the Admiralty has done in past years ; for few persons 
doubt that the Admiralty, with the lights which they 
had then to guide them, did wisely to build the Warrior 
fleet, and also to abridge the length in subsequent 
vessels when the inconvenience of great length in 
broadside ships had been discovered. But it is in the 
views which have reference to the future that the great 
value of Mr. Reed’s discourse lies, and every word of 
this part of it deserves to be emblazoned in letters of 
gold. If Mr. Reed’s views are permitted to have 
sway—and we do not know of any one who is likely to 
assume the responsibility of resisting their adoption— 
then is England safe at sea; for she will possess ships 
such as none other, whether in America or elsewhere, 
could hope successfully to withstand. Mr. Reed 
rejects, as Utopian, the ae gy of converting our old 
wooden fleet into iron-clads, as, indeed, so practical 
an authority could hardly fail to do, and he shows, 
first, that the conversion could not be effected at the 
estimated cost, or in the estimated time, and, secondly, 
that even if it were effected, the converted vessels 
would be practically useless from being too slow, too 
penetrable, and too weak. These objections we have 
already urged against the scheme, and we venture to 
say that they will have presented themselves as insur- 
mountable to every competent and unbiassed observer. 
But they assume a new force when impelled by Mr. 
Reed’s authority. The following are Mr. Reed’s re- 
marks upon this important subject, and they leave very 
little further to be said : 

“T have observed a strong disposition lately to en- 
courage an enormous expenditure upon the conversion 
of our existing wooden line-of-battle ships, as a means 
of multiplying the numbers of our iron-clad fleet. It 
is considered, I believe, that we might advantageously 
convert some twenty or thirty of our wooden steam 
line-of-battle ships, by cutting them down nearly to the 
water’s edge, arming them with two cr three turrets and 
heavy guns, and rigging and equipping them as sea- 
going ships. The proposal, as it came to my notice, 
was to make the decks of these ships about 33 ft. above 
the water, and fire guns from turrets over this deck, 
the gun-ports being between 4 and 5 ft. above the 
water. A short piece of the bow and stern of the ship 
is to be left standing at the ends, and the two are to 
be connected by a bridge running over the turrets. 
Now, I have carefully considered this proposal, with 
all the attention and calculation that its importance 
deserves, and I see many objections to it which deserve 
the most serious consideration before such a scheme is 
adopted. In the first place, I am at an utter loss to 
understand of what use a large sea-going ship is to 
be with gun-ports less than 5 ft. above the water—and 
as a matter of fact they would be less than 4 ft. Can 
any one who has ever been at sea at all imagine that 
guns in a turret so close to the water’s surface can be 
fought there even in moderate weather? It is simply 
impossible. Either the ports must be kept shut, and 
the ship be rendered cadens for the time, or the guns 
and interior of the turrets must be deluged by the 
sea every time the ports are opened; | even if it 
were possible to work the guns, it would be impossible 
to aim at the enemy, owing to the intervention of the 
waves. Again, these ships carry at present from 800 
to 1000 men, and as they are still to be rigged with 
large masts and spars = | a great spread of canvas, 
they will require at the very least half that number 
to work them, let us say 450. Now it is impossible to 
provide satisfactory living and sleeping accommodation 
for this large woe fn of officers and men, and stowage 
for all the coal and sea stores which would be essential 
for sea-going purposes, in the small space left when the 
ship is cut down as proposed. If the Government were 
to convert the ships, and send them to sea with the 
necessary number of men on board, the discomfort and 
disease would, I fear, be very great. Further, these 
ships are all more or less decayiug even now, and by 
the time their conversion was completed they would be 
ma worse condition, of course. Again, they are not, 
as a rule, fast ships even at present, certainly not equal 
to our first-class iron-clads by a great deal. The pro- 
_— involves, however, the sinking of them much 

eeper in the water, and thus reducing even the speed 
which they now possess. I have also made a rough 
estimate of the cost of converting these ships upon this 
i » and believe it would amount to 140,000/. per ship. 

ut let us presume that 120,000/. would cover the 
cost (and this is less than the cost of the Royal Sove- 
Telgn’s conversion, although she has armour that is not 


now shell-proof, and has not been fitted with sea-going 
1: ampanigy and let us presume that twenty-five such 
ships are converted. Then we shall have to expend 
three millions of money upon the transformation of these 
old line-of-battle ships into comparatively slow and in- 
ferior iron-clads, the whole of which together would be 
unfit, I fear, to cope with even one such ship as might 
be built new for one-sixth of the cost, viz., a ship plated 
with 15 to 16 in. of armour, carrying 22-ton guns, and 
steaming at a speed of 15 knots. It may be added 
that all these line-of-battle ships have weak and ex- 
meses sternposts and rudders, and are incapable of 

eing used securely as rams. Nor do I think that any 
argument is to be drawn from the consideration of the 
time required for converting them. The Royal Dock- 
yards, with the multiplied other works which they have 
to perform, could not convert them in many years, and 
the workmen of the large private firms possessing docks 
are accustomed now to iron-work only, and would build 
new iron ships nearly or quite as quickly as they would 
convert these. 

“There is another consideration which should not 
be lost sight of. It is usually represented that the 
engines of these ships are for the most part good and 
available, and so many of them are; some six or eight 
of them have never been used at all, but there are very 
many of them requiring repair, and you will perhaps 
be surprised to learn that the engines of twenty-two of 
these ships, into the condition of which I recently in- 
quired, require repairs amounting to an estimated sum 
of 128,000/. The new engines are susceptible of con- 
version for the ships of modern type.” 

We have only, in conclusion, to express our regret 
that any professedly scientific journal should have en- 
deavoured to vindicate the clap-trap proposal to which 
Mr. Henwood has given circulation. nama news- 
papers, of course, are easily taken in when any en- 
gineering project, however visionary, is ew re 
and, among such projectors, are habitually unable to 
distinguish between a goose and a phenix. But it 
should be the function of engineering papers to explode 
all palpable bubbles, and to guide public opinion 
atight in matters beyond popular analysis and appre- 
ciation. As, however, the opinions of the best judges 
finally sway the belief of those who are not judges at 
all, so are we convinced that the dissentients from the 
views we have put forth regarding Mr. Henwood’s 
proposal, backed as they now are by Mr. Reed’s ac- 
quiescence, and as they are sure to be by the great 
bulk of informed engineering opinion, will soon be 
very few indeed, and, to a corresponding extent, will 
the public lose confidence in those blind guides by 
whom they have been so much misled. 








THE WHITWORTH WORKS. 


Atmost every one of our large engineering works 
has some striking peculiarity of its own—a characteris- 
tic or leading feature which can be recognised as 
standing out prominently throughout the whole estab- 
lishment, and may be traced even to the character of 
every single article produced. A visit to Enfield will 
bring the copying principle, and the minute exactness 
which it is capable of giving when applied to machine 
tools, before the mind of the observer. The leading 
features which the Atlas or Cyclops Steel Works, in 
Sheffield, present are size and weight; at Messrs. Beyer, 
Peacock and Co.’s works it is order and convenience ; 
in the Hartford Iron Works, Oldham, division of 
labour ; at Messrs. Penn and Son’s, elegance and beauty 
of finish. The character of Lloyds’ Irox Works at 
Middlesboro’ is economy of production; the Dow- 
lais Iron Works, astonish by quantity of production. 
Throughout the Choriton-street Works of the Whit- 
worth Company, at Manchester, the characteristic 
element is quality of material, excellence of workman- 
ship, and the union of science and practical judgment 
in design. These three points stand prominently before 
the eye, whether we examine the powerful tools which 
are at work or in construction in the works of the 
Whitworth Company, or the tiny gauges which 
possess an accuracy measured by ten-thousandth parts 
of an inch, or a surface plate scraped to a plane, 
we would be tempted to say, mathematically true. No 
doubt, on seeing a planing-machine table, 36 ft. long, 
some 10 ft. wide, an calaling about 28 tons by itself, 
we are impressed with the extraordinary size of the 
tool of which it forms a part, but still this large table 
does not look heavy nor unwieldy. Its proportions and 
design make it appear handy and well shaped, strong 
but. graceful: When we Lon that all types of 
machines are produced in sets of six or eight of one 
pattern at a time, we cannot fail to observe the economy 
which thus arises; but, at the same time, we are con- 





vinced that economy has less to do with it than the 





superior quality obtainable from such a repetition, and 
there remains no doubt that economy would be sacrificed 
to quality wherever the two came apparently into colli- 
sion. 

About 600 self-acting machine tools are at work at 
the Chorlton-street factory. They have all been made 
at that establishment, and require the comparatively 
small number of 700 men to attend to them, and to do 
that kind of labour which cannot be carried out by 
machinery. The works have been originally laid out 
specially for tool-making; and although the manufac- 
ture of guns and projectiles has taken up a part of the 
space and power, this latter branch is at present princi- 
pally carried on in special works, and does not interfere 
with the other work. The foundry is a building of 
about 220 feet in length, and it contains a row of 

owerful pillar cranes parallel with its centre line. 
ch crane has a separate pair of high-pressure 
engines to work it, steam being supplied from a pipe 
traversing the whole building overhead, and branching 
off in the axis of each pillar. The shops for fitting up 
heavy machinery are now undergoing a considerable 
enlargement. They will be formed as a double shed 
covered by a roof in two arches, and traversed over- 
head by travelling cranes. Four pillar cranes worked 
by steam-power from the shafting passing through this 
«A complete the arrangements for the locomotion of 
the heavy masses operated upon in a 

A planing machine, capable of planing 36 ft. long 
and 7 ft. wide, is in operation; and a still larger 
machine, to plane 40 ft. long by 10 ft. wide, is now in 
course of construction, and will be set up in the works. 
The larger planing machines are placed together in one 
shop. They are all driven by screws, and have Mr. 
Whitworth’s reversing tool-holder. In spite of all 
the controversy that has taken place about both the 
screw and tool-holder, and of the theoretical and prac- 
tical objections brought forward against them, there is 
no denying that both work admirably in Mr. Whit- 
worth’s own shop. The cut upon cast iron is taken at 
a speed reaching 14 ft. per minute ; the feed is heavy, 
and yet the surface produced is smooth and even; 
there is no jarring to be observed in the tool or the 
article ; and the cuts, in two directions, show no in- 
equality to the eye. The screws have not been found 
to wear out quicker than other parts of the machines, 
so far. as the experience of twenty-four years shows. 
This is chiefly due to the great care which is bestowed 
upon the grinding of all cutting tools to an exact 
shape and with keen edges. All tools used through- 
out the works are sharpened by a special set of 
machines. This operation is conducted by a man ex- 
clusively employed for this purpose, and through whose 
hands 1700 to 1800 tools pass every week. The tools 
are all forged to size in dies, so as to have correct out- 
lines from the first. The grinding apparatus consists 
of a stone 4 ft. diameter, mounted in a strong frame, 
and revolving at the usual speed. A slide rest 1s fitted 
up parallel with the flat surface or face of the stone, 
and the tool is placed in a tool-holder fixed upon this 
slide-rest, but capable of swivelling round a centre pin. 
The tool can thereby be set against the face of the 
stone to the angle formed by either of its sides, The 
slide-rest itself is inclined against the plane surface of 
the stone to the exact angle required for the underside 
of the tool, and this angle is by these means eorrectly 
given to each tool without any attention on the part of 
the workman. The tool is traversed horizontally 
towards and from the central axis of the stone, so as 
to wear the whole surface equally and evenly all over. 
The stone remains always perfectly true, and wears less 
than if used in a less uniform and regular way. Ex- 
perience has shown that the 4 ft. stone grinding all the 
tools of these works wears only about in. in one 
year, so that, with an original thickness of 10 in. 
which is given to it, it will serve for about five or six 
years, and may then be used as a common grindstone at 
its circumference for grinding the upper faces of tools. 
For sharpening finishing tools, or rather for finishin 
their fine edges, a revolving dise of copper covered wit 
emery has been successfully brought into use. This 
disc is about 12 in. in diameter, and runs at about 300 
revolutions’ a minute. From its central part, tangen- 
tial to a circle of about 3 in. diameter, a series of 
narrow straight grooves is cut into the dise to allow 
for the escape of powder and steel removed by grind- 
ing. The tools are first sharpened upon the grind- 
stone, and then the last finish is given to’ the edgeby 
this polishing apparatus. The lathes, almost without 
exception, are upon Mr. Whitworth’s well-known 
duplex principle, having separate front and back tools, 
acting together. The articles are forced on and off the 
mandrils by hydraulic process, no blow being allowed 
to be struck upon any lathe mandril, as that might in- 
jure the accuracy of this important port of the lathe 
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The beds are of unusual strength and weight. It has 
been generally considered good practice to make the 
width of the bed equal to the height of centres in a 
slide lathe, and many makers still adhere to that rule. 
Mr. Whitworth’s lathes are much broader, the face of 
bed for a 12 in. lathe, for instance, measures 21 in. in 
breadth, and the other dimensions are in proportion. 
A new type of lathes, with a fixed gap in the bed, has 
been recently brought into use at these works. The gap 
does not, as usual, require to be covered over for 
siding, but the carriage is so wide as to allow the tool 
slide to come up to the face plate when the carriage 
itself has poor ds at the end of the bed in front of the 
gap. ‘The so-called compound tool, which is now 
coming into great favour with engineers, has been also 
introduced. The body of the tool is made of wrought 
iron, and a small bit of steel fixed to it so as to form 
the cutting point. The pieces of steel are of a triangu- 
lar section, which is more convenient for fastening and 
for grinding than the round tool bits used by some 
engineers. Another useful speciality of tools is the 
ae drill. This is different from what is gene- 
rally known as the expanding bits or drills which can 
be adjusted for boring holes of different diameters. 
The expanding drills in useat the Chorlton-street Works 
are intended to bore only one size of hole each, but 
they have a wedge-shaped piece of steel inserted be- 
tween the two points of the drill, which can be ad- 
justed ina slot by a set screw. The wedge slightly 
springs the two drill points when screwed down between 
them, and brings them up to the exact distance re- 
uired when the width has been reduced by abrasion. 
+ arn the boring-machines, some of the most useful 
are those for boring holes in large machine-framings, 
and similar articles of considerable size requiring holes 
to be bored of different sizes and in very different 
directions. The machines used for this purpose consist 
of a heavy bed grooved in two directions for fastening 
the article operated upon. To this bed boring head- 
stocks can be fastened and traversed in any place and 
position required for the direction of the hole, and 
they can be set to work a number at the same time, if 
required. The position of the holes is generally fixed 
by templates, which serve as guides for the boring bar. 
Amongst the slotting machines there is one for cutting 
the key grooves in wheels and pulleys, which has a 
multiple cutter, and finishes the groove at one stroke 
of the bar. The cutter consists of a straight cylinder 
of steel turned and finished to the exact size of the 
bore of wheel or pulley operated upon. At distances 
of about one inch are set a series of small projecting 
cutters, each of the exact width of groove required, 
and each projecting slightly beyond the front edge of 
the preceding cutter. For every down stroke of the 
slotting bar, each cutter in succession takes off the 
quantity of metal within its reach, so that the groove 
is left fished after the last cutter has passed through. 
It takes a great deal of time and attention to set those 
multiple cutters, and it requires another bar for each 
size of hole ; but, with the tools once‘properly arranged, 
the working of this machine is very economical in 
time and power, and the work produced is of excellent 
finish. The milling machine, although favourably 
spoken of, is not extensively used in the Whitworth 

ompany’s works. It is applied to the wheel-cutting 
machine and to the nut-shaping machines only. There 
is, however, a machine of very large size upon the 
principle of revolving cutters in construction at pre- 
sent for a firm in France. This machine is intended 
for dressing armour plates, and will, in all probability, 
be the largest milling tool in the world. We hope to 
describe this interesting machine more fully at a future 
time. The system of manufacturing machine tools in 
sets of several machines from the same patterns at a 
time, and of keeping complete assortments in store so 
as to be ready for delivery whenever ordered, is the 
reverse of what is the more usual practice with other 
toolmakers. Its advantages are obvious. It is only 
too well known that engineers’ tools are rarely ordered 
before there is an immediate and pressing need for 
them, and that immediate delivery is gladly paid for at 
an increased rate. It is also clear that machines can 
be more economically mace in sets than singly; but the 
keeping of an assortment of tools requires a very large 
capital, a world-wide reputation, and an extensive busi- 
ness. The stock of finished tools in the stores of the 
Whitworth Company has an average value of 20,0004. 
The statistics of sales from this stock show a surprising 
regularity. There is not more than one machine at pre- 
sent in store older than twelve months, and the average 
time of keeping machines in stock does not reach six 
months. The same regularity does not exist with the spe- 
cial classes of machines ordered. Some years there isa 
run upon drilling-machines, another time upon slot- 





ting-machines or other tools, very probably caused by 
new kinds of work springing up or getting into 
fashion, which require more work of a special nature 
to be done to them. Just now, when engineers begin 
to specify drilled holes in girders, bridge work, and 
boiler work, it is natural that radial drilling-machines 
should be in request, and the fact is that there were 
more machines of that kind ordered last year than in 
any two preceding years added together. Irregulari- 
ties of this kind, however, do not affect the value and 
extent of the general stock, as new machines are made 
according to the classes of tools which are removed 
from the store. Each machine before leaving the 
establishment is carefully tried by being set in motion, 
and the correctness of all movements tested with gauges. 
For trying a lathe, for instance, a cylindrical bar, of the 
whole length the bed will admit, is fixed between the 
centres. Both ends of the bar are carefully turned to 
gauge and case-hardened. The tool fitted into the slide- 
rest is traversed along this bar, which revolves in the 
lathe, and its action upon the the hardened collars must 
prove equal at both ends and throughout the entire 
circumference, in proof of the straight line of the bed, 
the true shape of the mandril, and of the exact paral- 
lelism of the axis of rotation with the line of traverse 
given to the carriage. In order not to underrate the 
value of this hair-splitting demand for accuracy, it 
must be remembered that the work produced by each 
machine tool is always a copy from some of its own com- 
ponent parts. Every inaccuracy in these parts is there- 
fore repeated, and often exaggerated, in every single 
article produced by the machine, and it is therefore to 
the conscientiousness of tool-makers and to the means 
provided for insuring accuracy that the whole mechani- 
cal world must look for the quality, precision, and 
beauty of every article sochesell 








THE RAIL MILL AT SWINDON. 

In the account of the Great Western Railway works 
at Swindon, last week, we mentioned that these works 
included a somewhat extensive rail mill. This rail 
mill may in fact be said to constitute an indepen- 
dent establishment. It includes amongst its head 
one 4 ton Rigby hammer and one Naysmyth hammer, 
these being employed in working up the puddled 
balls and slabs for the rail piles, one set of slab 
rolls and two sets of rail + x besides all the ne- 
The rail 


cessary puddling and heating furnaces. 
piles are built up so that that part of each which will 
form the main body of the rails is made up of old rails 
reworked, whilst those parts which will become the 
wearing surfaces of the heads are composed of slabs 


specially prepared for the purpose. The iron from 
which these slabs are made is almost entirely hard 
cold-blast Shropshire iron with a very small admixture 
of Welsh. It is puddled on the establishment, and 
worked up under the steam-hammers already men- 
tioned. The Shropshire iron used costs about 4/. 10s. 
per ton, and the old rails are charged to the mill at 
3/. 10s. per ton, whilst the cost of the new rails finished 
is about 6/. 15s. per ton. From 335 to 340 tons of 
rails are turned out per week, these rails being partly 
of the double-headed and partly of the bridge section. 
At present, iron rails only are turned out at the mill 
at Swindon, but we should think that eventually the 
manufacture of steel rails must be taken up there. 
When the North Metropolitan line, from Southall to 
the Victoria Docks, is constructed and opened, there 
can be no doubt but that there will be a great increase 
in the transportation of coal from South Wales, and 
the heavy traffic thus brought over the Great Western 
Railway will render the employment of steel rails as 
necessary as it has become on our other main lines. 








SkILLED LaBour in America.—Mr. Wells, a Pittsburgh 
steel-maker, has lately stated publicly that the further extension 
of the iron manufacture in Pennsylvania was actually a 
because of the scarcity of skilled labour. The want of this no 
amount of capital could compensate for. He = some inte- 
resting facts relative to the main feature of one kind of steel. In 
making this, it was necessary that the workmen should not only 
be able to distinguish the crucible as it stood on the furnace, but 
also to remove the lid of the crucible and examine its contents. 
English workmen skilled in this were the only ones who could 
do the work, and it had become necessary to “ import” them for 
this purpose. One manufacturer in Pennsylvania had told Mr. 
Wells that, after persevering efforts, he had got so far as to be 
able to see the crucible in the furnace, but he could go no further 
than that, and he had been able to train but a single American 
to examine the contents of the crucible itself. In England, the 
workmen had formed guilds to prevent any of those who could 
perform this work frém going to America. Mr. Wells added 
that he might state very many other interesting facts, but he 
did not think it right to anticipate further the report he expected 
to make to Congress at its next session. 





COMMUNICATIONS IN INDIA. 
No. IV.—Navicaste Rivers anp Canats. 


Peruars ip no country in the world has river nayj- 
gation been carried to so great an extent as in America, 
The Americans, with their usual sharpness of percep- 
tion, have not been slow to turn the natural capabilities 
of their rivers to account ; they early understood the 
importance of connecting their magnificent systems of 
internal navigation with one another, and with those 
points on the Atlantic coast which, from their natural 
advantages, had become important centres of trade, 
Mr. Ellet, in his remarkable work on the Mississippi, 
observed that “it seemed to be a rule in the natural 
* economy that countries remote from the ocean shall 

have outlets through great rivers of slow descent— 

rivers which serve primarily for their drainage, but 
so formed that they may be used, in the progress of 
time, for the highways of civilisation. The plains 
of China are thus supplied with the Amour, and 

Russia with the Volga; Germany has the Danube; 

and Brazil and the States each have the Andes, the 

Amazon, Orinoco, and La Plata; all rivers of gentle 

descent leading far into the interior, and all adjusted 
“ for navigation.” India can in nowise be considered 
an exception to this general rule, for she possesses, as 
stated in our previous article on this subject ; many 
rivers naturally suited to the purposes of navigation, 
but in several points the rivers in tadia cannot, In this 
respect, be fairly compared with the rivers of America. 
In the latter country, the principal rivers in most of 
the districts of the United States are deep, of an 
equitable and convenient breadth, smooth oad of easy 
ascent, having generally a current not exceeding two 
miles per hour. Fuel is everywhere abundant and 
cheap. Material and talent of every kind—iron, tim- 
ber, artificers, and engineers—plentiful in all the great 
towns of the Union; and there is everywhere the 
grand stimulus of extensive employment. The chief 
source of profit in that country appears to arise from 
passengers, but in India this item of receipt is of com- 
paratively little value, the difference of habit, as 
much, perhaps, as the heat of climate, acting as a bar 
to the close-packed mode of travelling which prevails 
in other parts of the world. Everything there is dif. 
ferent : the rivers are shallow or impetuous, according 
to the season; material of every sort is imported; 
fuel must be carried for many days, and provided at 
distant stations ; in short, the physical or characteristics 
of the rivers in the two countries, and of their sources 
of supplies, are so different that comparison between 
them cannot fairly be drawn otherwise than by con- 
trast. 

The great desideratum for India is not so much 
rapid transport as cheap transport. In that country 
the extreme distance that quail must be carried to 
reach the port is, according to Sir Arthur Cotton’s 
calculation, 1200 miles, whilst in England it is only 
about 60 miles. The average distance that exports 
and imports are carried in India may be 250 miles, or 
six times as far asin England; and combining this 
with the cost, there is thirty-six times as heavy a 
charge upon transit there as in England. Again, the 
average value of the commodities moved in India is far 
below that of England, and thence arises the necessity 
for opening up; as far as possible, the existing means 
of Ae oe navigation. Sir Arthur Cotton, in his little 
work entitled “Public Works in India,” states that 
upon the whole the opening and the improvements of 
the rivers of India would provide, perhaps, the 
cheapest possible carriage for half the traffic of India 
with a fair speed, and produce an advantage in money 
of at least ten millions sterling, and more likely to a 
much greater amount. Reckoning that so large a sum 
as 2000 rupees a mile were expended on this (chiefly 
in storing water in reservoirs during the monsoon 
rains, for the purpose of supplying the rivers in the 
dry seasons), the total expense for every 5000 miles 
would be 100 lacs, or one million sterling. “ What 
other means of improving the country,” that officer 
asks, “could pensilily be compared with this?” Ex- 
cepting in irrigation, no opening for the employment 
of capital equal to this could possibly be found, nor one 
that would produce one quarter of these results. 
When the rivers are thus turned to account, the next 
question is whether, on any lines, canals could not, be 
constructed so as to give still the cheapest possible 
lines of transit. 

Although experiments were, at an early date, made 
with the view of ascertaining the practicability of the 
rivers of India for steam navigation, little or nothing 
appears to have been at that time attempted with the 
view of effecting improvements in their channels; i2- 
deed, the construction of navigable canals seems first 
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to have been undertaken, probably because a constant 
depth of water could more easily be maintained in them 
than in the rivers, whilst, at the same time, they served 
also for the purposes ofirrigation. From Parliamentary 
paper, No. 92, of 1859, it appears that great progress 
was made in the extension of the latter class of works 
between the years 1848 and 1858, during which period 
850 miles of navigable canals were excavated at a total 
cost of 28,79,671 rupees, being at the rate of nearly 
3388 rupees, or 339/., per mile. Of this extent of 
canal 512 miles were in the Madras Presidency, 224 in 
Scinde, 12 in Bengal, and 102 in the Tenasserim and 
Martaban Provinces. 

A great water highway between Calcutta and 
Assam and the North-Western Provinces is main- 
tained on the rivers Brahmapootra and Ganges, com- 
munication with the sea being effected by one or other 
of the off-shoots from those rivers which fall into the 
Bay of Bengal. Access at all seasons for any consider- 
able craft can be obtained only through the continuous 
channel of the Megna and Podda, or through the 
Chundna. During the dry season, neither the Bhau- 

iruttee nor the Jellinghee, forming by their junction 
the Hooghly, is navigable by craft drawing above 18 in. 
of water, and at that period the communication by 
water with the sea is maintained by a circuitous route 
called the Soonderbund passage, opening into the 
Chundna. In the year 1855 an inland steam depart- 
ment was formed by the Government of India, which 
was placed under the control of the clerk of the 
Government Boat Office, and in that year seventeen 
regular trips were made to Allahabad and back, twenty- 
six extra trips to intermediate stations, and eight trips, 
up and down, on the Assam line. The fleet consisted 
of five steamers and the same number of flats; the 
strength of this flotilla was varied from year to year, 
until 1862-63, when it was in great part abolished, and 
the field given up to private enterprise. 

During the j aod mutiny advantage was taken of 
the navigability of the Gogra river to push up steam- 
boats in support of military operations. In June, 
1859, regular steam communication was opened be- 
tween Dinapore and Fyzabad, and in the following 
December a direct line was opened between Calcutta 
and Fyzabad, which led, in 1862, to the commence- 
ment of a regular line of steamers on that route by the 
India General Steam Navigation Company. 

In 1855 the Ganges Canal was first used for general 
traffic, and in 1857, of the two hundred and two boats 
belonging to Government on that canal } parm to 
the outbreak, ninety were entirely destroyed and forty- 
two others rendered unserviceable, and so, on the re- 

storation of order, recourse was obliged to be had to 
rivate tonnage. During the disastrous famine in the 

Yorth-Western Provinces during 1860-61, this line of 
communication rendered important services in the 
transport of grain from the Lower Provinces to feed 
the starving community. In the Lower Provinces a 
continuously increasing traffic is carried on the Cal- 
cutta and Circular Canals, which serve the purposes, 
to some extent, of a metropolitan railway, running as 
they do in and about Calcutta, and forming connexions 
between the Hooghly and the Soonderbunds. 

A description has already been given in_ these 
columns of the operations in progress for opening up 
the Godavery River to navigation (vide ENGINEERING, 
vol. i., pages 265 and 359). It does not appear that 
there is, at present, any country-boat traffic on that 
river, the oly floating thing usually seen being an 
occasional canoe, formed from the hollowed trunk of a 
teak-tree, paddled by a fisherman of the lowest caste, 
and plying from one village to another. Inland navi- 
gation is carried on by means of the East Coast Canal 
for a distance of 110 miles from Sadras northwards, 
and some progress has now been made with the con- 
tinuation of it in the Nellore district. The canals in- 
tersecting the deltas of the Godavery and Kistnah 
furnish excellent means of communication between 
those districts and the ports of Masulipatam and 
Nizampatam. The delta of the Godavery was the 
storehouse from which grain was supplied between 
July and December, 1858, to meet the demands of 
the country, which the southern markets, from the 
universal ey of rain and the failure of the crops 
m Tanjore, could not satisfy ; and it was in transport- 
ing these supplies to a distance of fifty miles that the 
tanals of the district were called into operation, and a 
saving effected to the population of 10,30,000 rupees. 
But a very small amount of traffic appears to be carried 
onon the irrigation canals from the Cauvery and Cole- 
toon, the revenue derived from the boats so employed 
amounting to the insignificant sum of about 2000/. 
a year, 

The valley of the Indus forms the great highway for 





the export trade of the Punjab, with which it is also 
fed by the rivers Jhelum, Chenab, Ravee, Beas, and 
Sutle). The native boats, by which this traffic was 
formerly exclusively carried, manage to pass down 
from the northern marts at all seasons. By them the 
voyage from Lahore to Kurrachee can, under favourable 
circumstances, be poeaes in thirty-five days ; but it 
might last six weeks, whilst the return trip occasion- 
ally takes as long as fifteen weeks. Formerly the 
Bombay Government possessed an Indus steam flotilla, 
which plied regularly between Kurrachee and Mool- 
tan. These vessels, , Sa 1857, were almost essential 
to the existence of British rule in the Punjab; for 
when intercourse with the rest of India was cut off, 
they were the sole available means of communication 
with the seaboard, and they took up reinforcements to 
the army, military stores, and treasure. In 1861 the 
Government flotilla was broken up, and was succeeded 
by the steamers belonging to the railway company and 
the Inland Navigation Company. In 1858 steamers 
of light draught and great power, tugging behind 
them several barges at a time, made their appearance 
on this river, under the auspices of the Oriental Inland 
Steam Navigation Company,’and in the following year 
six steamers were launched belonging to the Sindh 
Railway Company. The Indus Steam Flotilla Com- 
pany now keep up a regular bi-monthly communica- 
tion between Kotree and Mooltan, a distance of 570 
miles; the fleet now consists of eight steamers for 
passengers and cargo, and four tug-steamers for cargoes, 
with sixteen accommodation and other barges. Another 
tug-steamer, built in this country, has recently been 

ut up at Keeamaree, and four large steamers are now 
im the hands of Messrs. Laird, Messrs. Napier, and 
Messrs. Samuda. 

In Pegu, where there is a delta of about 10,000 
square miles, intersected by creeks in every direction, 
and a large navigable river running through its whole 
length, a steam flotilla has proved of the utmost im- 

ortance, first of all in the operations which resulted 
in the annexation of Burmah to the British possessions 
in the East, and subsequently in the conveyance of 
troops, stores, passengers, and mails between Rangoon 
and the stations on the river. A Government flotilla 
regularly plied between Rangoon and Meeaday, con- 
sisting, in 7°55, of six steamers and six flats; the 
number of steamers was, however, from time to time 
eeeey reduced, and, at the close of the year 1863-4, 
the remaining vessels attached to the Irrawadd 
flotilla were sold, and a contract entered into with 
Messrs. Todd, Findlay, and Co., of Rangoon, for the 
conveyance of Government stores, troops, and pas- 
sengers on the Irrawaddy for five years. 

In the Tenasserin and Martaban Provinces there 
exists, during the wet season, a line of internal com- 
munication, for small native boats, between the Salween 
and Sittang rivers, v’@ the Binbing and Kyouk-tsa-reet 
streams. ‘The post-office communication from Eastern 
Bengal to Arracan is also conveyed by boats to all 
places south of Akyab, to which point the mails are 
conveyed from Calcutta by steamers fortnightly. 

Having now noticed some of the more important 
lines upon which water communication is carried on 
in India, we shall conclude the present article by a 
brief notice of the several steam companies by whose 
vessels that communication is principally maintained. 

Communication between the jr parts on the 
coast of India, including Ceylon and China, is carried 
on, so far as the principal ports are concerned, by 
eighteen steam vessels belonging to the Peninsular and 
Oriental Steam Navigation Company, and fifteen 
steamers of the Messageries Impériales. All the inter- 
mediate places along the coast between Kurrachee and 
Calcutta, including the principal ports, are commer- 
cially connected by the services of four steam com- 
panies, viz.: the British India Steam Navigation Com- 

any, which possesses a fleet of twenty vessels, ranging 
rom 350 to 1500 tons burden, with engines of from 
80 to 350 horse power; the India General Steam 
Navigation Company, with nine steamers of from 80 to 
150 horse power, and twenty-one flats of from 80 to 
500 tons; the Bombay and Bengal Steamship Com- 
any, with eight steamers from 850 to 1473 tons 
urden; and the Bombay Coast and River Steam 
Navigation Company, which possesses eleven steamers, 
from 131 to 750 tons burden, and from 40 to 140 


‘ In addition be ag wig bagee is the Pm Ship 
ompany, established for the purpose of purchasi 
and pad vessels and prvi cas. gen trading in the 
Indian and China seas, possessing at present six 
steamers. The vessels navigating the Indus and the 
Punjab rivers have already been referred to, and to 
complete the list may be mentioned the Ganges Steam 
Navigation Company and the Commercial Navigation 
Company of India, oth of which are at present in 
course of liquidation. 








BIRKENHEAD WATER SUPPLY. 


Ur to the year 1862, the townships of Birkenhead 
and Claughton, containing 6757 dwelling houses and a 
population numbering 42,500, was solely dependent 
for its water supply on the Spring Hil well. The 
diminishing produce from this source, and the gradually 
increasing population of the districts dependent upon 
it, led to the sinking of another well at Flaybrick-hill, 
which, for the time, provided an adequate amount for 
the requirements of the town ; looking to the future, 
however, it can no longer be doubted that the present 
sources are not calculated to maintain a suflicient 
supply for any length of time, and it has therefore been 
determined to obtain from Parliament, at the ensuing 
session, powers to increase the present supplies by 
sinking another well in the parish of Bidston, near the 
bridge carrying the road leading from Birkenhead to 
Upton, over the stream known as the Fender, from 
which it is expected -that an additional 1,500,000 
gallons per day will be obtained. 

Previous to the year 1858, the yield of the Spring- 
hill well, then in the hands of a private company, is 
stated to have been about 500,000 gallons aday. The 
waterworks were then purchased by the Birkenhead 
Commissioners, and, in order to increase the supply, a 
new well was sunk, and bearings made fromthe bottom of 
both that and the old well to a considerable depth in 
the (new red sandstone; extra steam power was put 
down, and the quantity of water raised was increased to 
1,500,000 gallons per day. For two years the supply to 
the well was pretty regularly maintained ; but after July 
1860 the diminution became so rapid that it was 
thought unwise to rely any longer upon that well alone 
for a full supply to the town, the weekly pumpings 
during the succeeding six months averaging 6,146,828 
gallons, or 1,024,471 gallons per day, which was clearly 
ascertained to be beyond the then yield of the well. It 
was not thought advisable to attempt to increase the 
supply of the Spring-hill well, as it was too close to 
other wells then being constructed by the Wirral Water 
Company and the Tranmere Local Board of Health, 
and it was accordingly determined to sink a new well 
on the top of Flaybrick-hill, a distance of about 
two miles from the old well; and that, being the highest 
spot in Claughton, was also fixed on as as the best site 
for a reservoir, from which water could be supplied by 
gravitation to the highest houses in Claughton. 

The depth of the well at Flaybrick-hill is 205 ft. 
below the surface, and about 33 ft. below the Old 
Dock Sill, at Liverpool : from this a supply was obtained 
amounting to about 300,000 ‘gallons in twenty-four 
hours. From the bottom of the well a heading was 
subsequently driven, measuring 6 ft. by 4ft. 6 in., for 
a length of 100 yards across a fault in the sandstone 
rock, passing to the east of the well; before reaching 
the fault, the increased supply amounted to about 1000 
gallons for each lineal foot of driftway, and on cutting 
the fault a large additional quantity of water was ob- 
tained, doubling the previous amount and making the 
total daily quantity 800,090 gallons. Further bori 
are to be carried out at this spot with the view of still 
further increasing the quantity of water obtainable 
from this source; but it is not expected that more 
than 3,000,000 gallons per week will be thus obtained, 
an amount equivalent to the supply of about 13,000 
persons at the present rate of consumption. The pre- 
sent supply, being the whole at the command of the 
commissioners, is about 12,000,000 gallons per week, 
or at the rate of 37 gallons per head per day, if the 
water be delivered for six days of the week only ; with 
the anticipated addition that will be obtained by the 
fresh borings, there will be sufficient for the supply of 
67,000 persons at the same rate, and that is the 
number which it is expected the town will contain in 


horse power. Communication between Calcutta and | 1870 


the North-Western Provinces and Assam is kept up 
by steamers on the Ganges and Brahmapootra, belong- 
ing to the following companies, viz.: the Bengal River 
Steam Company, with four steamers and nine flats; 
the River Steamer Company, with five steamers and 
eleven flats; and Apcar and Company’s fleet, consist- 
ing of six steam vessels. 





Mr. J. F. Bateman, the consulting engineer to the 
Birkenhead Commissioners, in a letter ‘to the Gas and 
Water Committee, of 25th October last, with refer- 
ence to the best means for obtaining an increased water 
supply for the town, submitted certain recommenda- 
tions, of which the following are the principal points. 

The knowledge now possessed of the probable quan- 
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tity of water which may be yielded by wells sunk into 
the new red sandstone at Birkenhead will afford a 
retty safe guide in any calculations which may now 
Be made. ‘The experience obtained at Flaybrick-hill 
has proved two things—one, that the soft red sand- 
stone is so easily and freely permeable, that scarcely 
any water is met with until the shaft reaches the level 
of the sea; and the second, that the faults which 
traverse this formation interpose water-tight bar- 
riers to a greater extent than was previously appre- 
hended. Now a similar fault to that which was 
cut in the heading at Flaybrick-hill runs along the 
ridge of Bidston-hill, a short distance to the west 
of the Flaybrick-hill well; and it is probable that an 
additional quantity of water might be obtained by 
driving a heading to the fractured rock which will no 
doubt accompany this fault. Such a work would, 
however, during its execution, be a serious interference 
with the supply of water to the town from that well; 
and it would, therefore, probably be better to sink a 
new well in a favourable position at some convenient 
lace in the scidienteed. Mr. Bateman, after care- 
fully considering the geological condition of the 
district, and the position of the various faults which 
traverse it, now recommends the sinking of a well by 
the side of the Fender, close to the road between 
Flaybrick-hill and Upton, at the point selected by Mr. 
Hawksley for the Birkenhead District Gas and Water 
Company, in the year 1856, and to pump the water 
from thence to the reservoir at the highest point 
on Bidston-hill, at or near the site selected by that 
gentleman at that time. The well itself will be sunk 
in the soft rock; and, inasmuch as the lead of the 
ground is only about 40 ft. above the level of the sea, 
the cost of the shafts and pump work will be much 
less than was incurred at Flaybrick-hill, the total 
outlay on which works had amounted, in August last, 
to 40,424/. This proposed site is only one mile from 
the Flaybrick-hill well; but the Bidston-hill fault in- 
tervening between the two will, it is expected, prevent 
pumping at one well interfering with the supply at the 
other. ‘The water from the suggested well may be 
pumped at once into the existing reservoir at Flaybrick- 
hill, and be made to communicate there with the pipes 
which supply the town, and the reservoir on Bidston- 
hill will give an additional pressure of some 50 ft. for 
the supply of the buildings on the highest portion of 
the district. The cost of the pumping-station in this 
position, a reservoir on Bidston-hill, and the piping 
from the pumping-station to this reservoir and the 
Flaybrick-hill reservoir, is estimated to cost about 
25,0002. 


GREAT WESTERN LOCOMOTIVES. 

WE gave, in our last number, a general description 
of the works of the Great Western Railway Com- 
any, at Swindon, and we intend now to give a 
few notes respecting the engines in course of con- 
struction there. The new engines at present in 
hand are narrow-gauge goods engines, having six 
coupled 5 ft. wheels and cylinders 17 in. in diameter 
by 24in. stroke. Of these engines, as well as of 
some fine narrow-gauge express engines recently built 
by Mr. Armstrong, we propose shortly to publish 
engravings in this paper, and we shall therefore at 
present confine ourselves more to an account of their 
details of construction than of their arrangement. 

The boilers are butt jointed, and have outside covering 
strips for the transverse, and inside and outside strips 
for the longitudinal joints, All the seams are single 
rivetted. The barrels are 4 ft. 2 in. in diameter, and are 
made of ,% in. plates, planed at the edges, so that they 
make a thoroughly good joint. The covering strips for 
the transverse joits are welded up into rings and 
shrunk on their places; and the outside strips for the 
longitudinal joints are thinned down at the ends, and 
the latter are placed under the transverse strips. 
The thickness of the outside strips for the longitudinal 
joints is, we believe, fin., and that of the inside 
strips ,;in. All plates and strips are —— to 
templates, and gauges are provided for all the principal 
dimensions of the boilers, \o that they may be uniform 
in size. The boilers of which we have just being 
speaking have the firebox casings flush with the barrels, 
and as, in such boilers, the flat places which occur on 
each side about the level of the centre line of the 
barrel, where the latter joins the firebox casing, are 
generally weak points, Mr. Armstrong has strengthened 
them by strong T-irons rivetted on internally. The 
boilers of the passenger and goods engines are of 
identical dimensions. Each boiler, after it has received 
its mountings, is taken out of the shop in which it is fitted 
up, and steam got up in it to a low pressure. It is then 





filled up with water and tested, whilst still warm, by 
hydraulic pressure, the pressure applied being 200 |b. 
per square inch, A small fire is kept in the boiler 
whilst it is being tested, and it is frequently found that 
the expansion of the water caused by this fire is suffi- 
cient to get up the testing pressure without pumping. 
After a boiler has been tested, it is, if all right, a 2 
to be put into the frame, and it is accordingly taken 
into the shop again for that purpose. 

In the smith’s shop the practice of forging in 
dies is carried out as much as possible, and cheap- 
ness of production is a necessary result. Amongst 
the articles thus forged we noticed, on the occasion 
of our visit to the works, a number of outside 
cranks for some of Mr. Armstrong’s new goods 
engines, which were an exceedingly fine job. ‘The 
crank arm, boss, and pin were formed in one 
piece without weld, “a the forgings were parti- 
cularly clean, so that the machine work required to 
finish them was by no means heavy. Crossheads, 
wheel-spokes, the various parts of link motion, and 
numerous small details of both engine and carriage 
stock are also forged in dies, and the use of the latter 
is being daily extended. Connecting and coupling 
rods are each forged in a single piece without weld— 
an excellent plan which is now becoming generally 
adopted at the best locomotive establishments. 

For piston packing Mr. Armstrong is using Rams- 
bottom’s rings; the guide-bars are made of steel, 
and the slide-blocks of cast iron, with recesses 
filled in with white metal. The boxes for the 
driving and coupled axles are of brass, with white- 
metal lining, and the rubbing-pieces, or axle-box 
guides, are in some cases of steel, and in others of 
wrought iron. The rubbing-pieces are made with a 
deep flange, and are carried round over the axle-boxes, 
so as to strengthen the frame. The wrought-iron ones 
are made of T iron, bent round to the proper shape, 
the flange being, of course, cut at alk corner, to 
allow the bend to be made, and pieces being after- 
wards welded in to make it good. The axle-box 
guides are made without adjusting wedges. The slide 
valves are made of brass, and their faces have a 
number of holes drilled in them and filled up with 
white metal. The holes are slightly undercut, so as to 
retain the white metal in them, and it is further 
secured by spreading it by hammering after it is in its 
place. All the link motion is forged of the best Low- 
moor scrap, and thoroughly case-hardened. As we 
have already stated, the various parts are almost all 
forged between dies under the steam-hammer ; and we 
may mention here, that in the case of the expansion 
link, not only is the outside so shaped, but the slot is 
punched out also. Parts of valve gear and similar 
articles frequently warp during the process of case- 
hardening ; and at Swindon one man is constantly em- 
jloyed in removing the distortion thus occasioned. 
rhe articles to be set, or straightened, are warmed by 
a gas jet, and are then subjected to the action of a 
small screw-press, the article to be acted upon being 
suitably supported beneath the screw and the pressure 
— at any desired point. 

n all cases it has been Mr. Armstrong’s object to 
make the details of the various classes of engines ex- 
changeable in as many cases as possible. Thus, in the 
case of the narrow-gauge goods and express engines 
which we have already mentioned, the boilers, connect- 
ing-rods, pistons, crossheads, valve-gear, boiler-mount- 
ings, and many other details are of the same form and 
dimensions in the two classes, and very many of them 
are applicable to other classes as well. A system of 
this kind has many advantages, and, amongst others, 
it materially reduces the cost of production. Thus the 
cost of each narrow-gauge goods engine and tender 
has been already brought down to less than 2000/., 
and we believe a further reduction is anticipated, so 
that ultimately the cost will not greatly exceed that 
of the London and North-Western goods engines 
mentioned by our correspondent “Tender Engine” in 
his letter, the week before last. 





Tne Forests or Potanp.—Prussian commerce has been 
occupying itself a good deal of late with the improvement of the 
navigable streams which put the Vistula in communication with 
the Netze and the Oder, and form a precious outlet for the 
timber of Poland. Many years since, a conference of Stettin 
merchants was held at Bromberg, to deliberate on the extension 
proposed to be given to works of canalisation, which were first 
undertaken in this part of Europe by Frederick the Great. 
Since then the interest of the question has only increased in pro- 
— as the quantity of wood furnished each year by Poland 

as been augmented. Merchants accustomed to traverse the 
Polish forests state that they will be able to meet the exigencies 
of consumption for many years to come, while, with the progress 
of wr vast forests in Gallicia and Russia will also be 
worked. 





THE LAW OF THE DRAWING-OFFICE. 


A CORRESPONDENCE which has followed the unau- 
thorised publication, in our pages, of the drawings of 
a floating workshop, constructed, some time since, b 
Messrs. George .Forrester and Co., of Liver m 
strongly exhibits both sides of a possibly unsettled but 
not difficult question, of great interest to engineers and 
their assistants. Both parties to the correspondence 
take high ground, Messrs.- Forrester and Co. declaring 
that it is a serious breach of trust for any employé to 
publish as his own, or to publish at all, his present or 
his former employer’s drawings, without permission, 
while Mr. Bireke insists that the.credit of, and the 
right to publish, the creations of his own mind, no 
matter in whose service he may have acted, belongs to 
himself. Now there can be no question as to what is 
the general opinion of masters upon this subject, and 
we even believe that a considerable proportion of 
draughtsmen and office-assistants concur in their 
opinion. Even to privately copy and thus carry away 
any drawing is regarded, in most offices, as a species 
of larceny, punishable by at least a certain withdrawal 
of confidence, if not by reprimand or even dismissal. 
That most clever, draughtsmen habitually make and 
secrete sketches of all, or nearly all, they do or see 
done in the range of their employment is, of course, 
known to every one, although employers must affect 
not to, know it, in order that they may the. more 
severely visit their indignation upon the offending 
culprit when once they catch him at it. No draughts- 
man who openly professed the right to make any future 
public use of whatever he might lay out, upon the 
drawing-table, for his employer would be kept on for five 
minutes. He-would find his pay at once ready for 
him, and it is not impossible that his departure from 
the premises would be powerfully quickened by the 
application of the “ governor’s” boot. Yet there are 
cases, of every-day occurrence, where leading draughts- 
men really supply the essential element of brains, and 
to an extent beyond anything of which their employers 
are capable. Where, in return for this, they may, 
from whatever cause, feel that they are not sufficiently 
rewarded by their employer’s confidence and such re- 
muneration as that may bring with it, they may be 
tempted to consider that, after all, they may go before 
the world with the evidence of their own skill, and thus 
possibly find a much better appreciation. We can 
understand many a draughtsman taking Mr. Birckel’s 
lofty view of his inalienable rights, but we think this 
view is dissipated upon the first ———- to close 
examination. No draughtsman would profess such a 
right, upon taking an appointment or, in the well- 
known office slang, “ getting a berth.” As the Ameri- 
cans say, he is then commonly willing to “sing small.” 
It is, then, a piece of impertinence for him afterwards 
to claim openly, when relieved of restraint, that to 
which he would never have pretended to lay claim at 
the beginning. Mr. Birckel offered us his plans 
for publication, and we, knowing that his name 
had for some time been before the public, felt 
no doubt that he had designed the floating shops, 
and, as he said, “ for a Liverpool firm,” on his own ac- 
count; at least, out of office hours at whatever estab- 
lishment he might have been engaged. We should not 
otherwise have received them for publication at all, 
nor shall we knowingly ever allow our columns to 
turned to account in this manner, although we must 
acknowledge that the circumstances a plying to the 
floating workshops are probably applicable also to the 
duplex boring-machine, which we, last week, also 
illustrated for Mr. Birckel. Had anything gone 
wrong with either design, Messrs. Forrester and Co., 
and not their draughtsman-designer, would have borne 
the whole responsibility—a responsibility from which 
we presume Mr. Birckel would have been in no hurry 
to relieve them. This necessary condition of this, as 
of all similar cases, forms the strongest moral reason, 
as distinguished from the mere force of circumstances, 
why draughtsmen and assistants should never preten 
to claim’ the credit individually of designs made by 
them for their employers, presumably under their con- 
stant direction, and solely subject to their decision, an 
carried out upon their undivided responsibility. 








Tue Cortiss Encrve.—The Zeta, fitted with Corliss’s screw 
engines, designed by Mr. J. Frederick Spencer, and working at 
90 revolutions per minute, has arrived at Val after . Tun 
of fifty-seven days from the time of leaving England. T a 
her second voyage, and the engines have worked admiral Y; 
Messrs. Hick, Hargreaves and Co., of Bolton, have taken the 
contract from Messrs. Titus Salt and Co., of Saltaire, for = 
placing the present cylinders, 50 in. in diameter and 8 ft. stroke, 
of their engints with new cylinders fitted with Corliss valve- 


gear. 
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ROWAN AND MORTON'S APPARATUS FOR ASCERTAINING LONGITUDE. 
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Mr. Jonn Martin Rowan, of Glasgow, and Mr. Alexander 
Morton, of Kilmarnock, have recently patented an apparatus 
for facilitating the ascertaining of latitude, longitude, and 
Greenwich time, which we illustrate in the accumpanying en- 
gravings, and the application of which, unlike that of other plans, 
is not limited to mid-day observations, but is available with ob- 
servations taken of the sun, moon, or stars at any hour of the 
day or night. The principle upon which the apparatus is based 
is, that when the sun, moon, or a star shows a certain angle of 
altitude to an observer, it will be in the zenith of a point on the 
earth’s surface, the angular distance of which from the observer 
is equal to the complement of the angle of altitude, that is, to 
the difference between that angle anda right angle; and if a 
circle is described on a sphere with its axis passing through a 
point corresponding to the observer’s station, the sun, moon, or 
star will show the same altitude to all points in that circle. The 
observation thus serves to define a circle, at some part of which 
the observer’s station must be, and the problem is reduced to 
that of finding the required point on this circle, the manner of 
accomplishing which will be easily understood from the follow- 
ing description of the improved apparatus and method of 
using it. 

‘A modification of the apparatus is represented by Figs. 1 and 
2; Fig. 1 being a plan, and Fig. 2 a partially sectioned eleva- 
tion. In this modification there is a complete equatorial ring, 
E, having degrees of longitude marked upon it, and which is 
fixed on a polar spindle, P, having its ends resting in bearings in 
a standard frame, F. When using the instrument, the equa- 
torial ring, E, is turned so as to bring uppermost the part cor- 
responding to the hemisphere of the earth in which the observa- 
tion is made, and it is fixed in that position by a screw clamp 
fitted upon the middle of the sole of the standard frame, F, On 
the polar spindle, P, are two half rings or arcs, D, L, marked with 
degrees of latitude and made capable of adjustment separately 
on the spindle, P, as upon hinges, being both set with their 
— at right angles to the equatorial plane and ring, E, and 

aving a radius to work just outside of that ring. Screw clamps, 
t, e, are provided for fixing the ares, D, L, in any positions on 
the equatorial ring, E, and similar clamps, d, J, are provided on 
the arcs, all the four clamps being marked with vernier scales. 
The vernier clamps, d, /, on the latitude ares, D, L, have sockets 
formed in them to receive the pins, p, of a loose angular distance 
segment, C. This is a segment of a little larger radius than 
the latitude arcs, D, L, and it is marked with degrees and is 
fitted with a vernier clamp, a, fitted with a projecting pin, p, 
whilst another pin, p, is fixed to the segment itself at the 90° 
point. The pin, p, of the vernier clamp, a, is movable in a 
radial direction to admit of its being brought over the socket in 
the vernier clamp, J, of the latitude arc, L. 

To ascertain longitude from a solar observation (for sen 
taken at any convenient time, latitude being known, Greenwich 
time at the instant of the observation is noted by the chrono- 
Meter; one of the latitude arcs, D, is clamped on the equa- 
torial ring, E, to correspond to that time, and the vernier, @ on 
this arc is set to the sun’s declination as given in the “ Nautical 
Almanack” for that day. The vernier, é, on the other latitude 
arc, L, is clamped at the latitude, and the vernier, a, of the 
loose segment, C, is clamped at the altitude, ascertained by the 
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solar observation, this causing the pins, y, to measure the com- 
plement of the angle of altitude. The segment, C, is then set 
with one pin, p, in the socket of the vernier*clamp, d, markin 
the sun’s place on the arc, D, already ~—- on the equatoria 
ring, E, and the other are, L, and the segment, C, are 
maneuvred until the other pin, p, of the segment, C, enters the 
hole or socket of the vernier clamp, /, of this are. This will fix 
the position of the latitude arc, L, and its vernier clamp, e, on 
the equatorial ring, E, will mark the longitude sought. There 
are obviously two positions in which the (second) latitude are, 
L, may be set so as to give the same distance between its vernier, 
1, and that, d, of the other arc, D; but the correct one will be 
to the west or east of the sun’s position accordingly as the ob- 
servation is made before or after noon. 

If Greenwich time is sought, the longitude being known, also 
the latitude and sun’s declination, as in the case first herein-be- 
fore described, then one latitude are, L, is clamped at the longi- 
tude, on the equatorial ring, E, and the vernier, 2, on this are is 
clamped at the latitude. The vernier, d, of the other arc, D, is 
clamped at the sun’s declination, and the segment, C, set as be- 
fore to the complement of the sun’s altitude is applied to the 
two ares, the unfixed one, D, being moved until the pins, p, and 
the sockets in the vernier clamps coincide. In a similar way, if 
the latitude is unknown, the other elements being known, the 
latitude arc, L, will be clamped at its known longitude, and its 
vernier, 7, will be moved until its socket can be got to coincide 
with the pin of the segment, C. In order to ascertain latitude 
and longitude, both being unknown, two observations are re- 
quired to be taken, either simultaneously of two heavenly bodies 
whose declinations are known, or at a known interval of time 
of the sun. The apparatus must also be provided with a third 
latitude are with one vernier clamp for fixing on the equatorial 
ring, E, and with another vernier clamp having a socket for 
a pin, 

‘ig. 3 is a diagram in which the various pieces are indicated 
simply by strong lines, The instrument may be constructed as 
shown in Figs, 1 and 2, or in any other convenient way, pro- 
vided the essential features above indicated are retained. The 
additional or third latitude arc, M (Fig. 8), is like the other two, 
D, L, and is hinged on the polar spindle, P, in a similar man- 
ner. It a | here be remarked that the necessities of construc- 
tion, as will be easily understood, require the arcs to be as it 
were mounted a little to the sides of the lines they actually 
represent, in order that the pins or sockets may always be in 
those lines. In the diagram, Fig. 3, however, the lines repre- 
sent those in which the pins and sockets move. The loose seg- 
ment, C (Fig. 3), has jointed to it at its 90 degree point a second 
limb, N, as shown separately in Fig. 4, and this limb is fitted 
with a vernier clamp and piu, 7, like the other limb. When 
using the two solar observation the vernier clamps, d, m, of the 
two latitude ares, D, M, are clamped at the sun’s declinations, 
and the ares are clamped at points on the equatorial ring, E, 
corresponding to the respective times of the two observations. 
The two verniers, a, m, of the hinged segments, C, N, are 
claraped at the respective altitudes, so as to measure from the 
joint pin the respective complements of the two angles of alti- 
tude. The hinged segments, C, N, are then set with the two 
vernier pins in the vernier holes or sockets of the previously 
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fixed latitude arcs, D, M, when the pin at the hinge will mark 
the place at which the observation is made; and on the latitude 
are, L, being adjusted with the said hinge pin in its vernier 
socket or hole this vernier will mark the latitude, and the vernier 
connecting the arc to the equatorial ring, E, will at the same 
time mark the longitude. With simultaneous observations of 
two heavenly bodies, the two latitude arcs, D, M, are clamped 
at the respective right ascensions on the equatorial ring, E, and 
their verniers, d, m, are clamped at their respective declinations. 
The hinged segments, C, N, are then applied in the same way 
as with the two solar observations, If the longitude is known, 
then the latitude and Greenwich time can be ascertained in a 
similar way from two observations of the sun with the elapsed 
time between them noted, or from two simultaneous observations 
of different heavenly bodies. 

It will be obvious that the details of construction of the ap- 
paratus may be varied; thus the latitude arcs, or some of them, 
may be either within or without the equatorial ring, and if the 
space within is occupied with a terrestrial globe, it will facilitate 

e adjustment of the arcs, and will enable the user to realise 
the signification of the operations he has to perform. If, on the 
other hand, it is desired to make the a tus at as low a cost 
and to gointo as small a space as possible, the sizes of the parts 
may be reduced in various ways, the fact that never more than 
90 degrees have to be measured at once allowing of this ve 
conveniently. Figs. 5 and 6 are views at right angles to eac 
other of an example of the various possible modifications of 
this kind. 

It must be understood that in operating with this apparatus 
a measurement of the altitude of the sun is employed, which is 
corrected from the observed altitude for the usual incidental 
errors, and in the usual way, and in setting the apparatus to the 
time and sun’s declination allowance is, of course, made for any 
index or other errors the apparatus may itself have. In ex- 
— the use of the apparatus, the observation dealt with 

as in general been regai as a solar one; it must, however, 
be understood that observations of any heavenly budies may be 
employed, of which the declination. and right ascensions are 
known from the Nautical Almanack or otherwise. 








New Sration at Crews. —The ironwork for the new 
station at Crewe, which, when completed, will cover an area of 
seven acres, is now being constructed by Messrs. P. D, Bennett 
and Co., of West Bromwich. The work is being executed under 
the direction of Mr. Baker, the engineer, and Mr. Stansby, the 
architect to the London and North-Western Railway Company. 
Messrs. Bennett have also in hand 1200 tons of columns and 
girders for the new Smithfield Market. 

Great WESTERN Enoines.—According fo a return made 
up about three weeks ago, the number of locomotives then 
on the Great Western Railway was 770, of which 400 were 
broad-gauge and 370 narrow-gauge engines. The broad-gauge 
stock was composed of 224 passenger and 176 goods engines, 
whilst of the narrow-gauge locomotives, 130 were passenger and 
240 goods engines. ‘These numbers are being increased weekly, 
there being, on an average, one new engine a week turned out at 
Swindon and one a month at the Wolverhamrtrr works. 
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16 castings, and you will find them recorded as such, 
4 The common brand, No. 4, you will find gives, as a 
on ‘ 14 rule, the best test of strength. You will also find here, 
. k : ee a! 6 in the case of Gartsherrie pigs, by a succession of melt- 
been lent to us by Mr. George W. Jaffrey, of the ings of the same iron, how it loses its strength. 
Hartlepool Ironworks. Mr. Jaffrey has made the Ferryhill ..  .. 14 * You will also find some tests made from bars ¢ 
: : p . y as 
strength of various mixtures of iron a matter of care- Scrap 6 with a portion of what is called wrought iron. This 
ful observation for a considerable period of time, and I must explain, is what is known as forge bottoms. 
sare 7 rs » Nnemeers ¢ \ oP iat ot il” . . “Wan 2 
the re sults are of much value toe nginee rs and found rs. taken from the bottoms of our forge furnaces, and 
He had found a great deal of blind faith, on the part which, as a rule, is sent out of the place as refuse. It 
ce - = =a " , Is § se. 
of his foremen moulders, in certain mixtures, arid he struck me, one day, looking at a broken corner, that 
4 : ¥ os —_ > , € P ? . © . ° "hg 
almost invariably found that these mixtures did not Weardale a 4 ; 2. 9 there was agood portion of iron contained in this, and 
give strong castings. Thus 10 ewt. of Shotts, No. 3, i es I resolved to have it cut up and melted along with pig 
. . > een a x . J 4 : = ~ ees 5 
5 ewt. of hematite, No. 3, and 5 ewt. of scrap was Weardale 20 8 iron, and see what kind of a composition would result. 
reckoned a strong mixture, and something like this is, as a a You have it there also. I now retain all our bottoms 
an , an fawanr wi any {: _ rat + awn « Ti Shue tg 
we know, in favour with many found rs, yet lt gave a Pontypool ... 20 6 2 14 and cast all my pinions, worm wheels, and many things 
very low value when broken. ‘The substitution, how- from it. I also intend to cast some of the larger nuts 
¢ ° ° . - oe > - ° ° . . “ae © . . f ge § 
ever, in this mixture of 5 ewt. of Weardale iron in South Bank, Yorksh. 20 8 1 1 for holding-down bolts out of it, as I think it will 
. . - a a ae . : bef A 
— of an equal quantity of Shotts (5 ewt. of the Shotts 20 7 0 14 answer a very great variety of purposes. I shall send 
alter being left) raised the breaking strength of the ai _ . you a bolt and nut made out of it, with a rough skin 
mixture from 5 cwt. 3 qr. 19 lb. to 7 ewt. 0 qr. 18 lb., Hematite... .. 8 20 6 oO 21 on one side, to show it is cast iron. a 
the bars being cast 1 in. square, and carefully loaded This gave the remarkable deflection of 13 in. “T also found great difficulty for many years in 
at the centre between 3 ft. supports. Even without tti ix sta answer f 
. sea + agg 1 ye —. 2 ig Ferryhill 4 0. 6 1 getting a good mixture of metal to answer for our 
the Weardale iron, a still higher value, viz., 7 ewt. UO screw-propellers. They would in some mysterious 
¢ , > . . . - ia — ” A . 
ao, +4 > . —s by ae -— he hall Pontypool... ... 3 10 manner break short, with what we considered to be 
tite for No. : “al cage eee ae, wom Weardale... «.. 4 | 10 made from first-rate metal. However, we have suc- 
tabulate the results of several mixtures ; but it may be Deflection 1 in. ceeded in getting a good strong mixture with certainty, 
observed here that good strong engine castings are Weardal ‘ 10 and no failures. You will see I have cast one small 
now made from even single brands of Cleveland iron, eardale ... eve ‘ socal ak mee . i it Saat y 
oie i ~ a i “a South Bank. Yorksh. 4 10 ’ propeller from my slag mixture, as it is called, and the 
generally No. 4 (in a numeration extending to 6 or test bar gives 9 ewt. Oqr. 14 1b. as the breaking point 
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CLEVELAND IRON IN THE FOUNDRY.| {8 


A most interesting series of foundry records of the 
strength of trial bars of various mixtures of iron has 


Hematite ain 5 
Clarence + ... on 5 10 
" 


Scrap eee eee 5 8 





_ rd ui 2 Ve > » T 2 eave 7 ver » P “ e . y 
even 7). Thus Clarence, No. 3, gave 7 ewt. 1 qr. Hematite ...  «. £ 10 of this mixtnre. We could have got more, but I was 


breaking weight; and Clarence, No. 4,7 ewt. lqr. 141b., Pontypool ... 
or considerably more than Barrow hematite alone, and 
quite as much as an equal mixture of Weardale and 





10 afraid to risk too much in the first casting of any 
ae : weight. 
; Pemaned — ow . “TI hope you may be able to reap some hints which 
hematite. , es a 3 may be generally useful from these proofs of mine. 
— “ae | oy of ge aag! _ « - — Consett... 4 20 j Amongst practical founders there is a very great 
snerrie, INO. o. nee meited, © Dar broke WIL © . > 7 ”» 
7ewt. Oqr. 211b. This iron, remelted, bore 6 ewt. Shotts ‘ : oS Se eS See 
3qr. 4lb. Melted for the third time, it bore 7 ewt. 71b., Weardale ... ore 10 
and deflected }4in. The fourth melting gave a higher Sectiesiien 
breaking strength and less deflection, viz., 8 ewt. 7 lb., \W oa = 
and 7, in. ‘The fifth melting gave a still higher 
strength and a very good deflection, viz., 9 ewt. and 
2 in. respectively. At the sixth melting the metal be- 
gan to whiten at the edges of the bar; it bore but Ponty 
pl ~e si ontypool ... 
7 ewt. 14 lb., and deflected yin. And at the seventh Weardale ... and inner skin; and not only shot, but shell; and not 
melting the iron became entirely Ww hite and useless for only live shells, but blind shells. When the target 
foundry purposes. It bore 5 ewt. 3 qr. 141b., and de- Somat als ‘ee was inclined 60 deg. from the line of fire, the shot 
lected only # in. ; coe ake 5 “bit” and entered the plate; but 201b. of powder 
In all the trials the bars were cast 1 inch square, : <3 could not send them through, the distance to be pene- 
and broken by weights gradually applied midway be- a er trated through the plate being then double what it is 
tween 3 ft. supports. ” cies ; Pontypool... «.: when the shot strikes at right angles to its surface. It 
Brand. No. Weight, Breaking-weight, : , was once believed that only Mr. Whitworth’s punch- 
ewts. cwts. qrs. Ib. Clarence ... eee : ; 
Shotts .. « 8 10 headed steel shot would bite when fired at such an 
Hematite ... ace § Clarence 20 acute angle to the plate. These experiments show, 
Scrap tate 0 ‘ still more strongly than ever, the necessity for pro- 
Weardale eae ae oe = ar a viding ourselves with turret ships protected by still 
— OS f PP ence sen ye Ee thicker armour ; and Mr. Reed’s lecture, last week, at 
Hematite... 5 This turned out white iron, only a bit of grey at the Plymouth, shows that he has quite made up his mind 
Scrap t centre of the bar. upon these points. The broadside ships, in order to 
Pontypool... 10 work their own guns, would have to be broadside to 
Malleable iron... 10 the enemy, and thus take his fire in their weakest part. 
Gartsherri The turret ships would lie end on and fire. Even then 
rartsherrie ae § 10 : : ; : : 
Seleskin inn ° ... 10 we require armour from 12 in. to 18 in. thick to be safe 
Shotts... 1 in. deflection. against penetration. 
Clarence With these constant discoveries of our weakness in 
Scrap wwe aes Gartsherrie o 3 armour, there is nothing for it but to construct new 
Malleable iron ships, and whatever we do (except to convert our old 
wooden fleet) other nations will follow our example. 
We are never done hearing of the reconstruction of 
6 1 25 Acklam, Yorkshire 3 ’ 14 our navy, and in real seriousness we have now to begin 
ies . Srchuniens _ Detlection, 4 in. bins again. ‘There will be a fresh demand for iron, for 
Sup lle ' 7 °0 9 _ A good strong mixture, with a breaking strength of | labour, and especially for such armour plates as Messrs. 
from 8 ewt. to 8}ewt., in numerous trials, was made in | John Brown and Co. and Messrs. Cammell and Co. 
have not yet had occasion to make, except for the 
Cronstadt fortifications. 











PALLISER SHOT. 

Ir is practically a new discovery in gunnery to find, 
iti ; as was the case last week, the 7 in. gun fired with 
Gartsherrie only 13 1b. of powder (the service charge being 22 |b.) 
Weardale ... * “1. 11° ° ? Sad . 

sending Palliser shot, one after the other, clear 
through the Warrior target of 44 in. plates, backing 





Shotts ee 
Hematite ... 
Scrap 


Shotts ese ° 4 

Hematite ... met Carron... oe I 
Clarence i 

Serap 


Hematite ... the following proportions : 
Do. 

Shotts . 

Ferryhill scrap 





Pontypool, No. 3 eee 
Hematite, No. 4 eco 
, Gartsherrie, No. 3 . ” - - LicuHtiInG WorksHors.—We mentioned, last week, that 
= or — Picked Scrap... eco one : some of the shops at Mr. Brotherhood’s works at Chippenham 
Hematite A strong propeller casting was made with a breaking re = eh ss rs yh 
Clarence .. .. 8 f strength (1 in. square bar, 3 ft. supports) of 9 ewt. Daglish, of the St. Helens Foundry, St. Helens, and at the 
tte , - ; 0 qr. 14 lb. from 5 ewt. of wrought and 15 ewt. of moulding-house of those works he has used another system of 
— . : , cast iron. lighting, which has been found to answer exceedingly well. In 
Other similar mixtures, but vith the proportions , Good strong iron, 7} ewt. to 8 ewt. breaking | this moulding-house, which is 200 ft. long by 45 ft. wide, there 
varied, and with an occasional admixture of Shotts strength, was made from old railway wagon-wheels, |’ 2 thirty-ton travelling crane, which traverses at the great 
iron, gave somewhat lower results se, pla . leotch and Ferryhill ir height of 30 ft. from the ground, and as, in this case, the sun- 
she - Jaffee and he little oo ’ =~ mo 7 lights could not be advantageously applied, Mr.Daglish _ placed 
; : 3 2 3 Mr. Jaifrey writes us, with reference to tese Fe-| 4 series of gas jets along either side of the shop, exactly oppo- 
ee os * ” "4 cords, as follows : site each other, and each provided with a reflector 18 in. in 
Ferryhill ... we. 2 15 “T entered into these experiments to satisfy my ty Pe ag eee pon oy ghey penne 4 
scral 5 : . CP a es “ye cactinos. | throw the light downwards, and it is fo at a pers and- 
Scrap inn ‘ 5 mind as to whic h was the be st iron for engine castings, inananealie ot tae a con son & aeuapenentyy shale 
and also to convince my foreman-founder that certain | thrown from a reflector on the opposite side. We are informed 
old notions about certain mixtures would not stand the | py Mr. Daglish that the plan is ound to answer capitally, and 
that he is using only about one-sixth of the quantity of gas 
necessary to light the shop upon the ordinary system. 





Pontypool ... 
Hematite ... woof é . ; “ . 
a oat test of actual experiment. What we had considered 4 
Scrap oe , strong mixture of pigs for foundry use was weak in 
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WE are now able to give drawings of the great steam 
dredgers, hopper barges, &c., employed upon the works of the 
Suez Canal. These machines were described in general terms 
by our correspondent, Mr. Charles Ball, of Paris, in our number 
for September 28th last, and we are indebted to him also for 
early copies of the originals from which our illustrations have 
been prepared. 

Figures 1, 2, and 3, on pages 452 and 453, show the dredgers, 
having a lateral shoot, 229 ft 7in. long, for tipping the stuff 
brought up from the bottom, s> as to form side embankments, 
The canal is cut to a depth of 26 ft. 3 in. below the surface of the 
water, and the stuff is lifted by the buckets toa further height 
of 48 ft. 3in., this being the height of the tumbler-shaft above 
the water. The stuff dredged up, and which is sand, or sand 
mixed with clay, falls from the buckets into the upper end of 
the great lateral shoot, inclined at the rate of about 1 in 10 or 1 
in 12, and slides down to its intended place upon the embank- 
ment. Two pumps, capable of raising 33,000 gallons of water 
per hour, are employed to raise water into the lateral shoot, so 
as to assist the descent of the sand and clay, and where, because 
of an increased amount of stuff to be disposed of, the slopes of the 
bank require to be flattened in order to take it all in, an increase 
in the quantity of water at once secures a flatter slope of the 
Stuff in settling into its final position. Where this is not 
desired, and the stuff moves a little stiffly, an endless belt with 
paddles is put in motion to help it along. The lateral shoot is 
Supported upon an immense trussed framework, which rests, in 
turn, upon a barge 72 ft. long, and about 27 ft. 6 in. wide, this 
being secured by chains to the hull cf the dredging-machine, and 
insuch manner that it can only move with it. 

Figs. 4, 5, and 6 show the steam hopper boats for carrying 
the stuff out to and dropping it into the sea, for those portions 
of the work where that mode of disposing of the material is 
resorted to. These boats are 140 ft. long, 23 ft. beam, and 

taw, when loaded, about 8 ft. 2in. The extent and form of 
the carrying space are clearly seen. The hopper bottoms are 
ormed by six pairs of double doors, kept up by strong chains, 
Which pass over rollers mounted upon a wrought-iron arch of 
50 ft. span, in the manner shown, and their winding barrels 
Secured by pawls and ratchets. 

. Figs. 7, 8, and 9 show a class of steam hopper barges, with 
side delivery for dropping the stuff in the shallow lakes, where, 
» Were the stuff dropped at the bottom, it would not clear 





the vessel. These are sey | ft. long and 20 ft. wide. As speed 
is of very little importance for the particular service in which 
they are employed, the twin-screw engine is of very diminutive 
proportions. The single piston, it will be seen, has a piston rod 
through each cover, and works a crank and screw at each end. 

Figs. 10, 11, and 12 show the incline up which the stuff, 
taken in cases from barges, is drawn up by a small engine, to 
be tipped upon the higher embankments, for which the elevation 
of the lateral shoots already described would be too great. 

In the high level of the Serapeum, the quantity of earth 
which has to be removed, and the elevation of the banks, in- 
creased considerably the expense of the transport of materials 
by wagons and locomotives. Mr. Lavalley, who, of course, 
prefers dredging wherever he can, has endeavoured to adapt it 
to this case. It was impossible to adopt the great dredgers 
with the long shoots, because, so great was the quantity of 
materials to be removed, and, such-was the height to which they 
would have had to be raised that thesystem was impracticable, 
Undeterred by these difficulties, Mr. Lavalley, having carefully 
examined the surface of the ground, discovered in the vicinity of 
the Serapeum two depressions of considerable extent, and which 
lay about one metre and a half below the level of the fresh- 
water canal. These depressions, however, were not entirely 
closed. To block up their natural outlets, to fill their cavity 
with fresh water drawn from the canal, and to create in this 
manner two artificial lakes, capable of containing the stuff taken 
out of the cuttings, was the plan adopted. A small opening 
was cut in the high level, just large enough to receive a suffi- 
cient quantity of water to float the dredgers. The latter were 
introduced in the channel, and the materials are carried out and 
thrown into the artificial lakes by the shallow hopper barges, 
and which, discharging sideways, can work in very shallow 
depths of water—the boats drawing but 4 ft. This operation 
has already been partially executed. One of the lakes has re- 
ceived 800,000 cubic metres of fresh water, and the dredgers 
and boats have already begun their service. 

The fresh-water canal being somewhat above the sea level, it 
will be necessary when the excavation has been carried to the 
greatest possible depth with dredgers floating in fresh water, 
to open the communications with the sea, and the water then flow- 
ing out, its level will sink to the point which it is finally to 
attain, viz., the level of the sea. Notwithstanding this, a suffi- 
cient depth of water will remain in the canal, so as to allow the 








dredgers to continue their work until the excavation is entirely 
finished. In this way the whole process will have been exe- 
cuted by means of dredgers, and without manual labour. 

There remains another and a more difficult part of the enter- 
prise to be accomplished. The channel must be dug through the 
shallow parts of the salt lakes. These are immense natural 
depressions, but contain no water. To fill them, in order to 
float the dredgers, would require more than a year, and this will 
not therefore be attem ted. But a low ridge of earth — 
raised on both sides of the future channel, and a barrier erecte: 
crosswise, a long and narrow tank will be created, which being 
filled with water, will allow the dredgers to work, so as not to 
interrupt the a mao of the enterprise during the time 
necessary to fill the lakes. When this, however, has been done, 
the barrier will be removed, and a free communication esta- 
blished. This ingenious contrivance will allow the company to 
remove about 2,000,000 cubic metres of earth at a low price. 

The capacity of the salt lakes amounts to 900,000,000 of cubic 
metres, and about one-half as much more must be added for 
absorption of water, so that, say, 1,400,000,000 cubic metres 
of water would be required to fill them. 

Now the salt water channel from the Mediterranean, when 
opened, will pour into the lakes about 5,000,000 of cubic metres 
per diem, the average velocity of the current being rather more 
than 1 ft. per second. The evaporation which takes place on the 
vast surface of the lakes will absorb about one million and a 
half of cubic metres of water, there will therefore remain 
three and a half millions per diem, so that it would take 400 
days to fill up the lakes, if the supply was to be exclusively de- 
rived from the Mediterranean. But the Red Sea will also fur- 
nish its contingent of 2,000,000 of cubic metres, which would 
reduce the period required to a lapse of 250 days, a space of 
time insufficient for the termination of the other works. It is 
therefore evident that the filling up of the lakes will not keep 
back the other parts of the undertaking. 

The machinery, vessels, &c., employed at the present moment, 
are the following: 18 small dredgers; 58 large dredgers, of 
which 20 with long shoots; 37 boats; 42 barges; 30 shallow- 
water barges; 18 elevators; 20 cranes; 150 steamers; 30 loco- 
mobiles. Total, 10,000 horse power. ‘To these must be added 
ten large workshops, and one at Port Suid, for repairs. Tlie 
material annually removed amounts to 18,000,000 of cubic 
metres. 
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Kurracues is situated near the north-western ex- 
tremity of the coust of Sinde, and is the only seaport 
in that province available for vessels drawing more 
than 10!t. of water. It is a position of very great 
importance, whether regarded in a commercial, poli- 
tical, or military point of view; and it has been laid 
down, that a force stationed there, with detachments 
at Sehwan and Bukkur, might hold Sinde in com- 
plete subjection. In a commercial! point of view, it 
may be defined as the gate of Central Asia. By means 
of the Sinde Railway to Kotree, on the Indus, direct 
con munication is already afforded between Kurrachee 
and the Punjab, and should the ~~ Indus Valley 
Railway, from Kotree to Mooltan, be carried out—as 
there is every reason to believe will sooner or later 
be the case—the produce of the Indus valley and of 
the Punjab will find an easier outlet at Kurrachee than 
in any other direction, and the trade of that port is con- 
sequently likely to rise to very considerable importance. 

‘he port of Kurrachee is protected from the sea 
and bad weather by Mancra, a bluff headland, pro- 
jecting south-eastward from the mainland, and leaving 
a space of about two miles between the extreme point 
pa the coast to the east. This headland, called 
Manora Point, consists of a crest of conglomerate vary- 
ing in consistency, some being almost solid stone, 
others searely more than gravel about 20 ft. thick, and 
lying on beds of softer material, sand, marl, and clay, 
which latter is the lowest visible stratum. There is a 
good roadstead outside Manors, except during the 
south-west monsoons, at which season it is not safe 
to anchor there. At the extrem‘ty of the harbour is 
a bar, which, prior to the commencement of any works 
for its removal, had but from 9 ft. to 12 ft. of water 
over it at low tide, and from 18 ft. to 20 ft. at high 
water spring tides. About a mile inside the bar there 
is an extensive bank, dry at low water, between which 
and the western shore is the channel up the har- 
bour. The harbour is spacious, extending about five 
miles northward from Manora Point, and about the 
same distance from the town on the eastern shore to 





the extreme western point. The town of Kurrachee is 
three miles from the landing-place when the tide is 
out; but it has been rendered easy of access by the 
formation, in 1851, of a mole and road, constructed at 
a cost of upwards of 30,000/. The only stream flow- 
ing into the harbour is the Layari, a mountain channel, 
which is entirely dry excepting during the rains, and 
theseare by no means frequent, sometimes not more than 
ten days in the year, and those days following consecu- 
tively; it can scarcely be called a river, or of being 
taken much into account as contributing to the deep- 
ening of the harbour, or to the removal of the bar at 
its entrance. Although the river runs above ground 
only for two or three days in the year, it appears that 
the underground stream is constant, though probably 
the discharge is but small. About two and a half 
miles to the eastward of the entrance to the harbour 
is another backwater, called Chinna Creek. A ridge 
of high ground, called Keamari, runs from the one 
backwater to the other; and on the opposite side of 
Chinna Creek, that high ground is continued some dis- 
tance further in the same direction, and is then called 
Clifton. 

The late Sir C. Napier, the conqueror of Sinde, 
was not slow to discover the importance of improving 
the harbour of Kurrachee, and to suggest measures 
for effecting that object, one of which, the Napier 
mole, still hears his name. The bar across the mouth 
of the harbour, forming as it does the principal ob- 
struction to its use, received early attention with the 
view of effecting its removal or improvement, and 
dredging-vessels were sent out from this country to 
assist in the operation. In 1856 a committee was 
formed to ale and report upon the best means of 
effectually dealing with the matter, the result of which 
was that all the papers bearing upon the subject were 
forwarded to this country with the view of their being 
submitted for the opinion of some engineer experienced 
in the construction of harbour works, and they were 
accordingly referred to the late Mr. James Walker. 
From the information laid before him, Mr. Walker 





was of opinion that the bar at the mouth of the harbour 
was the result of the current from the harbour meeting 
the coast tide, by which its velocity was checked, and it 
was rendered insufficient to support and carry out into 
the tideway the matter brought in front of the har- 
bour by the heavy seas during the southerly gales, 
The bar consists entirely of a fine calcareous sand, 
which Mr. Walker did not consider would be improved 
to any great extent by dredging, but he was of opinion 
that its removal would best be effected, firstly, by 
preventing the ebbing tide from spreading and wasting 
its force until it has carried the sand of the bar into 
deeper water or into a stronger cross tide ; secondly, 
by giving the water passing through the entrance to 
the harbour at each flowing and ebbing tide the right 
direction; thirdly, by increasing the quantity of 
water passing through the entrance at each tide by 
dredging the shoals that were in the way of navigation, 
or otherwise ; and, fourthly, by shutting off, as much 
as possibly, the heavy southerly and south-westerly 
seas from the mouth of the harbour, and either pre- 
venting any sand that might be brought from the west- 
ward from coming at all in front of the harbour, or, 
at least, carrying it out into deep water before it could 
do so. 

The low-water area of the passage or entrance of 
the harbour, measured from the bar to opposite the 
south end of the Napier mole, is about 600 acres ; to 
the north of, and exclusive of that space, the area of 
the channels and creeks on the west side of Napier 
mole that is covered at high water is about 6000 acres, 
of which 2600 are covered at half flood and 900 acres 
at low water, so that the whole area is very large, and 
the tidal dissharge from it has been estimated at 
3,920,000 cubic feet per minute. Southward of 
Keamari a great diversion of water to the eastward 
takes place over a sandbank upwards of a mile in 
length, dry at the lowest spring tides, and with an ebb 
re flood current over it of 14 miles per hour; thus 
an immense power for clearing the entrance has been 
lost, and thereby a great and gradual diminution of the 
channel seaward of it caused; for while the low-water 
sectional area opposite the south side, at the west end 
of Keamari, was 4200 superficial yards, the section 
6000 ft. further south, or seaward was but 3300 
yards, at 500 ft. further south 280 yards, and at 500 ft. 
still further south, just before entering the narrowest 
part, 2500 yards, thus showing a gradual dimunition 
of area in the channel to the extent of 12 to 1 between 
Keamari and the narrow point. 

(To be continued.) 








GOVERNMENT AND TELEGRAPHS. 

Notwitustanp1ne the official contradiction of the 
rumour that active steps were being taken towards an 
amalgamation of the various telegraphic lines with a view 
of their being worked as asingle system under Govern- 
ment control, there is no doubt but that such a scheme 
is just now attracting some attention. The admirable 
working of our post-office system gives good cause for 
supposing that under a similar rule our means of tele- 
graphic communication would be greatly improved, and 
particularly that the delivery of messages would be per- 
formed with far greater punctuality than at present. 
An uniform rate—and probably a lower one than at 
present charged—for a given number of words, irre- 
spective of distance, could also be introduced. In 
Prussia, where a national telegraph system has been 
adopted, the plan is found to answer exceedingly well, 
the whole of the lines being classified, and the system 
of centralisation being arranged so that it does not 
interfere with direct communication between places 
which are a short distance apart. Although, however, 
there can be but little doubt but that the public 
generally would be gainers by our telegraphs being 
taken under Government control, and probably placed 
under tlie charge of the Royal Engineers, it is not so cer- 
tain that such a step would be beneficial to the interests 
of telegraphic science, as, if the whole of the lines were 
under one head, there would probably be a less disposi- 
tion to experiment upon improvements, or supposed im- 
provements, in telegraphy, than there is in the case of a 
number of independent lines, some of them competing. 








ANTI-ATTRITION PowpEr.—The Patent Plumbago Crucible 
Company are now making, at their works at Battersea, an anti- 
attrition powder, which is being much used for lubricating the 
cylinders of blowing engines, and for other machinery, and which 
is also being successfully employed for dusting moulds for iron 
and brass castings, as well as on the ingot moulds used for 
Bessemer steel. It is an impalpable powder, perfectly free from 
grit, which has the property of cleaning and polishing the ma- 
chinery to which it is applied, whilst it does not heat, and pos- 
sesses the great advantage of not catching dust, &c., as oil and 
grease do. It is found that it adheres well to metals, and it is 
thustparticularly applicable to quick-running shafts, as it does 
uot fly off. It can be used either dry or mixed with oil. 
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STREET TRAMWAYS IN LONDON. 


Ir is narrated concerning a locomotive engine con- 
structed by Richard Trevithick, about 1815, that it 
frequently broke the tram-plates (which were of cast 
iron), and that “ she took a load of iron from Pen-y-dar- 
ran down the Basin-road, upon which road she was in- 
tended to work. On the journey she broke a great 
many of the tram-plates, and before reaching the basin 
she ran off the road, and was brought back to Pen-y- 
darran by horses. The engine was never after used as 
a locomotive. Happily these misadventures, and many 
like them, which occurred in the early days of tram- 
ways and of the locomotive, were not accepted as 
demonstrations that railways and travelling steam 
engines for haulage were either undesirable or im- 
practicable. Sine the days of Benjamin Outram 
(father of the distinguished general), from whom the 
name Ou-“ tramway” is supposed to be derived, and 
the time of Trevethick very many and important 
changes and improvements have been effected upon 
both the rails —s the locomotive, neither of which are 
yet perfect, notwithstanding their wonderful perfor- 
mances. Railways in our public streets and thorough- 
fares, and railway carriages running in roadways used 
by vehicles of all descriptions in common, involve a 
problem as difficult, and suggest an idea as revolu- 
tionary, as regards locomotion, as were set forth in the 
brochure of the enthusiastic Thomas Gray, in 1820, in 
his “ Observations on a General Iron Railway.” Mr. 
Gray’s ideas, albeit he was derided when he first pub- 
lished them, are now wonderfully near complete 
realisation. As regards street railways, it is true that 
a few years since they were tried in London, and that 
they were neither universally popular nor eminently 
successful, and that, in fact, they had to be abandoned. 
But the way to success is often indicated by failure, 
and in trying again projectors and promoters, taught 
by experience, strengthen weak points and anticipate 
objections. 

Amongst the private bills to be dealt with in the 
approaching session of Parliament, is one by Messrs. 
John Noble and Co., for powers to lay down six 
double-track tramways in the metropolitan district. 
No. 1 is from the Archway-road, Upper Holloway, 
and will proceed vid Islington and City-road to a ter- 
minus near Finsbury-place ; No. 2 is proposed to com- 
mence on the Seven Sisters-road, and to proceed by 
Park-road, Camden-road, Hampstead-road, and Totten- 
ham-court-road, to the end thereof at Oxford-street ; 
No. 3 to commence at Whitechapel High-street, to 
proceed almost direct, vi@ Whitechapel, Mile-end, and 
Stratford, to the Leytonstone-road, quite near to 
Epping Forest ; Nos. 4, 5, and 6 are proposed to be 
on the Surrey side; the first from Clapham, and the 
second from Brixton, will join each other in the Ken- 
nington Park-road, and proceed thence by Kennington- 
green, Kennington-road, and Westminster-bridge-road 
to the Surrey end of Westminster-bridge. 

The proposed lines constitute a rather extensive 
experiment, it may be seen; but the projectors have 
wisely chosen wide roads and routes, having, with the 
most trifling exceptions, favourable curves and 
gradients. 

It may be remembered that there were, amongst 
others, two distinct objections urged against the tram- 
ways laid down by Mr. Train. The one, that they 
obstructed the ordinary traffic of the streets, in that 
they abruptly broke the level, and in every rail pre- 
sented on one side a raised curb, which dragged off 
and strained other vehicles in their attempts to cross 
upon an acute angle. The second objection was, that 
the percussive action of vehicles crossing the lines dis- 
integrated the macadam material, or loosened the 
paving-stones on the outer side of the rail, and hence 
caused extra tear and wear in paving. The crescent 
rail obviates the one of these objections, in being flush 
with the street, and may be crossed in any direction, 
or be pursued in its course by any description of 
vehicle, hand-cart, hansom cab, omnibus, or brewer’s 
dray, without the wheel or wheels of any of them being 
caught in the small groove necessary for the flanges on 
the wheels of the track-carriages. The other objection, 
the continuous shocks upon the pavement by the raised 
rail, and the consequent makmg and spreading of 
detritus, is proposed to be met by paving each side of 
the rail on macadamised roads with squared sets of 
granite. 

This project will be opposed, doubtless, by one or 





more powerful organisations, the members of which 
suppose they possess vested interests in the street 
traffic of the metropolis; but the public cannot fail to | 
benefit by a fair trial of the experiment. There is no | 
monopoly proposed by this project approachin 


in ir-| 
responsible power to that possessed by the eneral | 


Omnibus Company, and if the tramway carriages to be 
put upon London roads be equal to those running now 
in Other towns in England, in Bombay, in Canada, and 
in the chief cities of the United States, they will be 
much larger, steadier, less noisy, sweeter, and swifter, 
than the London omnibuses, that are a disgrace to a 
city claiming to be the metropolis of the world. 
Inasmuch as the street railway carriages will carry, 
and much more quickly, more than double the number 
of the omnibuses; it may be expected that the adoption 
of the system in London, when practicable, will greatly 
diminish the vebicular traffic. ‘The character of the 
opposition the promoters may expect to meet with 
may be taken as indicated by the fact that, in some 
cities where street tramways have been adopted, the 
omnibus nuisance has been not merely abated, but 
swept entirely away, horses, vehicles, damp straw, and 
all belonging to them. Speaking of horses, it may be 
mentioned that the tramway system is worthy of the 
patronage of the Society for the Prevention of Cruelty 
to Animals, seeing that the carriages are stopped by 
powerful brakes acting upon all the wheels at once, 
and without any effort whatever upon the part of the 
horses, which have only the momentum of their own 
bodies to check. The carriages can be brought to a 
stand in a space of less than their own length. 

It ought to be. mentioned, as touching monopoly, 
that the right of the public to use every portion of the 
roads and streets, including the tramway track, is ex- 
pressly reserved, and vehicles of any description may 
run over, upon, and along the tramways. The exclu- 
sive use of flange wheels adapted to the rails is all 
that is claimed by the promoters, and their running to 
be subject to the constituted authorities for the regu- 
lation of the traffic. 

Messrs. Noble and Co. have collected a large mass 
of most satisfactory evidence concerning the effect of 
street railways upon ordinary traffic, as being to relieve 
the streets; the comfort and convenience of this mode 
of travelling, as compared with omnibuses, which is 
pronounced vastly superior; the safety to passengers 
and pedestrians, which is much greater than by the 
uncertain deviations of the ordinary street carriages ; 
the public feeling in favour of the system, which is 
almost universal wherever it has been adopted; their 
great convenience ; and the saving to the public in the 
cost of paving the roads, which is considerable. 

There are about 900 of these tramway carriages 
running in the best streets of New York. In 1865 
they conveyed 60,000,000 of passengers, and the 
omnibuses 5,500,000. The casualties by the tramway 
carriages are reported by the city surveyor to be one- 
sixth in proportion to those caused by omnibuses. Mr. 
Sala says of the new tramway cars, in his “ Diary in 
America in the Midst of the War,” “ You glide along 
“ very smoothly and very swiftly ; the jingling of the 
“ horses’ bells is soothing to the ear; you know that, 
“although the poor animals are drawing a caravan 
*‘ containing from thirty to forty passengers, the rail 
makes their task comparatively lightsome, and they 
are not half so cruelly worked as the omnibus horses. 
. . . . It is an immense convenience to persons of 
moderate means, for you can go from one end of 
New York to the other for five cents. Consider the 
“ difference between that Lilliputian tariff and the five- 
* dollar fares of the hacks !” 

On its engineering merits, and in consideration that 
its adoption: promises greater speed, safety, and com- 
fort, with diminished danger and lower fares, it will be 
well that the crescent rail should have a fair trial in 
London. 
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BOILERS AND BOILER FEEDING. 

AmonGsr improvements recently brought out in connexion 
with the construction of steam boilers and the apparatus for 
feeding them are those of which we give engravings on page 456. 
In those illustrations, Figs. 1, 2, and 3 refer to a form of 
boiler which bas been patented by Mr. David Thomson, whilst 
the remaining figures illustrate some improvements in the con- 
struction of Giffard’s I: jectors, for which a patent has been 
taken out by Mr. James Gresham, of the Atlas Works, Man- 
chester. 

Referring to Figs. 1 and 2, it will be seen that, for stationary 
purposes, Mr. Thomson makes his boiler somewhat in the form 
of the ordinary Cornish boiler, the shell, however, being made 
very short in proportion to its diameter. ‘The flue is made 
slightly smaller in diameter at the back end than at the front 
end, and the hole in the front plate is made sufficiently large 
to allow the flange of the flue to pass through, this flange 
being rivetted to the inside of the back-plate, while the flange 
is rivetted to the outside of the plate. ‘The grate extends 
nearly through the boiler, and at the back end is placed 
a firebrick partition having spaces or perforations through 
which the flames pass into the fire-brick smoke-chamber 
formed outside the boiler. From the chamber the flames 
and hot gases pass through a number of tubes, passing 
through the water space of the boiler, into a front smokebox, 
whence the flames pass back again through othertubes 
placed in the steam space of the boiler, and though a flue 








formed over the smoke-chamber into the chimney. For pro- 
ducing an effective draught, a pipe of smaller diameter than 
the chimney is fixed in the latter, and the exhaust steam 
from the engine is allowed to pass into a blast-pipe fixed 
below it. In order further to increase the draught a steam 
pipe conducts steam from the boiler to a number of small 
nozzles placed inside the smokebox in front of each of the 
tubes. This latter arrangement of steam jets is also applic- 
able to steam boilers having only one set of tubes passing 
directly from the furnace in front to the chimney at back. 
Sufficient space is left between the small tubes and the sur- 
face of the flue, as well as between the small tubes and the 
large ones, to render the surfaces of the flue and tubes acces- 
sible for cleansing purposes, manholes being formed 'in the 
front of the boiler communicating with these spaces, The 
smokebox is provided with doors for gaining access to the 
manhole, as also to the interior of the fire-tubes for cleans- 
ing them, A space is also left between the small tubes, and 
between these and the sides of the boiler, in order both to 
render the surfaces accessible for cleaniug and to allow of the 
free circulation of the water. A pipe is fixed in the steam 
space of the boiler and extending nearly its whole length, 
this pipe being perforated on its upper surface and closed at 
the ends, whilst in the middle it communicates by means of a 
branch with the steam dome, which has no other commu- 
nication with the boiler. The steam is thus taken equally from 
all parts of the’ boiler into the perforated pipe, and thence into 
the steam dome, and by the application of a shield just 
below the perforated pipe the steam rising beneath it is made to 
pass against the surfaces of the tubes, and to take up heat 
therefrom before passing into the perforated pipe. 

Fig. 3 shows a modified arrangement of the smoke-chamber 

which is preferred by Mr. Thomson for marine boilers. In 
this case the chamber is formed of skeet iron, fixed to the 
end of the boiler and lined internally with firebrick, which 
it is preferred to fix to the iron casing by means of bolts 
formed either with a large flat head fitting into a deep recess 
in the firebrick which is filled out with fireclay after the bolt 
is inserted, or with a tapering shank fitting into a tapering 
hole in the firebrick. A passage, also lined with firebrick, 
conducts the flames and hot gases from the tubes directly 
into the up-take. In place of, or in addition to, the lining of 
firebrick, the smoke-chamber may be provided with a water 
jacket. 
‘ We must now speak of Mr. Gresham’s improvements in in- 
jectors, these improvements applying te to self-regulating 
injectors of the kind patented by Mr. William Sellers, and de- 
scribed in this journal a few weeks ago (vide page 284 of the 
present volume), and partly to injectors of the ordinary class. 
In Mr. Sellers’s injector,(in which the suction ofthe jet when the 
water supply is deficient, or the overflow when the supply of 
water is in excess, is made to adjust the supply of water) a 
cock is described for allowing a portion of the fluid to be dis- 
charged till the jet is fully established ; and two valves are used, 
one to prevent the steam or water from being driven back through 
the water-supply pipe, and the other to allow it to escape to show 
when the injector is not working. The cock has to be opened 
and shut by hand in starting the injector. In Mr. Gresham’s 
injector this cock and the two valves are done away with, and 
one self-acting cock or valve substituted, Fig. 9, which is a view 
of one of Mr. Sellers’s injectors altered according to Mr. Gresham's 
plans, showing one of the arrangements adopted. In this case 
the stop-valve, d, which prevents the return of the water from 
the boiler, is made and arranged partly as a valve and partly as 
a piston. It is shown in full lines in the position in which it is 
closed, and by dotted lines in the position into which it will have 
to move when open. By the movement thus obtained the stem 
of the valve is made to act upon a lever, a', attached to a cock, 
a, the lever of the valve being arranged as shown in cross section 
in Fig. 10. Valves upon the piston-principle are also shown in Figs, 
6, 7, 8, and 14, applied to injectors adjustea by hand according 
to the second part of the invention, but they are also applicable 
to self-adjusting injectors. In Figs. 6, 7, and 14, the piston-valve 
acts directly toopen and shut another valve arranged as shown. 
In Fig. 8 the piston-valve acts through a lever, a', upon a valve, 
a, in the side of the casing, as shown, In Fig. 5 an ordinary 
valve, d, is connected directly with another valve, a, acting to 
close the passage, c, from the overflow orifice. Figs. 13 and 14 
represent two forms of valve commonly used between the injector 
and the boiler. In Fig. 18, d*, is an ordinary ball-valve to 
prevent the overflow of water from the boiler in the ordinary 
working of the injector, and the casing is fitted with two con- 
nected valves arranged as shown; one valve, d!, being exposed 
to pressure from the boiler, and the other valve, a, to the pressure 
from the injector; c is the outlet. , 

Another of Mr. Gresham’s improvements, shown in Figs. 4, 6, 
7, 8, and 9, consists in forming « valve facing upon the central 
spindle, e, and a seating upon the partition or steam ef 
and in making that part of the spindle, ¢, cylindrical from the 
valve to a little past the nozzle, when the valve is against its 
seating; so that the annular space for steam only begins to vary 
when the spindle is partly screwed outwards. By this arrange- 
ment the steam can be shut off without any other tap or valve, 
and without danger of bursting the steam or partition nozzle, as 
is frequently doue by accident with the ordinary cone central 
spindle. ‘Ihe part forming the receiving and discharging noz- 
zles, g, is made of large external diameter in Figs. 4, 3, and 6, 
and of as good a fit as can be made without packing, and a hole 
is made at g' which communicates with a chamber, g, so that 
any fluid escaping past the sides of the nozzles will enter this 
chamber, and will be sucked in by the passing jet through the 
hole just mentioned. If the self-acting valve, previously de- 
described, is not used, a communication is made between the 
upper part of the chamber, g*, and the atmosphere for starting 
the injector and for overflow, as shown in dotted line in Fig. 4. 
The nozzle part, g!, can be adjusted for any given pressure of 
steam by a slight blow with a hammer and blunt chisel upon 
the notches, g*, seen through the casing of the injector. Fig, 6 
represents an injector similar to that shown in Fig. 4, but it 
illustrates a mode of adjusting the nozzle part by a lever handle ; 
g* being a shaft passing through a stuffing-box at one end in the 
side of the casing of the injector, and this shaft having secured 
upon it a lever, g°, which is forked at the ends to fit grooves in 
the outside of the nozzle part, g. Ahandle is fixed on the out- 
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side end of the shaft, g*, by which the shafi is oscillated to make 
the adjustments required. This handle carries a point acted 
upon by a spring arranged as shown in dovted line, this point 
entering notches in a segment formed upon the outside of the 
casing of the injector, and thus holding the handle when the 
adjustment is made. 

Fig. 7 shows an injector with a single-screw valve spindle, e, 
giving a double adjustment. The steam or partition nozzle, /, 
is screwed into one end of a tube, A, as shown, this tube being 
capable of being moved up and down through a packing gland, 
k. The central valve spindle, ¢, screws into this tube, h, pass- 
ing through a — gland, A*, at the upper end of the tube, 
and it is kept from moving endways by a stay or bracket, A’, 
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through the boss of wiich it is made to pass. When the spindle 
is rotated to open the valve, the annular space for water will be 
reduced and that for steam increased, and vice versé when the 
spindle is rotated in the opposite direction. Fig. 8 shows an in- 
| jector arranged in a similar manner to that shown by Fig. 7, ex- 
| cept that that the adjustment for water is by a separate screw, 
| h. In Figs. 7 and 8, the steam is supposed to be conveyed to 
| the injector through a coiled pipe, 44, as shown in Fig. 8, this 
pipe having sufficient elasticity to admit of the small amount of 
movement required for adjusting the injector. 
Figs. 11 and 12 show a double injector, arranged so that one 
part may be used when the other is out of order. There are 
three cocks, /, ', and /*, one for steam, one for water, and one 
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for the fluid discharged ; and by turning the first two cocks the 
steam and water can be turned on to one injector and turned off 
from the other, whilst by the cock, /?, the passage between one 
injector and the boiler can be shut, and that between the other 
injector and the boiler opened. The nozzle parts, g, are arranged 
to fit tightly, and are adjusted to the required pressure of steam 
when the injector is applied. The steam or partition nozzles, J, 
are screwed in as shown; and the water or steam may be ad- 
justed when the nozzle’s parts, g, are fixed, by substituting other 
nozzles, f, of different size or length on removing the screw plugs, 
JS’. Central cones are dispensed with, but, if required, the 
plugs, 7", may be elongated to project into the interior of the 
steam nozzles, 7; so as to act as cones. 
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LIMITED LIABILITY. 


Tue cupidity of “ promoters” and the ignorance 
and folly of the supporters of limited companies, for 
four or five years previous to the great explosion of 
last spring, did all that was possible to discredit one 
of the very best pinciples of commercial co-operation. 
The abuses then committed, and the wrong inflicted 
will long bear fruit after the fullest retribution of offi- 
cial liquidation, and of this the fraternity of impru- 
dent investors have hardly begun to see the end. 
Foreign railway concessions, and the “taking over” 
and “extending” of engineering businesses, bore, of 
course, but a small proportion to the great current of 
speculation ; for the banks and the insurance, finance, 
and trading companies had much the best of it in re- 
spect of the amount of capital they could command, 

ut we doubt whether the public allowed themselves 
to be more deceived in these than with the great crop 
of schemes for sharing in the profits of engineering 
concerns, already in existence, and wanting only capital 
for their immense development. In some cases the 
representations were no doubt literally true, and have 
been in a measure borne out by tolerably successful 
results. But in scores of others the most reckless 
and censurable means were adopted to raise money, 
means often exposed, and now but too well known by 
thousands of unfortunate shareholders, but which, 
nevertheless, are hardly credible among men removed 
from the atmosphere of city life and speculation. 

_The “ promoter,” commonly a person having no 
visible means of support, could always learn the upset 
price of scores of private businesses, the more easily 
if their owners were in difficulties.. This price was 
commonly thultiplied by two in fixing the sum to be 
paid by the. future shareholders, and with the under- 
standing that the excess was to be divided in some 
proportion between the promoter and the vendors. It 
was always as easy to obtain an over-valuation of the 
leases, buildings, plant, and fixtures, and of the “ good- 
will,” as in a compensation case before a sheriff’s jury, 
since the valuations were invariably ex parte, and were 
filled into the deeds to the inchoate company before 
there was any company with representatives to object 
tothem. The valuation was neatly divided into two 
Sums, one in cash and perhaps one-half or two-thirds 
of the whole to be paid by instalments, the rest being 
embodied in part in a substantial mortgage to the 
vendors, upon the whole property, while the remainder 





was to be taken by them in paid-up shares, “ drawing 
no dividend until the ordinary shares had paid ten per 
percent.” Besides all this, the vendors were commonly 
well provided for, in the deeds, with handsome salaries 
and extensive powers as managing directors, and, with 
these arrangements, the whole affair was offered in an 
eloquent prospectus tothe investing public. Here, 
again, a further great inflation of the capital was per- 
petrated. If the sum for which the vendors had 
wisely secured themselves was fifty or one hundred 
thousand pounds, at least four times this amount of 
— was registered, only “one-half to be now 
ofiered” to the public, and with the vague and wholly 
irresponsible unites that, even of this half, but 
one-half was to be actually called up. Of course, the for- 
malities of registration with seven “ dummies” as share- 
holders—for the first “registered” shareholders are 
seldom more—were as nothing. They might be-clerks 
in an office, or the smallest tradesmen serving the pro- 
moter or vendors, and would be assured that the single 
share of 10/., 20/., or 50/. for which each made him- 
self liable would be taken off his hands the mo- 
ment other shareholders could be found. It was 
equally easy to find an “influential board” among 
army and navy. officers, among professional direc- 
tors of. companies,;who make a. business of, and 
get a living by, sitting at perhaps a‘dozen boards, 
among newspaper writers and men of, well-known 
names, but of small means, and, here and there, a 
really substantial name, new to the scheme and to the 
general nature of such undertakings. These directors 
would be “ qualified” by a douceur of so many partly 
or fully paid-up shares, for the calls upon which the 
diligent promoter, or the vendors, would regularly find 
the Gash as it fell due, so that the directorial ae 
might remain perfectly at its ease in all emergencies. 
When we add that, besides the ready “ qualification,” 
the transfer deeds commonly gave the directors power 
to divide yearly, among themselves, a sum, out of all 
proportion to the probable value of their services, as 
“ directors’ remuneration,” a sum equally beyond the 
probable means of the business taken over, it is easy to 
see that there would be no great difficulty in forming a 
board, the respectability of which would be taken for 
granted by a large number of persons, even if it would 
not quite bear the strictest investigation. When the 
shares were offered at last, and with a grand flourish 
of trumpets, to the public, and the names of great 
bankers, and great solicitors, and great accountants, 
and great brokers appeared at the end of the board 
list—none of these gentleman, however, incurring the 
slightest responsibility—how were the public to resist ? 
What other guarantees could they have, and what 
more could they want? Of course they could inspect 
the deeds which “lie at the solicitors,” but who could 
say that these were not all they should be?” It was 
not for those who did know, but for those who did zo¢ 
know the weakness that the prospectus was prepared, 
and what good would an inspection of the deeds do 
them? So one would apply, and another, and then 
another, and, with but 1/. deposit paid per share, all 
would be delighted, in the course of a day or two, or 
within a week, to see some unofficial notice in an even- 
ing paper of transactions at 1/. to 14/. premium! We 
knew one unhappy fool who, upon the strength of such 
a fictitious quotation, representing only a villanous 
rig” of the market, applied for 1000 shares in a com- 
pany, and after the directors had most liberally allotted 
the whole of them, found that with 50007. paid, and a 
liability of 45,000/. hanging over him, none would take 
the gift of his shares, although the board were sure to 
forfeit them, we will not say diminish their number, 
and re-allot them to themselves or their friends as fully 
ogg shares. Of how many is this single victim to 
1is own ignorance and folly the representative? We 
have seen the payment of calls in such cases resisted 
at law, upon the ground of misrepresentation in the 
prospectus, but it was very rarely indeed, as in the 
case of the Vyksounski Iron Company, that the objec- 
tions were sustained. But why dwell upon such folly ? 
There are none to repeat it now, and company-monger- 
ing is dead. Yet there were thousands to commit it 
two, three, and four years ago; many, indeed, who 
have been entrapped even within a year. The capital 
came in at some rate or other, and if the concern 
could not get an official quotation in the lists 
of the Stock Exchange, it could generally get enough 
subscribed to secure the vendors, at least by calling up 
every penny upon the shares, and, failing this, they 
had always their mortgage to fall back upon. It was 
easy to get in plenty of work, for the profits did not 
so much matter while the capital was being rapidly 
called up, and the lowest tenders could be sent in, thou- 
sands paid to a nearly useless board of directors, and 
handsome dividends declared all at once. When we 


hear of a company with a nominal capital of half a 
million or a milhon, and that it has just paid a.half- 
yearly dividend at the rate of ten per cent., we catch 
the idea of success; but when we learn that of the 
share capital but one-half was ever offered, and of this 
but little more than one-half ever taken, and that the 
actual amount paid in, at the time of declaring the first 
dividend, was perhaps 20,000/. only, and that the 
whole sum paid as dividend was but 1000/.; we learn 
how great. may be the appearance and how little the 
reality. “When a few more such dividends have been 
paid, and the losses upon unprofitable contracts made 
good out of capital, already burdened with a costly 
and practically worthless official establishment, and 
when the’ shareholders have bled to nearly the last 

enny of their means, but not to one-half of their 
Fiabilty,. is it any wonder that all the costly ruin of 
winding-up should begin ? ' We have sketched no more 
than the simplest truth of the history of scores of com- 
panies of which the certain’ collapse is to follow. The 
results are in no way inseparable from the principle of 
limited liability, but have attended, or are yet to attend, 
its inordinate abuse. 





AN UPPER CITY. 


Tue crowded state of the streets of the City of London 
is one of those evils which‘has increased, is increasing, 
and ought to be diminished ; and the question is, in what 
way a suitable remedy is to be applied. The most 
obvious mode of relief lies in the construction of urban 





railways, which will constitute new great lines b 
which the traffie may be conducted. But such rail- 
the most good. with 


ways, to be capable of performing 
the least evil, should not run haphazard in every direc- 
tion which individual interests or caprice may dictate, 
but should be constructed upon an articulate and com- 
prehensive system, so that every part, when completed, 
may form a portion of a great and congruous whole. To 
satisfy our existing locomotive requirements, and to 
ease the traffic in the streets, it should be possible for 
a passenger to proceed by railway from any one part 
of London to any other with a very small amount of 
pedestrian exercise at either end of the journey; and 
this power involves the supposition of a system of rail- 
ways more extended and coherent than anything that 
has yet been contemplated. At present, the utmost 
ambition of railway lines is to carry their.traflic to 
some point inthe city and there discharge it. No 
comprehensive scheme of city lines, each forming a 
part of the — has been projected. Nevertheless, 
it is plain that to this complexion the matter must 
come. Instead of lines converging at different levels, 
and with inconsistent interests, we must have, one great 
harmonious system which will efficiently satisfy the 
public wants, and of which every part shall be con- 

ruous with every other. How such a system may be 

eveloped we shall now proceed to point out. 

And at the outset it will be apparent that’ ag rail- 
ways cannot cross one another as streets do, it is in- 
dispensable that there should be two sets of railways 
on different levels and. running at right angles with 
one another, so as to give the necessary extent of rami- 
fication without mutual interference.. One set of rail- 
ways may either radiate from a common centre like 
the threads of a spider’s web, and be supplemented by 
another set running: in circles, like the connecting 
circles of a spider’s web, but carried on a different 
level; or one set of parallel railways may run. from 
east to west, and: another set, also parallel: with ‘one 
another, but on a different level from the first, may 
run from north to south, whereby the whole area of 
inhabited London will be divided into squares of no 
great size. It is plain that on either system a person 
wishing to proceed from any one part of the town 
to any other will be able to do so by making, at most, 
one change of carriage. For he has‘ only to proceed 
upon the low-level line until he comes to the station 
lying at the corner of the high-level railway street 
he must turn up, and which will lie at right angles 
with the other; and he will then pass up-stairs to the 
high-level railway, which wili deliver him at the par- 
ticular square or section where he desires to be set 
down. 

But it will be said that all this is in advance of our pre 
sent requirements. Be it so. The whole system would 
be too vast, no doubt, for being carried out at once. 
But that is no reason why the system should not be 
formed, and why every urban railway that is con- 
structed, instead of adding to the existing confusion 
and deformity, shall not be so formed as to constitute a 
part of a complete system, perfectly articulated, and 
congruous in all its parts. The plain destiny of the 
railways is to lay out London anew. We shall have ina 
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and shops on each side, constituting, in fact, an upper 
city; and the question which we now have to deter- 
mine is whether we shall allow such streets to grow 
up at random, with all the windings, irregularities, and 
deformities of the old streets of London, laid out 
when every man built his house in the place and of the 
form that seemed good in his own eyes, and when there 
was no guardian of the public interests to control 
individual eccentricity ; or whether, in the new laying 
out of London, we shall not endeavour to impart to it 
some of the symmetry and convenience which Sir 
Christopher Wren intended to have introduced into it 
after the great fire, seeing that from that time to this 
every intelligent mind has continued to regret that his 
admirable plan for the reconstruction of London was 
not edad, We have also our great fire which con- 
sists in the introduction of the railway system into our 
midst, and the inevitable demolition and reconstruc- 
tion arising therefrom. The question we have now to 
consider is, whether we shall repeat, in this nine- 
teenth century, the lamentable error of the fifteenth, 
and by our supineness perpetuate obstruction and 
deformity? Let us not shut our eyes to the magni- 
tude of the changes which the impending introduc- 
tion of the railways into our great cities will produce, 
and let us not discover too late, when most of the 
work has been done, and most of the deformities 
created, that we have lost a great opportunity for re- 
trieving the enormous errors of the past, and for add- 
ing to the comfort, convenience, and beauty of this 
great metropolis to an extent which the most sanguine 
fancy could hardly pourtray. 


THE SMITHFIELD CLUB 

Every year, in the second week in December, the 
engineering of all other newspapers are expected 
to notice the mechanical wonders of the Smithfield 
Club Show.Were ours a daily journal, and did we 
appear on the tenth of November with no notice of 
the glories of the Lord Mayor’s pageant, the day be- 
fore, we could hardly be accused of a greater lack of 
enterprise and a more glaring disregard of time- 
honoured traditions than if we failed to examine and 
record such strides in portable-engine making as one 
may see yearly at the Agricultural Hall. Attendance 
is, therefore, with us a duty; and while the Zimes 
reporter, in his notice of the show, takes care never to 
say “ engines ”’—because they are there by sutlerance 
only, and are ineligible for prizes—we must take 
equal care not to mention bulls, nor sheep, nor pigs. 
Every year the agricultural implement makers are 
allowed,to exhibit whatever they can, within the space 
allotted to them, in their branch of engineering, but 
their “exhibits” are not permitted any exhibition of 
their powers, and some of them might be almost as 
well represented by models or drawings, or even by 
illustrated catalogues. Yet we find, in the great barn 
at Islington, machinery representative of a class of 
which perhaps one million’s worth are now made yearly, 
and sold as agricultural engines and implements. And 
hundreds of well-to-do farmers, who have no passion 
for machinery, but who take to it as a growing necessity, 
come up, after all their crops are in, and they are not 
unwilling to be button-holed by, and to listen to, all sorts 
of advertising clamour from manufacturers’ agents as 
to the special improvements which they represent. 
Does any one doubt how easy it is, with abundant 
cheek, to work upon the agricultural mind? If so, 
here is a circular, issued by Robey and Co., of “ self- 
cleaning and fuel-economising tube and flue valves.” 
These “ valves” are a series of plugs worked from the 
smokebox end of portable-engine boilers, so as to 
partly close the front ends of the tubes, according to 
the requirements of the draught. If the tubes are too 
large and too short, these plugs may, by checking the 
great rush of hot air, save coal, and there is no doubt 
that with the higher pressures and quicker draught now 
maintained in the old type of portable engines, the 
23 in. tubes do give too ready opportunity for the 
The circular does not say 


SHOW. 


escape of the heated gases. 
that the “ valves” 
the earlier patterns are being forced beyond the work 
for which they were made, and it is here, and here 


only that the “valves” would prove useful. Other 
makers, and, notably, among them Messrs. Brown and 
May, of Devizes, have foreseen, in time, that hieher 
pressures and higher speeds are certain to be adopted, 


and they have therefore provided tubes of smaller 


diameter and of greater length than usual, the length 
t Here 
the “valves” would be of no use, but would be in the 

sav and choke the draught. 
—— new evidence of progress in steam ploughing 
oom. John Fowler and Co., 


of the tubes of their 8-horse engine being 7 ft. 


is exhibited this year. 
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are useful only where engines of 


of 4ft. in diameter, may be as safely maintained in 
24 ft. to 3 ft. farm boilers of like materials and con- 
struction, and that the bursting pressure of a 3 ft. 
boiler of the best materials, and double-rivetted, as all 
boilers should be, should not, and need not, be less 
than 900 lb. per square inch. Messrs. Marshall affix 
a feed-water heater to their engines, this being placed 
within the upper part of the smokebox ; they emplo 
steel piston-rods and steel slide-bars also, with the oil 
cups forged on. 

Messrs. Clayton, Shuttleworth and Co. are, as every 
one knows, at the head of the portable engine trade, 


| of the Steam Plough Works, Leeds, have brought out 
|a six-furrow plough for light lands, and are making 
one to cut eight furrows at once. It is being found 
that by thus putting out the full power of the engine 
on light soils, from two to even three acres may be 
ploughed per hour, and at a cost so small that steam 
ploughing is now likely to be adopted to a far greater 
extent than ever. The same makers send two single- 
cylinder engines, one a ploughing engine of their 
ordinary type, with a clip drum, the other an eight- 
horse portable. Messrs. Howards, of Bedford, exhibit 
one of their transverse boiler engines for ploughing, 
with few changes from the example shown a year ago. | and they have turned out nearly 8000 engines, possibly 
Railway engineers will catch the idea when we say this} more. Without dwelling upon any points in the 
is a locomotive boiler with short tubes, and only § ft. | design of their engines—which are known above all 
long over all, placed transversely across the line, the | others—we may repeat what will be conceded by 
engine-man standing at one side of the barrel. The | every one competent to judge, that they are made of 
crank-shaft is connected by bevel gearing to the driving | excellent materials, and are admirably finished. We 
wheels, and altogether the arrangement is less com-| are quite aware, from our experience with a certain 
plicated than might be supposed. ‘The boiler is pre-| portion of mankind, that all honest and utterly disin- 
vented, by its position, from giving any longitudinal | terested praise of deserving works is apt to be set 
strength to the engine as a whole, and this strength is | down as “ puffing,” and yet were we to rave about the 
supplied by a separate framing, connecting the leading | “ points” of a bull instead of a portable engine—in- 
and driving wheels together. Whatever may be the | deed, were we to vent anything like the followin 
mechanical differences between various ploughing | rhapsody from Tuesday’s Zimes, we should be iayend 
engines, we know that they are now, all of them, | suspicion: and here we quote the extreme “ puffing ” 
practicable, and that they are working without hitch | of a steer, if all favourable judgment in a newspaper 
or difficulty, and with great commercial advantage, | is to be thus characterised. We know nothing of the 
upon hundreds of large estates, and, by hiring, upon | animal, but here is the Zimes’ picture of it : 
many hundreds more of small holdings. “ This is unquestionably one of the most wonderful 
Traction engines are gaining constantly in favour, | “ animals ever exhibited. In describing him we can 
not only for steam-ploughing, but for barn and farm-| “ only heap together epithets of magnitude and dimen- 
yard purposes. No man in England has done so much | “ sions, such as length, breadth, depth of frame, out- 
to bring into use a strong simple traction engine as |“ springing ribs, hips a full yard across, a back so 
Thomas Aveling, once a Cambridgeshire farmer, and | “ level and spacious that you might ‘play a game at 
afterwards an Essex brick-maker, but now the head of | “ cards on it,’ a tail well set on, thighs full, breast- 
undeniably the principal firm of traction-engine makers | “ end and fore-quarter extrémely good; the flesh 
in the whole world, whose engines are to be met with | “ handles to perfection, firm and of the right texture ; 
all over the kingdom and all over the Continent, in| “ the hair is fine and sufficiently plentiful, the colour 
India, in Australia, and almost everywhere where | “ red with one or two white spots ; the head and horn 
steam has yet made its way. Messrs. Aveling and|“ are free from coarseness, the eye full and of mild 
Porter’s engines were excluded from the Smithfield |“ expression. If there be a weak point, it is that the 
Show, much as George Stephenson was excluded from | “ flank does not fill your hand well, and perhaps the 
the Institution of Civil Engineers, by “an informal | “ bone may be a trifle too strong, although this is an 
entry ;” but besides the half-size drawing of one of |“ immensely heavy beast. His girth is astonishing, 
these engines at Messrs. Crosskill’s stand, Messrs. | “ being no less than 10 ft. 4in., or 7 in. more than that 
Garrets, of Saxmundham, exhibit an engine which |“ of Mr. Stewart’s great cross-bred in 1862; more 
has been apparently made off Mr. Aveling’s own pat-|“‘ than that of the gold-medal shorthorn ox of Mr. 
terns, leaving off the rearing “‘ White Horse of Kent” Edward Wortley several years ago, and encompassed 
from the smokebox door. The writer has a right to by a tape rae | ten inches shorter than the girdle of 
recal the fact that nearly six years ago, and while | “ the king of all shorthorns, the famous ‘ Durham Ox.’ 
editor of a well-known engineering journal, he was the |“ The adjudication was not long in debate, and the 
first in England to predict in the newspapers the suc- | “‘ red and white riband soon told that the polled Scot 
cess of these engines. How thoroughly the same class | “ was vanquished, and the silver cup won by this mag- 
of ideas has made way is shown by the fact that Mr. | “ nificent cross-bred.” 
| Aveling’s plans are now adopted by several of the| The Reading Ironworks Company, Limited, in ad- 
leading firms, and only evaded in appearance, while | dition to their usual display of engines and imple- 
adopted in reality, by firms of even the highest com-| ments, sent a Lenoir’s gas engine, of which this firm 
| mercial eminence. Among the traction engines is one | have made about one hundred and fifty, and which 
also sent by Charles Burrell, of Thetford. — could have been worked with as little danger as that 
We observe that the steam gauges of several engines | from the great frames of gas jets allowed to blaze all 
are marked to 100 1b., and one, Messrs. Allchin’s, is | overthe hall. The hot-air engine, too, was left outside, 
graduated to 1501b.; and from this we gather that | either by informal entry, or because it was offered for 
agricultural engineers are, as every one of course knows | exhibition in motion. And as for steam fire-engines, 
they are, working to higher and higher pressures. | which the leading makers have for a year or two past 
Here is Allchin’s 8-horse engine, with a boiler made of | exhibited, none are to be seen this year at Islington. 
Shortridge, Howell and Co.’s homogeneous metal, 'Mr. Allen’s “ economical engine ” was conspicuous 
i's in. for the firebox and outside shell, and 7; in. thick | also by its absence, but it was hard at work in pre- 
in the tube-plates. The engine is intended to carry | mises outside. 
80 Ib. steam in ordinary work, and who can doubt that,|__ We conclude our brief notice of the show by observ- 
if the boiler-work and attendance are good, it might as | ing that but few new wants have been declared or met 
well work to 1501b.? The same engine has a steel | tlus year—the excuse being the unprecedented dulness 
crank, steel piston-rod, steel valve-spindle, steel regu- | of trade; but we gather this, that self-propelling engines, 
lator spindle, and steel springs to the axles. All this constructed for higher pressures, and of a sounder and 
| is considerably in advance of the old slow-going makers, | altogether more careful construction, are gradually 
, and whoever has paid attention to the progress in other | Superseding the old-fashioned portable engine, eventu- 
|branches of steam engineering must be aware that | ally to take its place among the respected but super- 
| these are essential details of the portable engine of the seded achievements of the early age of agricultural 
| future. 


engineering. 
| Messrs. Marshall and Sons, of Gainsborough, exhibit 
their 612th engine, of the single-cylinder type, and 

having its steam gauge marked to 100 1b. Every year 
| we can see that the fear of high pressures is breaking 
laway, and that 1001b. and upwards can be as well 
| carried upon a farm as upon a railway, despite all the 
medixval protestations of stand-still manufacturers to 
| the contrary. It is this class of men who imagine it 
|to be rashness, and the consequence of inexperience, 
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MIDDLESBORO’-ON.-TEES. 
To THe Eprror or ENGINEERING. 

Smr,—Will you allow me to correct a small error which has 
been committed by the writer of the excellent series of papers 
on Middlesboro’ and the Cleveland iron districts ? 

In the article on ‘‘ Middlesboro’” the Park which has been 
presented to the town by Mr. Boickow is called the “ Victoria” 
Park. It should have been the Albert Park, the respected 
donor being a countryman of the late Prince Consort, and 





| to speak of higher pressures than their fathers carried, having named it so in honour of him 
| or the eareful Mr. Amos approved of, ten or twenty Yours respectfully, 
jyears ago. So far from bemg rash or ignorant, we| Middlesboro’, Dec. 7th, 1866. Ww. E. Banmare. 











speak from the closest observation of improved boiler 
x won and improved boiler-making, when we say that 
the pressures of 150 lb. to 1601b. now carried with 
perfect safety in railway locomotive boilers, upwards 


FRENCH ENGines.—A marine engine of 960 nominal horse 
power, made at Indret, is to be employed in working pumps at 
the Paris Exhibition. 
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THE WOOD BEARINGS PATENT. 


We so fully reported, in our number of May 4th 
last, the points at issue, and the evidence adduced, in 
the trial of Penn v. Bibby and Penn v. Jack, that we 
need only summarise them here. Mr. Penn, of Green- 
wich, took out a patent in 1854 for the now univer- 
sally known “wood bearings” for screw-propeller 
shafts. It had been here and there urged that the 
plummer blocks of a water-wheel were “ bearings,” and 
that these had long ago been made of wood, and that 
therefore there could be no novelty in Penn’s “ wood 
bearings”—bearings, we believe, as widely and dis- 
tinctively known by his name, at this time, as are his 
own trunk engines, now working in every sea upon the 
face of the globe. And, apart from a loose presump- 
tion of this sort, there was no opposition met to Mr. 
Penn’s patent, until lately, when a Liverpool firm, who 
had already applied a score or more of Penn’s wood 
bearings without disputing his legal rights, suddenly 
discovered that | had themselves fitted wood bear- 
ings to the screw-shaft of a Liverpool steamer some 
years before the date of the patent. It is singular that 
this defence should have been set up only after Mr. 
Penn’s patent had been in force for twelve years, and 
that by men who professed to have anticipated the 
patent some seventeen years ago. We will not dwell 
upon the details of their evidence and their principal 
witnesses’ evidence, inasmuch as from the Lord Chan- 
cellor’s judgment (which we reprint in full upon another 
page) they have apparently laid themselves open to a 
charge of perjury, after making every reasonable allow- 
ance for the circumstances under which the evidence 
was obtained and sworn. 

But we wish particularly to place upon record this 
important decision of the Leak Chancellor, as fixing 
the nature and the formal character of those two great 
instruments in patent litigation—the provisional and 
the complete specification. It is the more important 
as being in opposition to the decision of the late Lord 
Chancellor, Lord Westbury, in the now famous case 
of Foxwell v. Bostock. In that case Lord Westbury 
stood out for almost clerical exactness of agreement 
between the title, the provisional specification, and the 
complete specification. Had Lord Westbury heard the 
cause of Penn v. Jack, we doubt whether the plaintiff 
would not have lost his cause and been cast in costs, 
not from what we conceive to be any real weakness in 
his case, but from the artificially strained interpretation 
of.patent law upon which Lord Westbury insisted. 
We have all been warned, and for several years, by a 
patent agent’s advertisement, enjoining us to “look 
to our provisional specifications,” that a certain agree- 
ment was essential between the provisional and the 
complete specification of a patent. The writer of this 
advertisement was no more an inventor than Lord 
Westbury himself, and, however well-intentioned, had, 
no more than him, any notion of the difficulties which 
beset the real inventor, nor of the broad and whole- 
some policy which induces the State to encourage 
inventors by the assurance that, beyond the necessity 
of good faith, no technical and unworthy obstacles 
shall be opposed to them. Lord Westbury argued like 
a lawyer, while theLord Chancellor merely states, what 
any one of ordinary intelligence should know, that there 
should be no palpable and irreconcilable difference 
between the title and the provisional and complete 
specification. His whole reasoning amounts to this, 
that there should be no essential variance, still less no 
room for suspecting intentional variance, between the 
one and the other. Those who believe that all men act 
from design, irrespective of honest independence or 
principle, might be inclined to accept Lord Westbury’s 
dictum, while those who act upon the belief that men 
are naturally honest, and that special appeals need be 
made to them only to direct a not to mislead their 
attention, will find much cause for congratulation in 
the decision re Penn v. Jack. 








America.—A correspondent of the Times, writing from the 
Western cities of the United States, states that Lake Michigan 
18 400 miles wide opposite Chicago, while the Mississippi river 
at Saint Louis is no wider than the Thames at London-bridge. 
We presume the width assigned to the lake is a typographical 
error, 40 miles being nearer the mark. The Mississippi at St. 
Louis is, on the average, half a mile wide. This, indeed, was to 
have been the single span of Mr. Roebling’s proposed suspension 
bridge. A tunnel is now roposed, and its length is to be three- 
fourths of a mile. The Thames at London-bridge is less than 
800 ft. wide. 

Fasr STEAMING.—For a November passage to the westward, 
which is always more opposed by winds and currents than the 
eastward passage across the Atlantic, the Scotia has done 
wonders. On the 20th November she made 335 miles; 21st, 316 
miles ; 22nd, 341 miles ; 23rd, 330 miles ; 24th, 332 miles; 25th, 
316 miles; and 26th, 354 miles; an average of nearly 14 knots, 
or quite 16 statute miles an hour for seven days together. 





MACINTOSH’S CABLE. 
To THe Eprror oF ENGINEERING. 


Srr,—In the article on ‘ Macintosh’s Submarine Cable,” in 
our last issue, there is, I think, a misapprehension as to the 
— of the paragraph of Mr. Macintosh’s pamphlet in which 
“the writer points out that if the properties both of conductive 
‘and inductive resistance be greater in one material than in 
“ another, the use of the superior insulator will allow of the 
“ weight of the conductor (as well as that of the insulator) being 
* reduced.” 

It is true that ‘increased battery power in no way modifies 
“ the speed of signalling,” and that “the speed of working is, 
“* ceteris paribus, inversely as the resistance of the conductor.” 
To these two facts may, however, be added a third, viz., that the 
speed of working is, other things being the same, directly as the 
inductive resistance of the insulating sheath. Now these facts, 
taken collectively, indicate that we may diminish the sectional 
area of the wire ad libitum, provided that we compensate for the 
diminished conductivity of the wire by an increase in the induc- 
tive resistance of the dielectric, and that we augment also the 
battery tension in order to obtain the requisite intensity of 
current. But there are other facts which, in the generality of 
cases, interfere both with this conclusion and with its application 
in practice. There is, for instance, reason to believe that it 
would not be safe to employ high battery tensions in the case of 
gutta-percha, and again in all cables insulated with this material, 
the ratio of the weight of gutta-percha to the weight of copper per 
unit is already greatly in excess of that which theoretically 
eorresponds with the maximum signalling capacity at the mini- 
mum cost, so that it would by no means be advantageous further 
to augment this ratio in order to render possible a diminution in 
the weight per mile of the conductor. 

Without pausing to inquire into the reasons why, in the 
Atlantic cables, for instance, this ratio is so much in excess of 
that which is theoretically the most economical, it is easy to 
perceive that the conditions might be altogether different in the 
case of a similar cable insulated with the paraffin compound, a 
material low in price and vastly superior to gutta-percha in the 
property of specific inductive resistance. In this case the addi- 
tional peg of the dielectric, of retaining, and of being un- 
affected by, electrical charges of very high tension, might very 
possibly be one of great value in an electrical and in a pecuniary 
sense. 

To take the extreme case, let us suppose that our dielectric 
ind. res. of dielectric 

cond. res. of wire ’ 
would naturally increase, as far as might be practicable, the 
numerator of this fraction, in obtaining a given value for the 
latter. And in certain cases we might, in so doing, increase the 
thickness of the insulating sheath until the addition of any fur- 
ther coatings would be practically ineffective. But, before reach- 
ing this point, it might in other cases be advantageous to reduce 
the diameter of the wire, in order to utilise to the utmost the 
inductive resistance of the dielectric in obtaining the required 
rate of speed. And here the susceptibility of the insulator to 
electrolytical deterioration, or its specific resistance to the 
passage of electricity, would become points of very considerable 
practical importance. 

The assertion that “twenty cables of similar dimensions, 
“ united in one circuit, would give only the same speed of work- 
“ing as that of one wire”—this “wire” being, as I apprehend, one 
of the twenty—must, to say the least of it, be taken cum grano, 
though it might by some be regarded as a legitimate deductiou 
from the above equation for speed. In this as in most other 
instances, it is unsafe to apply a formula, expressing certain 
physical relations, with one’s eyes shut to all and every modifying 
circumstance. It is true that when several cables instead of 
one are used in single circuit, the conductivity of the system is 
augmented at the expense of the resistance in the inductive 
circuit; but the above statement would be absolutely true only 
in the absence of all limitation as'to the battery power to be used 
in signalling, ‘The accuracy of this statement, on the one hand, 
and the correctness of Mr. Macintosh’s proposition, on the other, 
depend, moreover, very much upon the system of trannmission 
adopted. Those who gre acquainted with the conditions which 
prevail during the “ variable state” which precedes the altimate 
distribution of tensions in a submarine conductor will readily 
perceive that if, with one cable, a certain intensity of current, 
necessary for the production of a signal, is obtained, at the 
receiving station of the line, in the time ¢, the same intensity of 
current, with cables united in single circuit, will be obtained 


costs us nothing; then, since speed= 


in the time a 
n 


In conclusion, I may observe that several scientific tele- 
graphists, including Professor Wheatstoue, are well acquainted 
with the electrical and chemical properties of the insulator which 
Mr. Macintosh has added to the matériel of submarine 
telegraphy—a compound which certainly cannot with any 
degree of correctness be described as ‘‘ a heterogeneous mass.” 
And I think 1 may say that all who have examined this 
insulator—being competent enough to arrive at a conclusion as 
to its electrical properties and commercial value—have been im- 
pressed with the conviction that its adoption would completely 
revolutionize the art of telegraphic construction as at present 
understood. 

Iam, &c., 
Desmonp G. Frrz-GERALD. 

7, Camden-terrace, Wandsworth-road, S. W. 








MANCHESTER AND SHEFFIELD.—The North-Western Com- 
ce ty new bill for a railway, 24 miles, from Chapel-en-le- 
‘rith to Sheffield, will be one of the great bills of the coming 
session, Strangely, no one but ourselves had examined this 
deposit until yesterday. It has maximum gradients of 1 in 100, 
and two tunnels, one four miles, the other three miles in length. 
The bill will fail on standing orders, because the radii ot the 
curves, less than one mile, are not given. It steers clear of the 
Manchester, Sheffield, and Lincolnshire line, and it crosses the 
Sheaf twenty-two times in approaching Sheffield. 





TIME AND THE ANTIPODES. 


To THE Eprror or ENGINEERING. 


Str,—I have only lately seen the letters on “ Time at the 
Antipodes.” A reductio ad absurdum is often more convincing 
than argument, so, if you will allow me, I will present the fol- 
lowing one to “ Ignoramus :” 

We often see it remarked in the papers that a tele from 
London to Liverpool, for instance, reaches the latter place twelve 
minutes before it started; because, if it left London at noon it 
would arrive at Liverpool twelve minutes before noon, on ac- 
count of the difference in longitude. Supposing this to be true 
let us follow it out. 

If the telegram passed Liverpool and went on to New York, 
by the same reasoning it would arrive about five hours before it 
started, and if it passed New York and, still going westward, 
returned to London, it would arrive there twenty-four hours be- 
Sore it started; thus, leaving at noon on Wednesday, it would 
arrive in a moment in the very same place at noon on Tuesday, 
thus a day would be reclaimed from the t. 

But it is evident that it makes no difference by what exact 
route the message goes, so long as it passes round the axis of 
the earth and towards the west; thus, if it were possible to get 
to one of the poles of the earth, as indeed it may be some day, 
the same thing would happen if the message were sent round a 
small circle a foot or even less in diameter. Round such a 
circle aman might run, and thus by the same reasoning every 
time he did so he would reclaim a day from the past; that is, 
would become a day younger, till with industry he might arrive 
at his own infancy again, or even at some remote date before his 
birth! This is sufficiently absurd surely, but seems to follow 
without any flaw if it is a fact that telegrams sent towards the 
west arrive before they start. 

Yours truly, 
Nortu Pore. 

P.S.—Could any of your correspondents enlighten me on this 
other point? In what country will men first date their letters 
1867. Or put in another way, if at 12 at midnight in Londoa, 
on December 31, some person in every country began to write 
a letter, in what countries would they use the date ’66, and 
which ’67 ? 


SURGERY FOR RAILWAY MEN. 

A corresPonvEnT of The Scientific American writes as 
follows upon Practical Surgery in Cases of Accident: “I 
beg leave to call attention, through your columns, to a matter 
which, although not within your immediate province, must con- 
cern many of your readers. The utmost care and skill in the 
management of railroads, machine-shops, and factories, cannot 
always avert accidents, often so grave as to imperil or destroy 
life. Very often, however, these accidents prove fatal, or the 
subjects of them experience much suffering, because those who 
are on the spot and uninjured do not know of some simple mea- 
sures to be taken at once, before regular surgical assistance can 
be had. Such cases occur within the observation of all hospital 
surgeons. I have seen many of them, and one which came 
se my notice last summer, and proved fatal, especially im- 
pressed me with the importance of preventing them, if it can be 
done, I have, therefore, prepared the following set of brief and 
simple directions in the plainest terms, as to the course to be 

ursued under such circumstances, The dangers to be feared 
in these cases are, shock or ee oy loss of blood, and unneces- 
sary suffering in the moving of the patient. 

“ In shock the injured person lies pale, faint, cold, sometimes 
insensible, with laboured pulse and breathing. 

‘‘ Apply external warmth, by wrapping him up (not merely 
covering fim over) in blankets, quilts, or extra clothes. Bottles 
of hot water, hot bricks (not too hot) may also be wrapped up in 
cloths and put to the i along the sides, and between the 
feet, if they are uninjured. 

“If the patient has not been drinking, give brandy or whisky 
in tablespoonful doses every filteen or twenty minutes—less fre- 
quently as he gets better. Food (strong soup is the best) should 
also be given now and then. 

“Ifthe patient is not bleeding, do not apply any constriction 
to the limb, but cover the wounded part lightly with the softest 
rags to be had (linen is the best). 

“If there is bleeding, do not try to stop it by binding up the 
wound. The current of blood to the part must be checked. To 
do this, find the artery, by its beating; lay a firm and even com- 
press or pad (made of cloth or rags rolled up, or a round 
stone or piece of wood well wrapped) over the artery, tie a hand- 
kerchief around the limb and compress ; put a bit of stick through 
the handkerchief, and twist the latter up until it is just tight 
enough to stop the bleeding; then put one end of the stick 
under the handkerchief to prevent untwisting. 

“ The artery in the thigh runs along the inner side of the 
muscle in front near the bone. A little above the knee it passes 
to the back of the bone. In injuries at or above the knee apply 
the compress high up, on the inner side of the thigh, with the 
knot on the outer side of the thigh. When the leg is injured 
below the knee apply the compress at the back of the thigh, just 
above the knee, the knot in front. 

“ The artery in the arm runs down the inner side of the large 
muscle in front, quite close to the bone; low down it gets fur- 
ther forward toward the bend of the elbow. It is most easily 
found and compressed a little above the middle. 

“ Care should be taken to examine the limb from time to time 
and to lessen the compression, if it becomes very cold or purple; 
tighten up the handkerchief again if the een begins afresh. 

“To transport‘a wounded person comfortably, make a soft 
and even bed for the injured part of straw, folded wg some | 
quilts, or pillows, laid on a board, with side-pieces of boa 
nailed on, where this can be done. If possible, let the patient 
be laid on a door, shutter, settee, or some firm support, properly 
covered. ‘Have sufficient force to lift him steadily, and fet those 
who bear him not keep step.” 














‘Tue Soctety or ENGINEERS.—At the annual general meet- 
ing of this Society, which took place on Monday last, the follow- 
ing gentlemen were elected members of the council: W. H, 
Le Feuvre; B. Latham; F. W. Bryant; C. J. Light; V. Pen- 
dred; W. Adams; and J. Hendry.; 
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RAILWAY BRIDGES AND CULVERTS. 


WE reviewed, last week, a useful book,* by Mr. J. W. Grover, 
which is intended to facilitate the preparation of Parliamentary 
estimates or provisional contracts for various kinds of railway 
bridges and culverts; and we now give engravings, prepared 
from two of the plates of that work, showing the manner in 
which the details of the works are represented. Figs. 1 to 5 
refer toa culvert for carrying an occupation road through a 
bank of from 20 ft. to 50 ft. in height, and the remaining figures 
represent a road bridge over a railway, the height from rail to 
road level being 18 ft. It will be seen that all the principal 
dimensions of the works are figured in the drawings, and in the 
accompanying tables the quantities of materials, Mc., are given, 
as will be seen from the following extracts. ‘Ihe first extracts 
refer to the culvert shown by Figs. 1 to 5, and they give the 

uantities for such a culvert under a double line of railway, the 
height of the bank being in the one case taken at 20 ft., and in 
the other at 50 ft.: 





* Estimates of Railway Bridges for Turnpike, Public, and 
Occupation Roads in the Embankments of Double or Single 
Lines and Cuttings of Double Lines; also Culverts of various| 
By J. W. Grover, C.E. Longmans and Co. | 


Dimensions 








Height to Height to 
formation, 20 ft. formation, 50 ft. 

Available span coe 612 ft. 12 ft. 
Brickwork in arch, in 

cement 53 cub. yds. 223 cub. yds. 
Brickwork in mortar 226 us 491 . 
Total brickwork ... 279 “ 7 |}~ 
Asphalte ++» 112 sup. yds. 27 sup. yds. 
Excavation in foun- 

dations e. 62cub. yds. 160 cub. yds. 
Stone eo. 41 cub. h. 41 cub. ft. 
Reference letters on 


engraving eee iG. AAA, 

In the case of the bridge represented by Figs. 6 to 12, the 
different widths necessary, according to whether the bridge is to 
be used for an occupation, public, or turnpike road, are shown by 
the balf-plan, Fig. 9, and the quantities, &c., for the public road 

bridge are given in Mr. Grover’s table, as follows: 
Road raised ese 20 ft. 


Height from rail to road ese 18 ft. 
Brickwork in mortar 449 cub. yds. 
Stone, ose eve eee 92 cub. ft. 
Asphalte ... ee ° 82 sup. yds. 
Excavation in foundations... 98 ok yds. 
Metalling, 12 in. thick am 103 sup. yds. 


AND CULVERTS. 





Wiettttldtta tot: 
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The estimated cost of the works is also given by Mr. Grover, 
as well as the schedule of prices upon which the estimate is 
based, so that the amount can readily be increased or diminished. 








Frencu Licutuousss.—It appears that in 1864 there ex- 
isted on the coasts of France and Corsica 275 lighthouses of 
various descriptions. Of the 275 lights, 43 were of the first 
class, 6 of the second class, 35 of the third class, 186 of the 
fourth class, and 5 were floating lights. Three of the lights 
date from the seventeenth century, and four from the eighteenth. 
In 1825, when a commission des phares was formed to estabiish 
on the French coast a system of lighting which had become in- 
dispensable, there were only twenty-five lights in existence, 
and several of these were only port fires. Since then a methodi- 
cally conceived policy of extension has been steadily carried 
out. There are no light dues on the French coasts, the ex- 
penses of the lighthouses established being supported out of the 
national funds. 

PrerrRoLeuM For LocomoTivEs.—Mr. Richard Eaton, loco- 
motive superintendent of the Grand Trunk Railway of Canada, 
writes us that on the 17th ult. he had an engine under steam 
and at work, burning only coal oil. For a first trial, the new 
fuel answered remarkably well; but further —— are to 
be made, and the use of petroleum is not considered as 
established. ’ 
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THE WALSCHAERTS VALVE GEAR. ot wtlch we Mates bp tee node daeaaee 
is one which has been patented in | yd M. Wal- 


schaérts, who was, and we believe still is, the locomo- 
tive superintendent of the southern division of the Bel- 
gian States railways. It is described in a German 
work by Herr Hensinger von Waldeck, and its action 
is theoretically investigated by Zeuner in his book 
entitled “Die Schiebersteuerungen,” but we believe 
that it has not been practically applied in Germany. 
M. Desmousseaux, of Givre, also, ixspecteur du matériel 
of the Northern Railway of France, has presented to 
the Société des Ingénieurs Civils an investigation of its 
— which was published in their transactions for 
861. 











* In Belgium this valve gear is in use upon almost all 
the single driving-wheel engines constructed for the 
Belgian State railways by St. Leonard at Liége since 
1853, one of which engines was shown at the Paris 
Exhibition of 1855; whilst it is also applied to a 
number of engines on other Belgian lines, and it will 
be remembered that a month ago we gave an illustra- 
tion of an express engine for the Grand Central Rail- 
way of Belgium, which was fitted with it (vide pa 
378 of the present volume). In France it has only 
been apolied to some of the “Crampton” engines o 
the Chemin de Fer du Nord, and it is to M. Jules 
Morandiére, of that line, that we are indebted for some 
of the notes upon its action contained in the present 
notice. 

An examination of a table showing the actual work- 
ing of this valve-gear, together with a consideration of 
the theoretical investigation of its action carried out by 
M. Desmousseaux, leads to the conclusion that the dis- 
tribution of the steam effected by it is practically the 
same as that given by an eccentric of variable throw 
but constant linear advance, and this will, we think, be 
understood from the following description of the 
Walshaérts “ez . From the accompanying dia- 
grams, Figs. 1 and 2, it will be seen that the motion 
transmitted to the valve is derived from two sources, 
namely, the piston-rod crosshead and a crank pin 
carried by an overhung crankarm. ‘This arm is placed 
as shown in Figs. 1 and 2, so that the crank pin carried 
by it is situated on a line at right angles to that of the 
main crank to which the connecting-rod is attached. 
Under these circumstances the valve-crank, as we may 
term it, would, if connected direct to the valve, com- 
municate to it the motion required by a valve having 
neither lap nor lead; but this motion is modified in the 
following manner: Instead of the valve-crank being 
connected direct to the valve, it is coupled by means 
of the rod, B, to the lower end of a link vibrating ona 
fixed centre, as shown in the figures. The upper end 
is curved to an arc of a circle struck with a radius 
equal to the length of that portion of the radius rod, 
AD, which connects it to the ‘point, D, on the lever, 
CDE. According, therefore, to the position in the 
curved link of the block carried by the radius-rod, 
A D, a greater or less amount of motion will be im- 
parted to the point, D, this motion being of course 
reduced to mi/ when the radius-rod is horizontal, as 
shown by the dotted line, A D, in Fig. 2. The lower 
end of the lever, E D C, is coupled by a link, E K, 
with the piston-rod crosshead, whilst the upper end, C, 
is attached to the valve spindle. 

When the piston is at the end of its stroke, as in 
Fig. 1, the curved link to which the rod, B, is attached 
will (neglecting the slight disturbance caused by the 
obliquity of the rod, B) be at the centre of its stroke, 
and the same will, of course, be the case with the 
i D. But, at the same time, the lever,C D E, 

eing connected to the crosshead, will be at its greatest 
inclination, as shown in the ory and by this means 
M the point, C, which is attached to the valve spindle, 
will be moved beyond its middle position by the 


a 

ssl 

A “7 | amount, G C. ‘This amount, G C, will of course 
> bear the same proportion to E H (or half the stroke 
ae sd P of the piston) that C D does-to D E, and these last 
ar, 4 ay proportions are so d that the distance G C is 















































equal to the lap of the valve added to the lead, and it 
is thus sufficient to give the proper opening to the 
port at the commencement of the stroke. A similar 
effect is produced at the other end of the stroke, 
:  . the positions of the parts being, however, in this case, 
\ Pd / ~ reversed, as shown in Fig. 2; and we may remark here 
’ / that at either of these two points the radius rod, A 
\ D, can be worked up and down through the full ex- 
\ tent of its traverse without altering the position of the 
‘ valve, just as it can in the case of an ordinary 
\ , stationary-link motion. It will be seen also that, as 
3 the advance of the valve is due, not to the action of 
7 the valve crank, but to the movement of the lever, E 
Ng D C, which is driven from the crosshead, the amount 
oe of this advance will be constant at whatever travel 
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the valve may be working, and this is another qualifi- 
cation in which the Walechaérts gear resembles the 
stiitionary-link motion. 

In order to show more clearly the analogy between 
the Walschaérts gear and an eccentric with variable 
throw, we will trace out and compare the movements 
given to the valve by the two gears when the valve- 
rod is in two different positions, and in the first place 
we will suppose it to be in mid-gear, as shown by the 
dotted line, A D, in Fig. 2. In the Walschaérts gear, 
when the radius-rod is in the position shown by the 
dotted line, A D, in Fig. 2, the action of the valve-crank, 
as we have already stated, communicates no motion 
to the point, D, and that point may therefore be 
nate as a fixed fulerum upon which the lever, 
C E, vibrates. Under these circumstances the whole 
movement of the valve is that due to the vibration of 
the lever from the position C E to that marked C1E), 
this movement being equal to C C’,=2(lap + lead), 
and being derived from the crank it is similar to that 
given by an eccentric having a throw equal to the lap 
added to the lead. In the stationary-link motion the 
movement of the valve in mid-gear is also, as is well 
known, =2(lap + lead), the lead in this case, however, 
being that due to the combined action of the advance 
# of the eccentrics and the varying obliquity of the 
eccentric rods. 

Next, when the Walschaérts valve motion is in full 
gear; and in this case it will be convenient that we 
should neglect the slight (and practically inappreciable) 
irregularities of the Walschaérts gear caused by the 
varying obliquity of its connecting links. In the 
diagram of a portion of the Walschaérts gear, Fig. 3, 
A B is the centre line of the valve-spindle to which the 
end, C, of the lever, C D E, is attached. The positions, 
CDE and ADM, of this lever corresponding with 
the ends of the stroke of the piston being laid down, 
and the points, E and M, being connected by the 
straight line, EM, there can be marked off on 
this Fine the various positions, a, 4, c, &c., of the piston 
corresponding to the positions of the crank pin, 2, 3, 
4, and 5, these positions being separated by an equal 
angle, d. For finding the corresponding positions of 
the point, D, an arbitrary lme, ST, must be drawn 
parallel to the centre line of the valve-spindle, the 
point, 8, coinciding with a line drawn, at right angles 
to the centre line of the valve-spindle, through the 
intersection of the:two lines, ED C,A DM. From the 
point, 8, must be described, with a radius, S:, equal 
to the throw of the valve-crank, a quarter of a circle, 
and this must be divided out in the same manner as 
that from which the positions of the piston were de- 
termined. The manner in which the ‘visions of the 
main and valve crank circles should be numbered is 
shown in Fig. 3 and also in Fig. 4. 

If through the divisions 1, 2, &c., of the circle de- 
scribed from the centre, 8, lines be drawn parallel to 
C H, these lines will mark the horizontal movements 
of the point, D ; and if a straight-edge, having marked 
upon it the length of the lever, E C, together with the 
position of the point, D, be then taken and placed so 
that, whilst one end is kept on the line, A B, the point, D, 
is brought successively upon each of the lines just men- 
tioned, marking the position of that centre, the end, E, 
being at the same time placed upon the correspondingly 
pecen eh line marking the position of the piston, then 
the positions successively assumed by the straight-edge 
will represent the positions which would be assumed 
by the lever, C D b and these positions can be laid 
down as they have been done in the diagram. In this 
way the various positions assumed by the valve will be 
marked upon the line, A B, and it will be seen that the 
valve attains the limit of its traverse in one direction 
when the piston is near the pcesition marked 4. 

To compare the positions of the valve just laid 
down, with those which it would assume if p wee by 
an ordinary eccentric, having a throw equal to half the 
travel imparted to the valve by the Walschaérts gear, 
we may proceed as shown in Fig. 5. In this figure the 
centre, N, is situated upon a prolongation of the line, 
GH, of Fig. 3, and from it there is described a circle 
with the radius, G B, equal to half the travel of the 
valve. This circle is divided out nto the same num- 
ber of parts as that representing the path of the crank 
in Fig. 4, the divisions, however, in the case of Fig. 5 
commencing from the point which represents the posi- 
tion that the eccentric would occupy at the commence- 
ment of one of the strokes of the piston if set with 
a linear advance equal to G C, If, now, from the 
divisional points, 1, 2, 3, &c., of the circle in Fig. 5 
lines be drawn parallel to N H, it will be found 
that these lines will pass through the points on the 
line, A B, marking the corresponding positions of the 
valve when driven by the Walschaérts gear, and a proof 





is thus afforded of the similarity of the movements im- 
parted to the valve by the two methods of working it. 
Under certain arrangements the ordinary link motion 
also gives a motion to the valve, which is practically 
identical with that given by a single eccentric, and in 
such eases its action is, of course, the same as that of 
the Walschaért’s gear; but very generally the parts of 
link motion are so arranged as to counteract to some 
extent the unequal admissions of the steam during the 
two strokes of the piston which would otherwise be 
caused by the obliquity of the connecting-rod, and 
these adjustments cause the motion imparted to the 
valve by it to vary somewhat from that given by a 
single eccentric. 

The Walschaérts valve gear could not be ‘readily 
applied to many English locomotives; but on the Conti- 
nent, where outside valve gears are not objected to, and 
are even in many cases preferred, it is more generally 
applicable. ‘The principal advantages attendant upon 
its use are, that it renders the use of eccentrics un- 
necessary, and that it is but little affected by the 
vertical play of the driving axle consequent upon the 
action of the bearing springs. Its parts, also, are all 
readily adjustable. 

RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the present year, and the year 
1866 should be given in ordering them, at the 
annexed prices, from the Great Seal Patent Office, 
Chancery-lane. 

(No. 1006, 8d.) R. W. Thomson, of Edinburgh, 
patents a steam gauge, in which the steam acts within 
a hollow twisted metal ribbon, in outward form some- 
what like the blade of an augur, only of much coarser 
itch. The distension of the hollow sides by the steam 
eatin the central portion of the ribbon and causes 
it to untwist, according to the pressure. 

(No. 1007, 10d.) Foster and Hollinrake, of Bury, 
patent an application fof plate moulding to moulding 
pipes. 

(No. 1009, 4d.) B. F. Weatherdon, of 77, Chancery- 
lane, patents the use of lucerne grass as a material for 
paper-making, and also the extraction from it of soda 
salts. 

(No. 1012, 4d.) Messrs. Macgeorge, of Newry, 
Ireland, patent a feathering paddle-wheel, of which no 
drawing is given, but which, from its description, 
appears to be the same as has been patented before, 
the floats being kept vertically in the water by an 
eccentric arrangement. 

(No. 1018, Is.) J. P. Tregaskis, of Perranawor- 
thal, Cornwall, patents placing artificial obstructions 
in the beds of rivers in such a manner as to deepen 
and widen the channel by local scour. 

(No. 1023, 10d.) Sparrow and Poole, of the Frood 
Ironworks, near Wrexham, patent details of apparatus 
for taking off blast furnace gases. The improvements 
consist in the arrangement of the flues, and in the 
means of applying them while the furnace is in blast. 

(No. 1028, 8d.) James Frost, of Dudley, patents a 
stone-breaking machine, which is, to our mind, a very 
close resemblance of Blake’s well-known machine, 
although there are differences of detail. 

(No. 1031, 10d.) G. A. Ermen, of Eccles, Lan- 
cashire, patents the use of endless bands of flannel, 
over the series of top rollers of spinning-machines, for 
clearing them of “fly” or lint. The bands have a slow 
movement, and press lightly upon the front, back, and 
intermediate rollers. Another improvement is for 
lubricating the spindles of spinning-frames. A small 
wheel revolving with its lower edge in an oil reservoir, 
is made to bear also against the side of each spindle, 
just above the wharve.: Another improvement is for 
placing the bobbin upon a tube, the spindle revolving 
within the tube. 

(No. 1038, 8d.) William Bond, of Denmark-street, 
Soho, patents a mode of taking off a portion of the 
yressure upon slide valves by causing them to slide 
— a short hollow piston, through which the steam 
is admitted to the top of the valve. Another improve 
ment is for reversing, and consists of a sliding-block 
between the valve and cylinder face, and which may be 
moved as required, so as to convert the steam-ports 
into exhaust-ports, and vice rersd. This would not, 
we presume, allow of lap or lead being given to the 
valve. A sliding block for the same purpose, and 
much the same in principle, was patented in America, 
many years ago, by Joseph Harrison (the patentee of 
the “ Harrison boiler’), and was extensively used by 
him in locomotive engines. It is illustrated in “ Loco- 
motive Engineering,” and was afterwards patented 
in France by M. Mazaline. It would require drawings 
to make Mr. Bond’s ideas quite clear. 





(No. 1039, 6d.) A. H. Brandon, of 13, Rue Gaillon, 
Paris, as the agent of an American inventor, patents a 
curious construction of railway bearing springs, in 
which the plates, from 34 to 7m. only in thickness, 
take their load upon their ends and in the direction of 
their length. though they thus spring by buckling, 
they are so curved in two directions as always to tend 
to straighten themselves. 

(No. 1041, 4d.) J.J. Bodmer, of Newport, Mon., 
patents passing blast-furnace slag, as it runs off, be- 
tween ‘aon and then into water, to reduce it to 
powder for mortar, artificial stone, cements, &c. 

(No. 1044, 4d.) H. B. James, of Fish-street-hill, 
E.C., patents adhesive compounds for attaching copper 
plates to iron or wooden ships. He —— a variety 
of compositions, and gives no particular preference to 
either ; and they consist generally of resin, whiting, 
litharge, turpentine and linseed oil, india-rubber, 
mastic, red-lead, &c., variously mixed, and applied hot 
after a short period of boiling. 

(No. 1045, 10d.) W. J. Cunningham, of North- 
crescent, Bedford;square, W.C., patents a convenient 
tool for drilling or ornamenting metals or other work, 
the tool being a spindle with a drill or rose-cutter, 
capable of being easily fitted to an ordinary lathe or 
saw-bench. 

(No. 1047, 8d.) Messrs. Samuel Chatwood and 
Sturgeon, of Bolton, patent a novel engine in which 
air, or spray, or low-pressure steam is to be admitted 
within the cylinder, and there heated by electricity. 
In other cases, with small separate generators, the 
speed of the engine is to be controlled entirely by the 
quantity of water pumped, the governor acting upon 
the pump. These generators are to be bolted together 
with a system of springs, so that the boiler can open 
its seams henley when the pressure becomes too 
great ! 

(No. 1048, 1s. 10d.) William Clark, of Chancery- 
lane, as the agent of French inventors, patents im- 
proved details of the grinding surfaces of metallic 
mills. 

No. 1050, 8d.) Thomas Brittan, of Tysoe-street, 
patents improvements upon electric signal-bells having 
clockwork to strike the sen To insure the clock- 
work being always wound, the instrument for sending 
messages is to have an attachment whereby every time 
it is used it partially winds up the clockwork, by a 
lever, pawl a ratchet-wheel. A frictional coupling is 
interposed between the ratchet-wheel and the clock- 
work to prevent over-winding. 

(No. 1051, 10d.) V.S. Fombuena, of Paris, patents 
cross sleepers for railways, the sleepers being made of 
heavy T iron, with a broad top flange. 

(No. 1055, 1s.) Mr. James Gresham’s patent for 
improved Injectors is illustrated in connexion with an 
article upon “Boilers and Boiler-feeding,” upon an- 
other page. 

(No. 1057, 10d.) Murray and Jennings, of Loman- 
street, Southwark, patent brick-machines in which 
deeply fluted rollers in the bottom of the clay hopper 
are geared together, and employed to force the i oa 
into the moulds. To us it appears that these rollers 
would churn the clay rather than force it outward. 

(No. 1068, 2s.) R. E. Kaulbach, of 9, Grove-road, 
St. John’s-wood, patents a wonderful submarine 
* bridge” to be put down in the Atlantic to carry 
telegraph cables. Vessels are to be sunk seventeen 
fathoms below the surface, and in that position moored 
to the bottom, and a series of these vessels is to serve 
as supports for the cable. 

(No. 1072, 1s. 6d.) Agricultural engineers may 
like to send for Messrs. Hayes’s specification for 
straw-shaking end delivering apparatus. We could 
not describe it without drawings. 

(No. 1086, 10d.) William Bullough, of Blackburn, 
patents a compact warping and sizing machine, or 
slasher.” The beams are supported upon endless 
belts or rollers ; circular brushes, revolving ata surface 
speed greater than the travel of the yarn, and in the 
same direction, are employed to lay the loose fibres ; the 
drying cylinder, a huge affair, is placed either wholly 
above or below the yarn; and a few other details are 
specified. 

(No. 1090, 10d.) James Marshall, of the well- 
known firm of Messrs. Marshall and Sons, of Gains- 
borough, patents a feed-water heater for portable 
engines. tt is a gun-metal vessel, with an annular 
space around it, and is placed in the smokebox. The 
exhaust steam passes into the interior, the water being 

yumped ‘uote the annular space on its way to the 
Poiler. Ouly a small portion of the steam is condensed, 
and this is returned y mee with the feed to the boiler. 
The rest of the steam goes up the blast-pipe in the 
usual manner. This improvement was fitted to the 
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ortable engine exhibited by Messrs. Marshall at the 
mithfield Club Show this week. . 

(No. 1091, 10d.) J. G. Jones, of Blaina, patents an 
addition to his well-known coal-cutting machine, 
whereby it is now self-feeding, a small air cylinder 
being employed, in conjunction with the larger one, to 
work a silent feed on the axis of the travelling-wheel. 

(No. 1096, 1s. 4d.) Edward Lord, of Todmorden, 
and Richard Norfolk, of Beverley, patent a mode of 
taking up the slack of the driving-chain of reaping 
machines. One chain wheel has its bearing either 
within an eccentric capable of adjustment, or else in a 
slide, with an adjustable block. 

(No. 1699, 8d.) Ebenezer Tuttle, an American, 
patents an inward-flow turbine, or “ centre vent” water- 
wheel, in which the size of the bucket openings, and 
even the effective diameter of the wheel, is readily 
adjustable. Drawings only would show the details 
employed. 








ARCHITECTURE IN CAST IRON. 


AurnovueH the practice of iron architecture has 
never been so extensively carried out in this country 
as it has been in America, yet there have been from 
time to time a number of important iron structures made 
here, many of them having been executed in fulfilment 
of foreign orders. Amongst these buildings is an iron 
museum, which has been recently completed by Messrs. 
P. D. Bennett and Co., of the Spon-lane Iron Foundry, 
West Bromwich, and shipped by that firm for Bombay, 
where it is to be erected. 

This museum—the Victoria and Albert Museum, as 
it is to be named—will be a building of very consider- 
able size, the principal hall being 105 ft. long by 70 ft. 
wide inside; whilst there will be, in addition, four 
smaller museums, one on each side of the front entrance 
and one on each side of the hall at the back, these 
additions making the total exterior length of the 
building 180 ft. The main hall will consist of a central 
nave, 36 ft. wide, and two side aisles, whilst all round 
it there will be a gallery 25 ft. wide, supported by 
highly ornamental columns. The height from floor to 
roof in the centre of the nave will be 60 ft., that from 
the floor to the top of the side aisles 48 ft., and that 
from the floor to the gallery 20 ft. The style of archi- 
tecture which has been adopted is ornate Gothic, every 

ortion of the interior bemg of the most elaborate 

esign, and it is intended, after it has been erected, to 
decorate the whole in white, blue, and gold enamels. 
The principal hall will be lighted by forty-eight 
windows, twenty-four on each floor, and also from the 
sides of the nave below the eaves. 

The lower columns, supporting the gallery, have 
each a fluted and ornamental plinth, whilst the upper 
portion of the shaft is divided into four smaller fluted 
columns surmounted by Corinthian caps of an orna- 
mental character. The gallery is supported by highly 
ornamental cantilever brackets, walk spread out in 
four directions from the caps of the lower columns. 
The upper or gallery columns, each consists of a fluted 
plinth, and an upper portion composed of four smaller 
twisted columns with Corinthian caps. The artistic 
character of the design will be brought out very effect- 
ively by the decoration of the columns. The front of 
the gallery is of an ogee shape, and is divided into 
bays, each bay having in the centre the letters V. A., 
supported on each side by groups of flowers and fruit 
of Indian growth. The models for the front of the 
gallery were made by Messrs. Robert Priest and 
Tanner, of Birmingham, whilst Messrs. Winfield, of the 
same town, supplied the brass handrails and finials. 

The roof of the nave is semicircular, and is sup- 
ported by ornamental cast and wrought iron ribs of a 
design corresponding with the remainder of the work. 
The small square spaces in the roof will be decorated. 
The side aisles are to beeach roofed by three semicircular 
arches resting on cantilever brackets, and on the ex- 
terior of the aisles there will be formed a promenade, 
from which an excellent view will be obtained of the 
district surrounding the site of the building. The 
floor of the gallery is to be formed of encaustic tiles 
set in concrete, which will be supported by curved 
plates forming a series of flat arches. 

The iron building, which will really*form the museum, 
will be cased in stone, and the front entrance will also 
be constructed of the latter material. The design of 
the entrance will correspond with the general style of 
the interior, and altogether the museum will be one of 
the finest buildings inthe Presidency. When it iserected, 
it is, we believe, intended that it shall form the re- 
pository of a number of statues, which are already 
in the possession of the Indian Government. In the 
centre of the hall, on an elevated pedestal, will be placed 
& statue of our Queen, whilst around her will be ar- 





ranged the statues of many of those noble men whose 
names are so intimately associated with the history of 
our rule in India. 

The designs for the Victoria and Albert Museum 
were supplied to Messrs. D. Bennett and Co. 
by Messrs. Scott and McClellan, architects, Bombay, 
and the details have been worked out, and the work 
executed, under the direction and superintendence of 
Mr. Michael Scott, of 26, Parliament-street. 








INSTITUTION OF CIVIL ENGINEERS. 
December 11, 1866. 
CuArLEs Hutton Grecory, Esq., Vice-President, 
in the Chair. 

Tue paper read was “On the best Means of Communicating 
between the Passengers, Guards, and Drivers of Trains in 
Motion,” by Mr. W. H. Preece, Assoc. Inst. C.E. 

in this paper the author gave a history of the measures 
which had been taken, in England and in France, with a view 
to the establishment of some means of communication between 
the passengers, guards, and driver of a train in motion. It was 
stated that although the question was still in abeyance in Engiand, 
the railway companies were taking active steps, by experimental 
and practical trial, to secure an effective system of passenger 
signals. The limited mail and fast express trains frequently 
ran 80 miles and upwards without stopping; and the tendency 
was even to extend this limit. Under these circumstances pas- 
sengers might be confined, in helpless isolation, for two hours or 
more, and cases had occurred, where a disabled carriage had 
been dragged 20 or 30 miles, without the occupants being able 
to attract attention. The necessity of some communication 
was fully admitted; but while it was allowed that there was no 
mechanical difficulty to be overcome, the objection, that had 
hitherto prevented the introduction of any general system had 
been the unwillingness of the railway authorities to place the 
control of the trains in the hands of the passengers, by which, 
it was thought, delays might be occasioned, and danger be 
created. The block system removed, to a small extent, the 
danger of stopping trains on busy trunk lines; but at present 
it was rarely adopted. Experience showed that the objections 
referred to were exaggerated, as several trains had been running 
uninterruptedly for nearly two years upon the London and South- 
Western line, fitted up with passenger signals, and a needless 
alarm had only once been raised, and then the delinquent was 
‘mmediately detected. 

The efforts of those who had directed their attention to the 
matter had been not merely to obtain communication between 
passengers and guards, but some means of access for the guard 
to the passengers. It had been proposed to establish a foot- 
board and hand-rail upon every carriage, to enable the guard to 
patrol the train whilst in motion, but the objections to this sys- 
tem were insuperable in England, as external circulation was 
neither practicable nor desirable. Internal circulation, upon a 
modified arrangement of the American plan, had been suggested. 
The objections to this were detailed, and the system of dividing 
the compartments by glass partitions was described as an instal- 
ment towards this result. 

Failing the adoption of any system of internal or external 
circulation, it was pointed out that what was required was, that 
the instant attention of the guards and driver should be ob- 
tained to anything of a serious nature occurring to any portion 
of a train whilst in motion, requiring their immediate assist- 
ance. ‘Ihe insufficiency of travelling porters, mirrors, and other 
systems requiring constant personal inspection was shown; and 
the mechanical difficulty of utilising the present cord and bell, 
which even in its simple form between guard and driver alone, 
had proved comparatively useless in practice, as well as an 
mechanical contrivance extending the whole length of the train, 
was argued. 

Attempts had been made to isolate the alarm to each separate 
carriage, and thus to avoid the difficulties of the connexions and 
couplings of mechanical contrivauces required in the making up 
of a train. The use of compressed air, and other pneumatic 
arrangements; the utilisation of the violent current of air gene- 
rated by the moving train; immense gongs on the carriage roofs ; 
fireworks, detonating signals, powerful lights, and various other 
proposed apparatus, were described, and their causes of failure 
alluded to. Indeed the almost unanimous conclusion, both in 
England and in France, was, that if the problem was to be 
solved at all it must be by the aid of electricity. There was no 
force so ductile, so simply generated, and so easily manipulated. 
It was obstructed by no friction, like mechanical motion ; it re- 
quired no powerful appliances to restrain its action, like steam ; 
it demanded no tabes, pipes, valves, cranks, or other mechanical 
agencies to guide it, like water, gus, or air. Allthat was wanted 
was a plain wire, that might be laid or bent in any direction, 
needing only the simplest contrivance to retain it in its course. 
The laws and the action of electricity were thoroughly under- 
stood. ‘There was no tension, and consequently no breakage; 
there was no motion, and therefore no sticking of parts. ‘The 
necessity of delicate machinery, which the supposed subtlety of 
the force demanded, no longer existed. Experience showed, 
that the stouter and more durable, within certain limits, the 
mechanical construction of electrical apparatus, the better it 
worked. Indeed, the oscillation of a railway train was eminently 
adapted to maintain those surfaces bright and clean upon which 
the passage of the electric force materially depended. 

The history of the trial of electrical appliances, from their 
first proposal in 1842 to the present time, was briefly narrated, 
and a description was given of the system applied by the author 
on the Midland, the Great Northern, and the London and 
South-Western Railways. ‘The essential principle of this sys- 
tem was the extension of a single insulated wire throughout the 
whole train, which was maintained in a state of electrical equi- 
librium by having the similar poles of every battery in each van 
and engine attached to it, while their opposite poles were con- 
nected with the earth; so that when this equilibrium was dis- 
turbed, by placing the wire to earth through the framework, 
wheels, and rails in any carriage or van, the current from each 
battery acted upon the bell in its own van, and upon a signal 
on the engine. Its peculiarity consisted in this, that the com- 


mutators in each compartment of every carriage were protected 
from the mischievous and idle by being covered with glass, 
which had been found experimentally to be the best material for 
the purpose, as any opaque substance excited inquisitiveness, 
and therefore injeriaenen The coupling used was an ordinary 
brass hook and galvanised iron eye, maintained in good contact 
by the pressure of a stout spring. Itwas divided into two parts, 
not — to provide for the reversal of the carriages, but to en- 
hance the security of the couplings from failure in electrical 
connexion, as experience had shown that a single coupling was 
not to be depended on. The author used the ordinary descri 
tion of trembling bells, which continued to ring as long as the 
current was maintained, and which were equally applicable for 
any code of signals that might be dtapniess upon. They were, 
however, specially constructed to prevent any emission of soun 
arising from the oscillation of the train. It was originally con- 
templated to provide an external visible semaphore, as well as 
an external electrical signal; but this had latterly been aban- 
doned. Inthe system at present in practical work there was 
free intercommunication between guard and guard, between the 
guards and the driver, and between the passengers and the 
guards. It had been found that no bell, however loud, could be 
heard upon the engine. The driver was therefore provided with 
a signal, which attracted his attention by a red disc by day, and 
a red light by night. There was also a special arrangement by 
which carriages accidentally detached from a train automatically 
raised the alarm, so that intimation was at once given to the 
guards and to the driver of any accident; and it was arranged 
that the ordinary slip portion of the train, where such: slips were 
employed, dropped off without raising the alarm. It was shown 
that a train might be made up of any number of coaches, might 
be divided into any number of parts, and might be united again 
at any number of junctions, without interrupting the commu- 
nication, provided a van and a carriage remained together. 

In conclusion it was stated that the experience gained from 
the working of this system showed that whatever difficulty ex- 
isted in establishing a system of communication between the 
passengers and guard was merely a mechanical one, and that 
any danger or inconvenience from placing such a convenience in 
the hands of the passengers was purely chimerical. The con- 
trol of the train was in no case withdrawn from the servants of 
the railway company. The passengers simply attracted the at- 
tenticn of the guard, who exercised his own discretion whether 
the train should be stopped at once, or when it arrived under the 
protection of the next fixed signals. 


THE PARIS EXHIBITION. 

Tue French Society of Civil Engineers have formed an 
influential committee from among those of its own members 
who are also members of the “ Jury of Admission” to the 
coming Exhibition, and who are now empowered and expected to 
bring to the notice of the “society” (corresponding to our own 
Institution) all matters likely to prove of utility and interest in 
connexion with their appointments. We will not here write out 
the duties of the committee, for they are dependent generall 
upon the individual conveni of each ; but we will 
mention that the members are expected, by the very acceptance 
of their appointment, to officially acquaint the society with an 
matters of promise or interest in their special departments. We 
only regret, in mentioning their names, the amount of cor- 
respondence, in the shape of trade circulars and commercial in- 
quiries, with which they will be pelted—an amount sufficient, 
we fear, to out-martyr the martyrdom of poor St. Stephen. 

Class 12, second group.— Philosophical instruments and appa- 
ratus for instruction, M. Foucault, Member of the Institute. 

Class 17, third group.—Porcelain crockery, and ceramic art. 
M. Alfonse Salvetet, manager of the chemical department of the 
imperial manufactory of Sévres. 

Class 22, third group.—Bronzes, ornamental castings, and 











Y | repoussé work. M. Durenne, ironmaster. 


Class 28.—Clocks und clockwork. M. Breguét, Member of 
the Bureau des Longitudes. 

Class 24.—Apparatus and processes for warming and light- 
ing. M. Miiller, Professor at the Central School of Arts and 
Manufactures, and M. Louis Ser, professor at the samé school. 

Class 40, fifth group.—Mineral and metallurgical products. 
M. Weil, chemist. 

Class 44.—Chemical and pharmaceutical,products, M. Ernest 
Daguin, Tribunal of Commerce. 

Class 47, sixth group.—Materials and processes for working 
mines, and for metallurgical applications generally. M. Charles 
Laurent. 

Class 50, sixth group.—Agricultural apparatus and processes, 
and the industries connected with food. M. Pepin le Halleur, 
agricultural engineer, 

Class 52.—Motors, generators and special mechanical appli- 
ances, adapted to the requirements of the Exhibition, M. 
Charles Callon, professor of the Central School of Arts, and 
M. Fourneyron (turbine Fourneyron). 

Class 53.— Machinery in general. 
made.) 

Class 54.—Engineers’ tools. M. Houel, mechanical engineer, 
General Morin, and M. Tresca. 

Ciass 55.—Spinning, including materials and machinery. M. 
Michel Alcan, Conservatoire des Arts et Métiers, M. Frichot, 
manager of the linen mills at Pont Remy, Somme. 

Class 59.—Materials and apparatus for paper-making, colour- 
ing, and printing. M. Charles Laboulaye, M. Poulot (Avenue 
Trudaine, Paris), 

Class 62.—Harness and saddle making. M. Noisette, engi- 
neer to the Paris General Omnibus Company. 

Class 63.—Railway machinery. Eugene Flachat, director of 
the Western and Southern Railways, M. Henri Mathieu, 
Southern Railway. 

Class 65.—Materials and processes of civil engineering, pub- 
lic works, and architecture. M. Eugene Seriere, of the Corps 
Legislatif, and M. Emile Trélet, professor of the Conservatoire 
des Arts et Métiers. 

Tenth group.—Special objects exhibited for the improvement 
rd on material condition of the working classes (de la popu- 

tion). 

Class 95.—Instruments and special modes of working of 
foremen-workmen. M. Durenne, M. Flaud, sole French maker 


(Appointment not yet 





of Giffard’s Injectors, and M. Petitgand, mining engineer. 
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LOCOMOTIVE ENGINES. 
To rue Eprror or ENGINEERING. 
Srr,—I have read with much interest the letter of your corre- 
spondent “ Tender Engine,” and without desiring to take up too 

much of your valuable space, I will endeavour to reply as briefi 

as the interest of the subject will admit. Had “ Tender Engine 
favoured us with his views on locomotive engines, as he intended 
doing, my reply thereto would have been much less difficult, it 
being well known tbat to criticise is easier than to rebut criticism, 
and this is much more so when the subject introduced is of a 
novel and unusual character; this is my position, and I trust 
that not only “ Tender Engine,” but your readers, will, if I 
again occupy too much of your columns, suffer me to do so very 
“tender”-ly. If ‘Tender Engine” would consider calmly and 
dispassionately for a little, he would find that, in the definition 
of the reason he oe for differing with me, viz., “ as to the 
relative advantages to = Y the employment of large and 
powerful tank engines,” he would comprehend the whole head 
and front of my offending. I feel, speak, and write against 
** powerful tank engines” as they are meant by him; while the 
term tank may be applied to my engine as well as to any other 
that carries its own supplies, yet there is as wide a difference 
between my principle and that of the tank engine as there is 
between the latter and the tender engine. I assume, of course, 
that “‘ Tender Engine” is fully aware of this fact (notwithstand- 
ing that I have known important matters criticised when the 
critic appeared to be unacquainted with the broad principles of 
the subjectfof his criticism); if he is not, 1 beg of him to read my 
amphlet on locomotive engines, a copy of which I shall be 
1appy to forward to him on application. Let us now look at the 
** wrong conception of facts” of which I have been guilty. I 
selected the great companies, of course, and in giving the weight 
of their geeks enaings at 36 tons, it is within my knowledge 
that about fifteen years ago the goods engines on the Great 
Western were 32 to 34 tons, the North-Western 32} to 33 tons, 
and I presumed that, with the requirements of the traffic, these 
weights would have been increased, the other companies men- 
tioned increasing theirs pro rata. 1 have seen goods engines in 
working trim weighed on the North-Western Railway many 
years ago, and the result gave 32} tons; however, the weight of 
the engine was not the subject of my complaint, it was and is 
the tenders ; 1 will therefore credit Mr. “ Tender Engine” with 
the supposition that the engines are less than 36 tons, even down 
to 27 tons if he so desires it (so much the worse for adhesion). 
With regard to the tenders, I maintain that the weight of the 
large narrow-gauge tenders is, as stated by me, about 23 tons. 
The tenders of the goods and passenger engines on the North- 
Western Railway (the ne plus ultra railway in the opinion of 
“ Tender Engine”) weigh 224 to 23 tons in working order. There 
are over one hundred of these tenders running on this line that 
were made at Crewe, and each contains 2000 gallons of water; 
the total weight is made up as follows: 


Tons. 

Tender, empty... eve eee ove 103 
Fuel 08 eee eee ove ow 8 
Water ose eco eve one one oe 9 

Total... 223 


The North-Western Railway had, in the Exhibition of 1862, an 
engine and tender, the weight of the latter, according to D. K. 
Clark in his “ Exhibited Machinery of 1862,” is given as 25 tons. 
It would have been unnecessary, therefore, to say more on this 
point, were it net that Mr. “ Tender Engine” has taken excep- 
tion to my argument as based upon “ erroneous figures” and “a 
wrong conception of facts,” but he has entirely tailed to show 
that this is so, while 1, on the other hand, beg to ask him from 
what source he has obtained his quantity of “7 tons of fuel and 
water” as the total carried by histenders. If we take the weight 
of fuel, say 2 tons, from this estimate, it leaves only 5 tous for 
water, equivalent to about 1100 gallons. I would, therefore, 
ask him to point out any of the four railway companies that are 
building tenders containing only 1100 gallons, Why, his Crewe 
favourite, notwithstanding his patent system of scooping up 
supplies of water into the tenders from troughs placed between 
the rails, rendering very heavy tenders in this case unnecessary, 
has built, and is now building, tenders which weigh, loaded with 
fuel and water, 204 tons, viz.: 
Tons. Cwts. 
Tender... one eve eve 10 0 


Water eee eee ese eee wae i@ 0 
Fuel eee eee oe 8 10 


It is the exception now to build tenders with a water capacity 
of 1500 gallons, the rule being to give them 1800 to 2000 gallons. 
The argument adduced by your correspondent, that the 23 
tons I give as the surplus load, becoming “ reduced at once to 11 
or 12 tons,” is totally wrong, as fully explained in my second 
letter on this subject. 

Is it because out of the 20 tons taking (“* Tender Engine’s” own 
figures) that “7 tons of fuel and water must be carried some- 
where.” Iam not to take advantage of this weight and debit 
it against the power of the engine, when I distinctly state that 
this 7 tons, if placed where it ought to be, would add nearly one- 
fourth to its adhesion, and consequently to its power; but, 
leaving out the question whether the 7 tons would be an ad- 
vantage or disadvantage if applied as I state, I have a perfect 
right to deduct the full weight of the tender from the gross 
tounage hauled, whether it be as *‘ Tender Engine” states it is, 
in tare, nett, or gross, 23 tons is 2 tons, either in trucks or 
merchandise, and in estimating as 1 did that the trucks took 
their full load, was just as right to estimate that they took only 
one half, or a fourth, or nothing at all. I could not, nor would 
the principle admit it, assume that trucks were worked contain- 
ing only a small portion of the load they were built for and 
intended to carry ; were I to do so, I should never get to facts. 
I am fully sensible that there are considerable numbers of empty 
trucks annually passed up and down the North-Western, as 
well as other lines, to accommodate the traffic which is unequal at 
all stations, instance the coal traffic alluded to by “ Tender 
Engine,” also that there are many classes of 8 conveyed, 
such as crates of hats, and other delicate light goods, too 


bulky to load a truck to anything like its carrying weight; and 


I presume traffic managers take care that if one ton of any 
class of goods will fill a truck that should carry 6 tons, to charge 
6 times the rate for the ton carried, with a large additional per 
centage to this amount for risk and damage in handling. 
Compensation for damaged goods, every manager knows, is a very 
serious item indeed, and he of course, if he conducts his b 
properly, like an insurance office averaging the risks, averages 
the amounts and classes of goods upon which compensation has 
to be paid, and charges accordingly. Bar and pig iron and 
minerals are conveyed at the lowest rates, because a truck can 
readily be loaded with its maximum weight, and the articles 
themselves not being perishable, there is no loss sustained by 
damage. Hence I assert as before, that I have a perfect right to 
set down the loss as the full load of each truck and the weight 
of the truck itself, and debit the expenses against the traffic, or add 
the increased tonnage to the profits, it being clearly understood 
that, with the exception alone of handling the goods and cartage (a 
small percentage of the usual cost being sufficient to cover this 
item), these profits would be nett to the shareholders. The 
coal traffic is entirely a different question, and yields, as re- 
presented by “ Tender Engine,” about a farthing aton per mile, 
the trucks being loaded one way only; but even this argument 
of “ Tender Engine” completely breaks down as against me, 
because of the reasons already stated and the following. The 
nett merchandise and minerals tonnage hauled, as shown by the 
North-Western Company’s report, for the half year ending June 
is 7,333,371 tons ; let it be assumed that 3,000,000 tons of this 
quantity represents the coal traffic, or 19,170 tons nett per work- 
ing day for the half year. In this class of traffic, it is a very 
rare exception that a single truck is found in a train with less than 
its maximum load ; the load carried is about twice the weight of 
the truck, and is invariably set down as such, being about 74 to 
8 tons of coal and 4 tons the truck, say 11} tons gross. 

The total nett daily tonnage being 19,170 tons, the gross 
number of tons hauled will be 29,192, taking the average of 
thirty trucks to a train of 114 tons per truck, will give 345 tons 
per train, and 844 trains of coal per day. The tender represent- 
ing the gross weight of two trucks would yield in its stead this 
number of additional trucks to a train, and having 843 trains 
per day gives 169 trucks, representing 1267 tons nett additional 
per day. This number of trucks hauled in lieu of tenders would 
reduce the number of trains daily by nearly six, together with 
all their attendant expenses. If, on the other hand, the 1267 
tons is available for profit, the result would be, taking 313 
working days, as before, for a year, and 1267 tons per day, to 
yield 406,571 tons per annum, that are hauled, say, 200 miles, 
and at the rate of one farthing per ton per mile, will produce the 
large sum of 84,702/. nett profit on this traffic alone. 

This, however, is only one-half the saving effected, as 
the same calculation applies to the return empty trucks 
which is rated by “ ‘Yender Engine” at one farthing per ton per 
mile, and at this rate the tender representing 54 empty trucks, 
the above amount would be nearly, if not quite, doubled, which 
an would be entirely available for the benefit of the share- 

olders. 

I think it will be admitted it has been sufficiently shown that 
I have a right to take the full weight of the tender and dispose 
of > in the manner I have done between merchandise and 
trucks. 

Let us now turn our attention to the rate of one penny per ton 
per mile for freight, which “ Tender Engine” considers “ mani- 
festly incorrect.” The rates given to me at one of the com- 
pany’s forwarding offices this day as follows, viz.: 

For crates of hats to Manchester 3/ 10s. per ton, or about 
44d. per ton per mile. 

For bale goods to Manchester 2/. per ton, or about 2}d. per 
ton per mile. 

For manufactured iron of sizes to go inside an ordinary truck 
1/. 13s. 4d. per ton, or about 24d. per ton per mile. 

Surely if these are the proper rates, which I have no doubt 
they are, I have not been “manifestly incorrect ” in estimating 
the average rate at 1d. per ton per mile, and considering it 
“ below the average.” But “ ‘Tender Engine” evidently looks at 
the matter from one point of view only, viz., at the gross receipts 
for merchandise and minerals and mileage run, which yield, 
as he states, 6s, 3}d. per train mile. Let us see how this affects 
the question. I believe I have not overstated the gross load of 
the goods trains on the North-Western Line, no doubt had I 
done so Mr. “ Tender Engine” would have corrected me; but it 
does appear very strange indeed to me that only 6s. 34d. should 
be the = result per train of goods per mile run, particularly 
as full loads of mineral traffic are always taken. Assuming the 
average rate to be lid. instead of 1d. per ton per mile, and this 
would a to be nearer the mark by the rates quoted, the 
result is that there are 50 tons of goods nett at this price per 
ton hauled in a train the gross load of which is 300 tons. 
There appears to be something radically wrong in this state of 
things, hauling 5 tons of unremunerative load composed of par- 
tially and wholly empty trucks to 1 ton of merchandise carried, 
—— of course, the minerals ; it is clear, therefore, there is 
much to be done by the “ Sun ” and the “ Moon” and their satel- 
lites to remedy this squandering of moneys that should go to en- 
rich our unfortunate shareholders. Notwithstanding this, to me, 
very extraordinary result, the saving that would be effected in 
dispensing with the tenders, as I have shown, is precisely the 
same whether in unremunerative load or ‘merchandise. It is 
much to be regretted that ‘Tender Engine” cannot coincide 
in my views as regards “ diminished dividends ;” he must have 
been most fortunate in his railway speculations. His last divi- 
dends from the North-Western, where, I presume, he has a 
large interest, although put down by him at 7 per cent., is onl 
actually 6 per cent. on the ordinary share capital, and 4, 4h 
and 5 per cent. on the other portions, making up the total capital 
of the company, leaving a balance of 28,000, equal to about 
ws per cent. on the entire capital. There are too many of my 
acquaintances that are not so fortunate, and can feel the want 
of diminished dividends too keenly, and, moreover, who are alive 
to any move that is likely to increase the very little they do 





get. 

_ The latter part of “ Tender en letter is foreign to the 
intention or desire of any portion of my letter to which he replies ; 
in the cost of the 





it is simply a very interesting comparison i 








locomotive departments between the Great Northern and North- 
Western Railways. The only part to which I take exception is 
his comparison between the four-cylinder principle of Mr. 
Sturrock and that of mine, differing as they do from each other 
in every respect; neither did I seek in my letter for any eulogy 
on any person; however, he has done this, and I to assure 
‘Tender Engine” that it is with infinite pleasure I en every 
sentence he has written upon that very able man in command 
of the traction department of the North-Western Railway. By- 
the-by, I had almost forgotten to remark upon a statement in 
“* Tender Engine’s” letter, to the effect that he “firmly believed” 
27 tons “ to be quite sufficient for the purpose of adhesion even 
‘“* with their fastest and heaviest trains.” I should be glad to 
learn upon what principle this belief is founded. I am inclined 
to think “ Tender Engine” has been connected all his lifetime 
with railways that are about level, say, for instance, the Great 
Western Railway, which, with the exception of Box tunnel, may 
be considered nearly so. 

Why is it, if 27 tons weight is sufficient, that the Metropolitan, 
North London, Chatham and Dover, Vale of Neath, and Great 
Northern Railways require so much more? In the latter two 
cases they have engines weighing 56 tons, the whole of which is 
available for adhesion, and built especially for this purpose. The 
Vale of Neath Company could not work some portions of their 
line without this weight, and the Northern Railway of France 
were compelled to construct engines weighing 59 tons, with ten 
wheels, all coupled to get the necessary adhesion for working a 
line the ascent of which is 20ft. per mile (it is understood, ot 
course, that these ten wheels are worked by four cylinders). If, 
then, ‘“ Tender Engine” is correct in his assertion, as he ap- 
parently cousiders himself to be, all those gentlemen who specified 
such engines must be fit subjects for Hanwell, and the sooner 
they take a single ticket by the Great Western Railway to that 
establishment the better. 

T am, Sir, 
Your obedient Servant, 

56, Gracechurch-street, RoBert F. FAR ig. 
London, E.C., Dec. 6, 1866. 








FLOATING WORKSHOPS. 
To THE Eprror oF ENGINEERING. 


Sir,—lIn reference to this subject, I observe a letter in your 
impression of the 7th, from Messrs. George Forrester and Co., 
stating (very correctly) that I was a draughtsman at their esta- 
blishment at the time when the shops in question were built, and 
I presume it matters little whether I was a minor one or a 
principal one; but in order to place the matter correctly before 
your readers, it is necessary for me to state that the duty of 
designing that work, and seeing it carried out, was entirely and 
solely confided to my charge, subject, of course, to the supervision 
of the heads of the firm, as is usual in such cases. 

It follows from this statement that I was of necessity in pos- 
session of the whole of the facts in connexion with that work, 
and that there was no need, on my part, surreptitiously to obtain 
copies of the drawings made by myself'and by my assistants. 
Those facts, indeed, form part and parcel of my technical know- 
ledge as much as the education received at school, and to talk of 
them being surreptitiously obtained seems idle nonsense, proceed- 
ing trom an uncharitable desire to prevent the natural operations 
of that man’s mind who happens to be your employé. 

Now, with regard to the publication of those facts, had there 
been a distinct understanding between that firm and myself 
that no work designed by me while in their employ should be 
published by me without their sanction, that understanding 
would have been religiously observed ; but as this subject never 
even was mooted, I have held myself at liberty to publish any 
facts that might be interesting to your readers or to the engineer- 
ing public generally with which 1 may happen to be acquainted. 
In justification of this view of my duty as an employé, I need 
but say that prior to being with Messrs. Forrester aud Co., I 
was for a number of years principal draughtsman to Mr. Fair- 
bairn, of Manchester, and have published a number of subjects 
designed by me while there without my right to do so ever being 
challenged. 

Messrs. Forrester and Co., moreover, were well aware when 
they engaged me that I was a regular contributor to some of the 
engineering journals of the day, and they also knew that I held 
several public appointments in connexion with scientific and 
scholastic institutions, in discharging the duties of which I would 
be tempted almost daily to speak publicly of any new or interest- 
ing facts which might come under my notice, and it would have 
been very natural in them to make a proviso in their conditions 
of engagement with me, such as that pointed out above, had 
they then been so jealous about the privacy of any public works 
carried out by them. : 

The fact of their not doing this, considered in conjunction with 
the tenor of their letter of the 5th, points to the conclusion that 
the same was written in a spirit of personal hostility to me, of 
which, however, I must leave your readers to judge. 

Your early insertion of this will much oblige, 


Yours very truly 
London, December 8th, 1866. J. J. BIRCKEL. 








To CorkEsPoNDENTS.—Several letters from correspondents 
are in type, but, from want of space, are unavoidably left over for 
publication to next week. The letters in question refer to Counter- 
weights on Locomotives, The Problem of Canal Lockage, Water- 
tube Boilers, and English Monitors. 

Tue Ross Wivans.—The cigar ship has been three weeks at 
sea, and in the mouths of the Thames and the Medway. ‘The 
boilers have primed so much that but about one-fourth of the 
intended power has been indicated. But it has been found that 
even this power gives a high proportionate rate of, speed and a 
very good co-efficient. When the boilers have been altered, s0 
as to give out their full intended power, the vessel will, it is 
hoped, achieve all that was expected of her. 

GUNPOWDER may be subjected to a heat which, whilst below 
that at which it explodes, is nevertheless greater than the melt- 
ing point of sulphur. In this way all the sulphur may be sub- 
limed, and the remaining charcoal and nitre rendered non-ex- 
plosive. 
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THE LAW OF TRADE MARKS. 


THERE is one advantage of proceedings in Chancery 
over those of common law, that they involve common 
sense, not legal technicalities, and, therefore, can be 
apprehended on the grounds of right and equity, with- 
out reference to those subtle points of ratiocination 
which none but lawyers can fully understand. Viewed 
in this light of common sense, we cannot but marvel 
at a decision arrived at in the Court of Chancery last 
week, whereby, in the cause Morgan v. Macadam, the 
plaintiffs were, according to our opinion, unequitably 
cast. The issue was simply this, whether the plaintiffs, 
Morgan, had or had not experienced injury through 
the colourable imitation of a trade mark stamped upon 
plumbago crucibles of their make, and which have 
acquired a lucrative celebrity, and whether the plaintiffs, 
Morgan, had or had not put themselves out of court by 
failing to manifest that good faith which the Lord 
Chancellor fairly insists upon before granting the pro- 
tection of his august court. The facts, as stated in 
evidence, were as follows: About the year 1856, the 

laintiffs, Morgan, now carrying on business as plum- 

ago crucible makers at Battersea, acquired by pur- 
chase the right of manufacture, whereby plumbago 
crucibles, already introduced and widely known as pa- 
tent crucibles, were produced of better quality than 
heretofore, the statement having been made to them 
that the secret of the process was covered by foreign 
letters patent. Inasmuch as such patent, if extant, 
would have had no force in this country, the Messrs. 
Morgan allege that they had no interest in wading 
through voluminous patent records not easily accessible; 
that having purchased the secret, it was all that con- 
cerned them; and that when they used the designa- 
tion, Patent Plumbago Crucible Company, they did so 
with perfect ona fides, having no indirect or collateral 
object in view. This is what they allege, this is what 
came out in evidence, and to the full value of 


the allegation, as it seems to us, they are, 
according to strict justice between man and 
man, which is no other than equity, entitled. 
Nor does the record in respect to their good 


faith end here. Although the plaintiffs had originally 
commenced to work according to, the directions ac- 
companying the purchase, yet experience in the course 
of time led them to improve on the original process, 
whereby plumbago crucibles were manufactured by 
them of still better quality than heretofore. These 
improvements they patented in 1863, whereby the 
style and title of Patent Plumbago Crucible Company 
was doubly justified. Now such being the facts, we 
put it as a matter of plain common sense to anybody 
of ordinary intelligence whether the designation 
“patent” was morally justifiable or not. We appre- 
hend that there can be no reasonable doubt on the 
matter, and, this conceded, the equity ruling of Vice- 
Chancellor Sir W. P. Wood is Recnslens with the 
moral, as governing the commercial, equity of which it 
should be the exponent. After hearing the evidence 
adduced, there can be no reasonable doubt as to the 
fact that the plumbago crucibles of Messrs. Morgan 
Brothers, trading under the style of the Patent Plum- 
bago Crucible Company, are acknowledged as superior 
to others in the market. Not only does the evidence 
attest this, but the very fact of attempted imitation 
confirms it. Imitation is said to be the most delicate 
mode of flattery, but in this case the flattery, so far as 
the plaintiffs were concerned, had better have been let 
alone. As to the similarity between the plaintiffs’ and 
defendant’s trade marks there can be no doubt what- 
ever. Had this been the only issue raised, the award 
must have inevitably gone the other way. The Vice- 
Chancellor’s ruling turned on the question whether the 
—- “ natent ” had been chosen by the Messrs. 

organ iether in good faith or not, and on this 
point our explanations will suffice to enable commer- 
cial men to judge. However jealous the public 
may be of upholding the principle underlying all equity, 
the principle, viz., that no plaintiff in a suit at 
onnity shall come into court under the covert of a 
false pretence, still, if our own measure of common 
sense and commercial justice be not deficient, the 
ruling of Vice-Chancellor W. P. Wood appears 
hypercritical and overstrained. Some sort of objection 
was taken to the fact that, although Messrs. Morgan 
Brothers had taken out a patent appertaining to their 
process in 1863, yet they did not imvariably conduct 
their manufacture according to the terms and provi- 
sions of that patent. This objection, as it seems to 
us, 1s most unreasonable. It vanishes into nothing so 
soon as facts bearing upon it are rightly apprehended. 
The explanation is simply as follows: Plumbago occurs 
in very various states of purity, but by the use of a 
chemical process, specified in the patent granted to one 





of the plaintiffs, it is possible to take impure plumbago, 
to elimmate the impurities, and evolve a material equal 
to the purest that naturally occurs. Thereby it follows, 
as alleged, that plumbago crucibles are turned out of 
equal goodness, no matter how impure the native 
aera may be. Whether pure plumbago shall be 
purchased and wrought up into crucibles at once, or 
whether impure plumbago shall be taken, subjected’ to 
the patent process, and subsequently wrought up, 
is a simple matter of finance—a consideration of 
pounds, shillings, and pence. To the purchaser it 
matters not one iota; in either case he has what best 
suits his needs. So long as he acquires a manu- 
factured article of invariable quality, to him most ad- 
vantageous, he has no concern to be inquisitive as to 
the process or processes by which such result is 
obtained. Thus the circumstance in which plaintiffs 
find themselves is most unsatisfactory. It is easy to 
assume that in some states of market supply, when 
raw material is abundant, other manufacturers of 
plumbago crucibles may come up, or nearly up, to their 
mark, Smelters of metals, having once used these raw- 
material crucibles and found them good, may, not 
knowing the circumstances, take for granted a con- 
tinuance of that excellence which practice will fail to 
confirm. To make the question of bona fides turn on 
whether the patent process may have been in use at 
any one particular time or not is then, to our appre- 
hension, a straining of argument to a limit far beyond 
that which the commercial public will accept as equity, 
whatever may be the decree of an equity judge. At 
any rate, the facts of the case will have been sufficiently 
shown to enable that section of the public who use 
plumbago crucibles to judge as to the particular 
manufacturer from whom they may reasonably expect 
to obtain the best. 
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THE P. AND 0. COMPANY.—No. II. 


Tue compiler of the opportune “ statement,” which 
we noticed last week as having been recently issued 
by the directors of this company, must either have 
been ignorant of the main incidents of the company’s 
early history, or must have purposely chosen to touch 
lightly upon them. It is plain, nevertheless, that any 
such narrative should begin at the beginning. It was 
in these early times that the seeds were sown which 
have since germinated into such luxuriant blossom ; 
and if we wish to find out the real causes of the com- 
pany’s success, it is to its early history that we must 
turn to find them. It may, indeed, be alleged that the 
“statement” does not pretend to give a complete 
history of the company, and no doubt there are but 
few persons now living who possess the information 
necessary to enable them to accomplish such a task 
with accuracy and force. But an incomplete history 
has this obvious fault, that the picture presented to the 
observer is distorted in its main lineaments by the 
shadow spread over important features, and by the 
undue prominence consequently given to others on 
which the exhibitor’s lights are chiefly expended. We 
all know that history may be as much perverted by 
suppression as by misstatement. We all feel that any 
retrospect, be it brief or protracted, to be just and true, 
should take in the whole of the objects presented by 
the panorama in their true proportions. The picture 
may be an elaborate one or a mere sketch; but the 
proper subordination of its parts should be equally pre- 
served, without which it will be like the image pre- 
sented in a convex reflector, where the nearest feature 
appears to be the largest. Now, whether purposely or 
not, the “statement” certainly exhibits the fault of 
producing some such distortion. The early history of 
the company is virtually ignored. What its early 
struggles were, what the inducements were which led 
to its formation, and who the men were by whose skill 
and energy its initial difficulties were surmounted, we 
are not told. The narrative only begins when the 
company in its present extended form was successfully 
established, when the sunshine of prosperity had risen 
upon it, and when the tumultuous sea in which its ark 
had long been buffeted had hecome comparatively 
calm. But of the “pilot who weathered the storm,” 
no mention is made 3 this fair-weather historian, and 
the doubt is raised whether such topics have not be- 
come distasteful to some of the navigators who now 
look out of the cabin windows, and whose hot-house 
laurels might possibly pale before the robust merits of 
the real founders. 

History, however, cannot be blotted out from ten- 
derness to ambitious inanity. Justice, as well as policy, 
demands that the naked truth should be made faote 
in this matter; justice to the merits of the living as 
well as to the memories of the dead, and policy in dis- 
covering the real moving forces to which the past suc- 








cess of the company must be ascribed, as it is only 
from the perpetuated action of these forces that per- 
petuated prosperity can be expected. Fortunately the 
company retains much of its original excellent leaven. 
Yet much new material has also been added which en- 
joys no similar warranty, and which exhibits no simi- 
larly solid qualifications. New risks are thus created 
which it would be folly to ignore. For although every 
large body, when once set in motion, will continue for 
atime in its former course by virtue of its acquired 
momentum, and without any — conspicuous retarda- 
tion being immediately exhibited even after the impel- 
ling force has lost much of its spring, yet its gradual 
declension is nevertheless inevitable, though the marks 
of it may not become visible to the popular eye until 
it has become too late to apply a remedy. The P. and 
O. Company owed its original success to the skill and 
energy which presided over its operations. By the 
same qualities alone can its future success be main- 
tained; and just in the proportion in which those 
qualities are superseded by the resources of conven- 
tional red tape and pliant mediocrity will the success 
of the company be impaired and jeopardised. It is 
not by the buzz of painted flies that the honey of 
Hybla, vulgarly called money, is collected; nor can such 
insects be expected to guide or accelerate the move- 
ments of the great machine to which they cling. 


The P. and O. Company had its origin in the 
Peninsular Steam Company, commenced about 1835, 
which last, in its turn, had its origin in the Dublin and 
London Steam Marine Company, founded in 1825. 
This last company was a Dublin joint stock company, 
established to maintain steam communication between 
Dublin and Tondon; and among the chief shareholders 
were the Messrs. Bourne, of Dublin, who many years 
before, at the instance of Mr. Palmer, of Bath, the 
initiator of the mail coach system, had established 
mail coaches to run over a great part of Ireland. At 
that time the roads in Ireland were so bad that the 
Messrs. Bourne had in many cases to remake the roads 
as well as to establish the coaches upon them. Upon 
the road between Dublin and Limerick they had to 
expend upwards of 30,000/. in improvements to enable 
the coaches to ply; and to re-imburse this outlay the 
tolls on that road were assigned to them for a period 
of fifty years by an Act of the Irish Parliament passed 
in 1798, they undertaking during that time to keep 
the road in repair, which they did up till 1848, when 
their coaches ceased to ply from the construction of 
the railway. 

The Dublin and London Steam Marine Company 
built two vessels, the Thames and Shannon, ac- 
counted the best vessels of that day. The engines 
were made by Messrs. Boulton and Watt, and the 
hulls were constructed by Messrs. Fletcher and Fear- 
nall, of Limehouse. The Thames was placed upon her 
station in 1826, and the Shannon on the following 
year. The a: of the company was Captain 
O’Brien, a man of talent, but deficient in commercial 
experience. The motive of the Messrs. Bourne in 
going into the undertaking was the belief that it 
would be useful to Ireland. But at the outset Messrs. 
W. H. and Frederick Bourne, who resided in Dublin, 
took little concern in the management, and Captain 
Richard Bourne was in Italy for the benefit of his 
health. As often happens in new undertakings, the 
company got into difficulties.. The traffic was not re- 
munerative, the servants were above their work, and 
the shareholders got discouraged, and meditated the 
abandonment of the enterprise. But at this conjunc- 
tion Captain Bourne returned from abroad. He looked 
into the affairs of the company, saw that the enterprise 
contained the elements of success, and would be likely 
to prove remunerative if conducted with energy, 
economy, and courage; and on the occasion of a 
public meeting of the shareholders that was held, he 
announced his opinion that, instead of giving the line 
up, they should put another vessel upon it, and that if 
this were done, and the management improved, he be- 
lieved that the undertaking would prove successful. 
Finding, however, that the shareholders were indis- 
posed to contribute the funds requisite for the acquisi- 
tion of another vessel, he offered to find the funds him- 
self, which he my pee | did, and immediately 
purchased the City of Londonderry, a vessel then for 
sale in Liverpool, and this vessel was immediately 
brought to Dublin and placed upon the London 
station. Before this was done, however, Captain 
Bourne renewed his offer to the old shareholders to 
give them such interest in the new vessel as they 
wished to take. But, excepting his brothers, his 
nephew, the late Mr. Hartley, and Messrs. Mallett, 
Fortescue, and Boileau, no one was disposed to in- 
crease his interest in the concern, 
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The proprietors of the new vessel were formed into 
a company called the Dublin and London Auxiliary 
Steam Marine Company, and the new vessel was run 
in conjunction with the Shannon and Thames, whereby 
the communication was made more efficient than before, 
and new confidence was created. At the same time 
Captain Bourne set himself with characteristic energy 
to uproot the abuses which had crept into the manage- 
ment, and infuse new life into the whole concern. The 
London agent was changed, and Mr. W. J. Smith, who 
as aclerk in Dublin had attracted Captain Bourne’s 
notice by his energy and talents, was made agent of the 
company in London, with an immediate improvement 
in its returns and reputation. When the Sealsuhee 
company was subsequently formed, Mr. Smith became 
its agent at Gibraltar, which office he continued to fill 
nearly up to the time of his recent decease, when he 
was suceeeded by his son, who fills the office at the 
present time. Upwards of half the interest in the new 
company was held by Captain Bourne. The greater 

art of the residue was held by the Messrs. Bourne, of 

erenure, near Dublin, and by Mr. Hartley; and 
Messrs. Mallett, Fortescue, and Boileau had a small 
interest each. ‘These proportions the several holders 
continued to retain in the Peninsular company subse- 
oat formed, except that Mr. Mallett seceded, and 

id not become a proprietor in the Peninsular company. 
Mr. Mallett, who was an ironfounder and engineer in 
Dublin, was the father of Mr. Robert Mallett, now so 
widely known for his eminent engineering and scien- 
tific attainments, and who, no doubt, still well remem- 
bers the circumstances here described. 

After a little time the accuracy of Captain Bourne’s 
anticipations relative to the prospects of the line was 
amply corroborated by the fact of its becoming very 

rofitable ; and as the partners of the new company 

id not divide any of their earnings, they were soon in 
a condition to build a new vessel with the money they 
had earned. In 1832, they contracted with Messrs. 
John Duffus and Co., of Aberdeen, for a new vessel, 
the Royal Tar, which vessel is chiefly remarkable as 
having led subsequently to the formation of the Penin- 
sular Company, and it was here also that two of the 
most valuable servants the P. and O. Company has 
ever possessed, Mr, James Allan, now managing ome 
tor, and Mr, Andrew Lamb, now engineer of the com- 
pany, were acquired. Mr, Allan, who was at this time 
a very young man, was a clerk in Messrs. Duffus’s 
works, and, with Messrs. Duffus’s permission, he was 
engaged by Captain Bourne to proceed to Dublin as a 
clerk in the company’s office, whan he soon earned the 
full confidence and esteem of his employers, and mani- 
fested those qualities which have since carried him to 
eminence. Mr. Lamb entered the Dublin Company’s 
service as second engineer in the Royal Tar, and he 
even then was remarkable for his thoughtfulness, 
energy, and self-possession. These qualities were 
manifested in an eminent degree when the Royal Tar 
struck upon the Arklow bank, soon after she began to 
ply upon her station. 

The machinery of the vessel, as viewed by the light 
of present knowledge, was imperfect. The boilers were 
short of steam, and there was consequently very often 
a ial vacuum within them, so that blowing off was 

illicult. Glass tubes were not then usually fitted to 
boilers; and when the gauge-cocks were opened, 
instead of water or steam rushing out, air rushed in. 
Until these defects could be corrected, the position of 
the water level within the boiler could only be approxi- 
mately told by striking the front of the boiler with a 
hammer, so as to judge of the height of the water by 
the nature of the sound. The framing of the engine, 
which was of cast iron, of slender proportions, was 
formed in many pieces, which were fred together by 
wrought-iron dowels. When the vessel began to strike 
hard upon the bank, although she was very strong, she 
began to fill with water. ‘There was no injection from 
the bilge; but Mr. Lamb discharged a great deal of 
the water through the air-pump, by opening the snift- 
ing valve at every stroke. Stull the water gained. 
The fires were put out, and Mr. Lamb might be dis- 
cerned in the engine-room up to his middle in water, 
tying up with chains the engine framing, which — 
to break up with the straining of the ship. Finally, 
the vessel was got off, and was taken to Dublin for 
repairs. New and stronger framing was provided for 
the engines, from the designs of Mr. F. Humphrys, 
who by this time had become the company’s engineer. 
He was the elder brother of Mr, Edward Humphrys, 
of Deptford, who also was in the company’s service at 
this time as his brother’s assistant. The Royal Tar, as 
improved by Mr. Humphrys, was probably the finest 
vessel of her time; and when the war between Don 
Pedro and Don Miguel was going on in Portugal, the 








Royal Tar was chartered for the service of Don Pedro, 
through the instrumentality of M. Mendezabal, after- 
wards prime minister of Spain, who was at that time 
resident in England, and who was a well-wisher of Don 
Pedro’s cause, as affecting indirectly the Liberal cause 
in Spain. Subsequently, the same vessel was chartered 
by the Spanish Government, and rendered important 
service to the Queen Regent when contending with 
Don Carlos. These charters were arranged between 
Mr. Smith, the company’s agent in London, and Messrs. 
Willeox and Anderson, shipbrokers in London, who at 
that time were the agents or owners of certain sailing 
ships plying to Valparaiso. It was through the acci- 
dent of these charters that Messrs. Willcox and Ander- 
son first became acquainted with Captain Bourne, and 
the conjunction finally led to the establishment of the 
Peninsular Steam Company. 

Meanwhile the Dublin and London line had become 
highly prosperous. Another vessel, the William 
Fawcett, had been purchased, and two vessels, the 
Glasgow and the Liverpool, were chartered from Messrs. 
Burns, of Glasgow. When the Spanish war ended, 
M. Mendezabal was anxious to have a line of 
steamers established, which would trade regularly 
with the Peninsula ; and Messrs. Willcox and Ander- 
son attempted to form a company to carry out the 
project, and introduced it upon the Stock Exchange, 
but the attempt met with no success, as the necessary 
capital could not be collected. Captain Bourne was 
subsequently induced to entertain the proposal, but he 
was not informed that the project had previously been 
produced on the Stock oe ne without success. 

[owever, when he did take it up he went into it with 
characteristic energy, and carried his partners with 
him. ‘Three new vessels were built by him for the 
line. These were the Don Juan, the Braganza, and 
the Tagus. The Liverpool was bought, and the Royal 
Tar was also placed upon the station. Mr, Smith 
went as agent of the company to Gibraltar, which for 
the present was to constitute the foreign terminus, and 
Messrs. Willcox and Anderson became agents of the 
company in London, and as such received a percentage 
on the freights, &c., such as is usual in such cases. 
The more effectually to enlist their interests in the 
success of the undertaking, Captain Bourne stipulated 
that they should take a certain pecuniary interest in 
it, and they and their friends consequently built one 
small vessel, the Iberia, to run in conjunction with 
the five contributed by Captain Bourne. These six 
vessels constituted the original fleet of the Peninsular 
Company ; and in 1837 Captain Bourne became con- 
tractor for the conveyance of the mails to Spain and 
Portugal at a certain mileage rate, on the same principle 
on which he had long carried the mails in coaches in 
Ireland. He was the first contractor with the Govern- 
ment for the conveyance of mails by steam vessels on 
the sea, and he took up his residence in London so as 
to give the undertaking the personel supervision which 
so novel and weighty an affair required. Mr. Allan 
and Mr. Lamb were also transferred to London, and 
aided materially in the organisation and conduct of 
the new concern. 

The vessels built by Captain Bourne for the inaugu- 
ration of the Peninsular service were the finest and 
most powerful vessels of their time. The Don Juan 
and Braganza were built by Messrs. Fletcher and Far- 
nall, of Limehouse, and the Tagus was built by Messrs. 
John Scott and Sons, of Greenock. The engines of the 
Don Juan were constructed by Messrs. Claud Gird- 
wood and Co., of Glasgow, of which firm Mr. Charles 
Atherton, late chief engineer at Woolwich, was then 
managing partner, and who will be able to testify to 
the accuracy of much of the foregoing. The engines 
of the Braganza and Tagus were constructed by Messrs. 
Scott, Sinclair, and Co., of Greenock. The engines of 
the Don Juan, both for — and excellence, were 


unrivalled examples of machinery at that time, and the | gu 


construction of that vessel, in fact, constituted a kind 
of epoch in the history of steam navigation. The 
cylinders were of 68 in. diameter and 6 ft. stroke ; and 
they were the first engines fitted with starting cylin- 
ders, with a marine governor, and with other improve- 
ments which have since come into use. The power 
and magnitude of these vessels went much beyond the 
stipulations of the Government contract, and a prestige 
was thus created which afterwards stood the company 
in useful stead, when their operations came to be still 
further extended. Captain Engledue entered the com- 
pany’s service, while still a very young man, as captain 
of the Don Juan; and the order, neatness, and cleanli- 
ness which he introduced into his vessel were a new 
feature in merchant vessels at that day, and inaugurated 
a system which has since been introduced under Cap- 
tain Engledue’s direction into all the vessels of the 





y- When the Oriental part of the 
gun, Captain Engledue was sent as 
agent to Calcutta, and he organised with much ability 
the stations and business in the East. 

One of the most prominent difficulties in new enter- 
prises in steam navigation is to obtain good captains 
for the vessels, and good officers in every department, 
and this difficulty had been experienced at the institu- 
tion of the Dublin company. But Captain Donnan in 
the Thames, and Captain Hutchins in the Shannon, on 
acceding to the command of those vessels, gradually 
collected good men around them, and by them or their 
pupils were trained Captain Lewis, Captain Brooks, 
and other experienced and indefatigable officers, who, 
when transferred to the Peninsular line, at once 
carried it to the highest measure of efficiency. Mr. 
McRitchie, lately the P. and O. Company’s engineer at 
Calcutta, entered the Peninsular Company’s service 
as engineer of the Liverpool. Mr. Gray, now Mr. 
Lamb’s assistant at Southampton, was engineer of the 
Tagus, and Mr. McCormack, the present resident car- 
penter at Southampton, was carpenter of the Tagus. 
Captain Cooper, lately the commodore of the P. and O. 
Company’s fleet, was mate of the Iberia, and Captain 
Evans, the present commodore, was mate of the Tagus. 
Those who know the capacity of these men, and how 
much they have since done to promote the present 
company’s success, will readily understand that the 
Peninsular Company must have been well served, and 
that it was not from accidental causes that its reputa- 
tion was obtained. 

The steamers of the Peninsular Company continued 
continued to ply weekly between London and Gibraltar, 
calling at Falmouth, Vigo, Oporto, Lisbon, and Cadiz, 
and the enterprise of crossing the Bay of Biscay at full 
speed in all weathers was then regarded as an under- 
taking of much boldness and difficulty, and one which 
it required vessels of very superior power to achieve. 
The sum paid by Government as subsidy for this ser- 
vice was under 30,0007. a year. But the undertaking, 
though conducted with great prudence and energy, 
did not pay, and even at the present day the Penin- 
sular line is not profitable. It thereupon became 

lain that the enterprise must either be aban- 
Roll or must be extended further towards the 
East. Long before this, the problem of open- 
ing steam communication with India had been 
considered by Captain Bourne; and when the Royal 
Tar was built, it was thought by no means improbable 
that the East might one day be her destination. The 
writer well remembers travelling home from Gibraltar 
in the Royal Tar, then commanded by Captain Brooks, 
when Lord Keane, just then returned from the 
capture of Ghusnee, his son, the Misses Eden, and 
others, who had made their way homeward through 
Egypt from India, were among the passengers, as also 
was Vord Harris, who, however, had not come from 
India on that occasion; and signs began to appear 
that if an efficient communication could be opened 
with India a remunerative traffic might be expected. 
How this enlarged design was afterwards carried out 
we shall state in a subsequent number. 


P. and O, Com 
enterprise was 








NOTES ON ORDNANCE AND PROJECTILES. 


A CORRESPONDENT has setit to us the following corrections 
of our notes in our last number, We would like to ask him in 
return how he proves that the stripping of the lead from an 
Armstrong shot “never injures the rifling or the metal of the 
gun,” which are often found to have been injured. And we 
must distinctly deny that a gun fired at an elevation of 45° 
would *‘ certainly” burst. ‘This would be a question of the 
weight of the charge: 

“ The greatest range ever attained by an :“~} gun was 
5 miles 375 yards. (See “ Defences of the United Kingdom,’ 
answer 863.) We. 

“ When an Armstrong gun is fired, the lead strips off the iron 
projectile, but it never injures the rifling nor the metal of the 


n. 
“ The explosive force of a ey ow 100 1b.) of gunpowder 
remains the same if 10 1b. or 20 Ib. be replaced with sawdust; 
but if 21b. of sawdust were mixed with 10 lb. of powder, the 
explosive force would be less than 12 1b. of powder. 

“The masonry must be extremely thin, and the arch badly 
constructed, for a keg of powder (even 100 1b.) to destroy it by 
being exploded on the crown of the arch. At the lines of Torres 
Vedras, a bridge was destroyed in that manner, but with several 
hundred of powder. é 

“ Experiments at Shoeburyness, about eight years since, proved 
that the test range which can be obtained from a mortar 1s 
when fired at 42°. No artillery officer would fire a gun at 45°, 
except for a special purpose, as it would certainly burst.” 








Tae Norrn Brrrisn Ramway.—It is understood that 
nearly two hundred applications have been made for the pos: of 
locomotive superintendent to the North British Railway, a post 
not long since vacated by Mr. Samuel W. Johnson, who now 
holds a like appointment on the Great Eastern Railway. 
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THE WOOD BEARINGS TRIAL. 
PENN v. Brssy. Penn v. JACK. 


Tue Lord Chancellor has given judgment as follows, upon 
the motion for a new trial of these important cases, the judg- 
ment being in favour of the plaintiff. 

This was a motion for a new trial of certain questions of fact 
tried before Vice-Chancellor Wood, without a jury. The plain- 
tiff filed his bill complaining of an infringement by the defend- 
ants of a patent granted on the 2nd October, 1854, for an im- 
provement in the bearings and bushes for the shafts of screw and 
submerged propellers, and praying for an injunction. The de- 
fendants put in their answer, and the vice-chancellor, by an order 
in the cause, directed the following questions of fact to be tried 
(with the consent of the parties) before the court itself without 
ajury. ist. Was the invention for which the letters patent of 
the 2nd October, 1854, in the plaintiff's bill mentioned, were 

nted new within the United Kingdom of Great Britain and 
reland at the date of the said letters patent? 2nd. Did the 
specification enrolled in pursuance of the said letters patent par- 
ticularly describe and ascertain the nature of the said invention, 
and in what manner the same was to be performed? 3rd. Was 
the alleged invention proper subject matter of a patent? 4th. 
Have the defendants infringed the patent? After a trial which 
lasted five days, and in which many witnesses were called on 
both sides, his honour found, 1st. That the invention for which 
the letters patent of the 2nd October, 1854, were granted was 
new within the United Kingdom. 2nd. That the specification 
enrolled in pursuance of the letters patent particularly described 
and ascertained the nature of the invention. 3rd. That the 
alleged invention was the proper subject matter of a patent; 
and 4th, that the defendants had infringed the patent. 

The trial having taken place under the fifth section of the 
Chancery Amendment Act, 1858, the defendants were at liberty 
to apply for a new trial, either to the judge before whom the 
trial was laid, or to the Court of Appeal in Chancery. The 
application has accordingly been made to me, and if I under- 
stand my power correctly, even if I thought that the findings of 
the vice-chancellor ought to have been the other way, I should 
not be at liberty to reverse them, but could only direct a new 
trial. No objection is made to the finding of the vice-chancellor 
as to the infringement, and the remaining questions may be 
considered in their order. 

The first question arises upon the issue as to the novelty of 
the patent. ‘The motion for a new trial upon this question pro- 
ceeds upon the ground that the verdict is against the weight of 
evidence. In dealing with the finding of the Vice-Chancellor 
upon this question of fact, I regard myself as placed precisely in 
the situation of the judges of the courts of common law, when 
a rule is obtained to set aside the verdict of a jury. They do 
not consider what would be the proper view of the case if 
originally presented to them, but merely whether there is suffi- 
cient evidence to warrant the verdict? Nor in the course of my 
experience have I ever known any instance in which there was 
evidence on both sides, and the judge who tried the cause was 
satisfied with the verdict, where a new trial was granted. The 
alleged want of novelty in this case depends entirely upon the 
evidence with respect to the ship Livorno. The two patents of 
Craig and Bodmer, which were produced in support of this 
objection, are of no value; one of them, indeed (that of Bodmer) 
being subsequent to the date of the plaintiff's patent. With the 
view which i have taken of my duty with reference to this ques- 
tion, I proceed to consider whether there was sufficient evidence 
to justify the finding of the Vice-Chancellor. Now, there are 
undoubtedly several witnesses on the part of the defendants who 
speak to having prepared the bearings for the Livorno, or to 
having placed them in the vessel, or to seeing them there; and, 
if their evidence is believed, the proof is complete. I may ob- 
serve, in passing, that —- this to have been done, as the 
witnesses describe, it could not have been a mere preparatory 
experiment, as in the case of Re Newall and Others, but an actual 
fitting in to the vessel, by another person, of the same thing as 
that which is the subject of the patent; and whether with or 
without orders is perfectly immaterial. But the credibility of 
the witnesses is peculiarly a question for those who have to de- 
cide a controverted fact, and the Vice-Chancellor had an advan- 
tage over me in forming his judgment in this case, as he saw all 
the witnesses who were examined. Taking the statement re- 
specting the wooden bearings in the Livorno to be positively 
sworn to by the witnesses, what were the circumstances which 
led an impartial mind first to doubt, and then to disbelieve, the 
evidence which they gave? The importance of the plaintiff's 
alleged discovery is now generally admitted, and the invention 
has proved as profitable to him as it ought to be if the public 
are indebted to him for it. Greenshields, who asserts that he 
fitted the wooden bearings into the Livorno, had for some time 
before turned his mind in this direction, and had actually pre- 
pared a model, for which he hoped to find some friend to procure 
its admission into the Exhibition. According to his account, he 
had witnessed the successful result of his discovery in its appli- 
cation to the propeller of the Livorno, and yet not until after the 

t of Penn’s patent did he breathe one word to any one on 

e subject. It was suggested, as an explanation of this other- 
wise unaccountable silence, that persons frequently make a dis- 
covery, the value of which at the time they are not aware of. 
But this remark can hardly be applicable to Greenshields. He 
did not stumble upon his alleged invention, but gradually worked 
it out until he had embodied his idea in a model. It is scarcely 
credible, under these circumstances, that he should have kept 
the matter so long a secret from every one. Ihave not forgotten 
his statement that he told Mr. McLarty, and was promised, 
though not paid, 22; but, as he says, “not on account of the 

bushes, but because McLarty was so much satisfied with the 
repairs of the ship.” But McLarty is dead ; his surviving partner 
never heard anything about his invention, and there is no person 
living to whom it is pretended that Greenshields made the 

ightest communication upon the subject. Then, upon the 
pomt of knowledge, and forbearance to communicate, take the 
case of the defendant, Mr. Jack, himself. He was the 
engineer employed upon the repairs of the Livorno, and 
speaks positively to his having been consulted upon the wooden 
bearings. He describes with great icularity the kind of 
wood that was used, the mode in which the work was done, and 





(which is the essence of the plaintiff's invention) the leaving a 
ore to allow the water to pass through the brasses or bearings. 
e does not appear to have seen the wooden bearings when they 
were put in, nor at any time afterwards; but it is reasonable to 
suppose that they being, as far as his experience went, a new 
thing, he would have inquired of Greenshields how it answered, 
and learn from him its complete success. It is certainly strange, 
not to say improbable, that under these circumstances Mr. Jack 
should never have thought of wooden bearings again till after 
the plaintiff's patent, and then that they should strike him as so 
valuable that he afterwards fitted up as many as twenty-two 
ships with them. But Mr. Jack’s conduct upon the filing of the 
bill is wholly irreconcilable with his alleged previous knowledge 
of the plaintiff's invention. Instead of warning the plaintiff that 
he would be sure to fail, as he was in a condition to prove the 
use of wooden bearings to a screw propeller three years prior to 
the date of his patent, he merely complained of ting made a 
ama to the suit, and said that those for whom he made the 
wooden bearings ought to pay, if there was a patent right. The 
books of Mr. Jack also formed matter for observation, The 
struggle about their production is immaterial. But being pro- 
duced, it appeared that there was no item of charge for wood 
for the bearings. It was at first said that the value of the 
wood being only 2s., it was too trifling to enter into an account 
for repairs amounting to 1347. But upon items of a smaller 
amount, in the same account, being pointed out, it was then 
alleged that it was included in an item of ‘‘ wood for patterns, 
7s. 6d.” Upon this it was observed that it was extraordinary 
that hard knotted oak should be used for a pattern, and that the 
pattern itself should be the bearing placed in the Livorno. All 
the circumstances to which I have referred raise a strong pre- 
sumption against the witnesses who speak to the previous use of 
the invention. One of them in particular was strongly com- 
mented upon by the Vice-Chancellor. He had not been sub- 
— at the time the defendants closed their case, probabl 
ecause he had said some time before that if he were “to tell 
all he knew, it would do Mr. Jack no good.” I assume the 
truth of this, because, although denied by him, it is proved by 
a witness who seems entitled to credit, and because if this, or 
something else like it, had not been known to have been said, it is 
unlikely that the defendants would not have had him in readi- 
ness to call, whatever discretion they might have exercised as to 
calling him. His testimony was, therefore, not unfairly sus- 
pected. In answer to the evidence of Greenshields that the 
wooden bearings were in the Livorno in 1852, two witnesses 
were called who said they saw the vessel in November, 1851, in 
the Clarence Graving Dock, and the bearings, which they both 
examined at the time, were of cast iron. An affidavit to im- 
mpe the testimony of these witnesses was produced before me, 

y which it appeared that the Livorno was not in the Clarence 
Graving Dock in November, 1851. This was answered by an 
affidavit of the witnesses, admitting that they had erroneously 
spoken of the Clarence Graving Dock instead of the Clarence 
Dock, which is close to it, and that the Livorno was on the 
gridiron in the Clarence Dock at the time mentioned in their 
evidence. As I am to judge of this additional matter, I must 
say that it has not made the least impression upon my mind to 
the prejudice of the credibility of these witnesses. 

It is always unpleasant to question the truth of statements made 
by persons under the obligation of an oath, and I should be glad to 
be able to accept the explanation offered by the plaintiff's counsel 
to prevent the necessity of charging these witnesses with perjury. 
It was suggested that wood might have been put in as wedges 
for the iron bearings, which probably had become loose, and that 
those, at a distance of time afterwards, might have been mis- 
taken for wooden bearings. I have no occasion to say anything 
as tothisexplanation. I have only to determine whether the cir- 
cumstances to which I have adverted justify the Vice-Chancellor’s 
refusal to give credit to the case of the Livorno, and his conse- 
quent finding in favour of the novelty of the plaintiff’s invention, 
and I am satisfied that there-weresufficient grounds for the con- 
clusion to which he came, and that his finding ought not to be 
disturbed, 

The next finding is that the specification did particularly 
describe and ascertain the nature of the invention and the manner 
in which it was to be performed. To this the defendants ob- 
ject, and contend that the patent is void because there is a 
variance between the title and the specification, or between the 
provisional and the complete specification. It is said on the 
part of the plaintiff that there is no issue to raise this question, 
and that the correct mode of tendering such an issue at law 
would have been either by plea of non concessit, or by expressly 
pleading the variance between the title and the specification. [ 
think, however, that with perhaps a little license of construction, 
the second issue may meet the case, as it may be said that the 
specification did not particularly describe and ascertain the 
nature of the invention of the complete specification departed 
from the terms of the title, or the provisional specification, in 
which the nature of the invention was to be described. I should, 
at all events, be very unwilling to shut out the objection by 
deciding this point against the defendants, and I shall therefore 
assume that the question of the invalidity of the patent is open 
to them upon the issues. The objection urged by the defen- 
dants may be thus stated:—The Crown, in granting a patent, 
proceeds on the information contained in the provisional speci- 
cation. The provisional specification in this case describes the 
nature of the invention, in the most general terms, to consist 
“of employing wood in the construction of bearings and bushes 
“ for the shafts of screw and submerged propellers.” The com- 
plete specification describes a particular mode of employing 
wood, to prevent the parts of a propeller shaft which are within 
bearings coming in contact with the metal of the bearings, but 
against pieces of wood fixed therein, insuch manner as to ad- 
mit of water flowing freely between the pieces of wood and 
between the inner surfaces of the metal bearings and the 
outer surfaces of the propelling shaft. The claim at the end of 
the specification is “ the employing of wood in the construction 
“of the bearing and bushes for the shafts of screw and sub- 
“merged propellers as herein described.” If the words ‘ here- 
in described” are to be disregarded, the patent is void, as the 
claim will then be for the enpleyment of wood in ev sible 
way in the bearings and bushes of propellers, and if these 
words point the claim to the precise description in the specifica- 





tion, this is not what is described in the provisional specification, 
and the plaintiff has therefore obtained a patent for one thing 
and specified another. It was also alleged that there is some- 
thing beyond the provisional specification contained in the com- 
plete specification, the former ing confined to the employment 
of wood in bearings and bushes, and the latter stating that “ the 
“ like effect is obtained if the pieces of wood be fixed to the 
‘* shaft and revolve therewith.” There can be no doubt that the 
claim in the specification must be read with the limitation pro- 
duced by the words “ herein described,” and that the question 
thereupon arises, whether this occasions a de from the 
provisional specification, so as to render the patent void? It is 
necessary in order to determine the validity of this objection to 
ascertain the different offices of the provisional and the complete 
specification, which can only be done by reference tothe Patent 
Law Amendment Act, 1852. Before the act, inventors were in 
the habit of applying for patents under a title of a most compre- 
hensive description, so as to embrace the widest circle of the 
articular class of invention proposed to be patented. The 
egisiature, no doubt with reference to this practice, enacted by 
the 6th section of the act, that ‘ with every petition for the grant 
‘* of letters patent there shall be left at the office of the commis- 
“ sioners a statement in writing called the provisional specification 
“ describing the nature of the invention ;” and by the 8th section 
the provisional specification is to be referred to the law officer, 
and if he be satisfied that it describes the nature of the inven- 
tion, he is to allow the same; and by a proviso at the end of the 
section, ‘In case the bill of the invention or the provisional 
“ specification be too large, or insufficient, it shall be lawful for 
“the law officer to whom the same is referred, to allow or 
“ require the same to be amended.” It seems clear, from these 
sections that the office of the provisional specification is to de- 
scribe the nature of the invention, not with minute particularity, 
but with sufficient precision and accu to inform the law 
officer what is to be the subject matter of the patent. It is 
not at all necessary that the provisional specification should de- 
scribe the mode or modes in which the invention is to be worked 
or carried out. That is left to the complete specification, which 
by section 9 of the act, must uot only describe and ascertain the 
nature of the invention (which of course must be no other than 
that described in the provisional pti but also in what 
manner the same is to be performed, which is not at all re- 
uired to be explained by the provisional specification. The 
fling of the provisional specification, by the express provision 
of the statute, protects the invention for six months, and gives 
the patentee, during this = the like powers, rights, and 
privileges as might have been conferred upon him by letters 
patent. The object of this protection evidently is, to enable 
the patentee to — his invention by experiments, which, 
although open and known, will not be an user and publication 
to the prejudice of letters patent to be afterwards granted, so 
that he may be in a condition to describe in his complete speci- 
fication, as the result of his experiments, the best manner of 
performing the invention. It is in a sense supplementary to 
the provisional specification, not going beyond or varying from 
it as to the nature of the invention, but conveying additional 
information which may have been acquired during the cur- 
rency of the provisional specification, as to the manner in which, 
the invention is to be performed. From this description of 
the different offices of the two specifications it follows that upon 
an issue “whether the specification enrolled in pursuance of 
“the letters patent describes and ascertains the nature of the 
“invention,” if the claim in the complete specification is com- 
prehended within the terms of the provisional specification, that 
issue will be sutisfied. The relation which the provisional 
specification bears to the complete specification is much the 
same as that which, before the Patent Law Amendment 
Act, the title bore to the specification. The observations 
of Chief Justice Tindal, in Cook v. Pearce, 8 Queen’s 
Bench, 1064, are as applicable te the provisional specification 
now as they were to the title formerly. That learned judge 
says: “ The vagueness” (he had previously spoken of the vague- 
ness and generality) “‘ of the title appears to us to be an objec- 
“ tion that may well be taken on the part of the crown before it 
“ grants the patent, but to afford no — for avoiding the 
“ patent after it has been granted. If such title did not agree 
“ with the specification when enrolled, or if there had been an 
“ fraud practised on the crown in obtaining the patent with cua 
“ title, the patent in those cases might undoubtedly be held 
void.” These remarks, applied to the title of the patent, have 
a stronger application to the use of a provisional specification 
under the Patent Law Amendment Act, because the law officer, 
if he thinks the specification too large, can order it to be 
amended ; and if no objection is made y him, the generality of 
the specification, to repeat the words of Chief Justice Tindal, 
“ affords no ground for avoiding the patent after it is granted. 
The only objection which is then open is — the complete 
specification, whether it is sufficient in itself, and whether it 
agrees with the — specification. Now, by agreement is 
not meant a perfect correspondence, but merely that there shall 
in the complete specification at variance with the 
provisional. This is —— by the case of Re Newall and 
Others, 4th Common Bench, New Series, page 269. There the 
provisional specification contained a description of ‘the appa- 
* ratus gays in laying down submarine electric telegraph 
“ wires.” In the details it made no mention of “ the use of 
“ rings of iron to prevent the bight of the rope from flying out, 
“ when going at a — speed.” In the complete specification 
this addition to the description was introduced. It certainly 
might have been argued in that case that, although it was not 
necessary to state more in the oo specification than the 
nature of this invention, yet, if the inventor takes upon himself 
to go further and introduce a description of the manner of carry- 
ing it out, he thereby limits himself to that exact description, and 
the complete specification going beyond it rendered the patent void. 
But the Court of Common Pleas thought that all they had to 
look to was, whether the provisional specification sufficiently 
described the nature of the invention in compliance with the 
statute, and that the not entering into a detail of all the means 
by which it was to be accomplished was immaterial. Nor is it 
at all necessary that the complete specification should extend to 
everything comprehended within the provisional specification. 
Perhaps a better illustration of this proposition could not be 
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iven than that which was offered in the course of the argument. 
fi the patentee were to introduce into his complete specification 
everything which was warranted by the terms of the provisional 
specification, and afterwards found that a part of that which he 
had claimed would invalidate his patent, for want of novelty, or 
for any other reason, he might afterwards cure the objection by 
a disclaimer. Now, if he would be allowed to disclaim in such a 
case, which is matter of indulgence, he must have a right to 
waive his claim to any portion of the grant which the allowance 
of the provisional specification had entitled him to demand. It 
is clear, therefore, that unless the complete specification in this 
case claims something different from the provisional specification, 
the objection to the patent under consideration cannot prevail. 
But there is not the slightest foundation for the objection in 

int of fact, and each specification appears to me faithfully to 

Ifil its own office. The provisional specification describes the 

invention as consisting of ** employing wood in the construction 
** of the bearings and bushes for the shafts of screw and sub- 
“ merged propellers.” The generality of the description (even 
if it were too general, which I doubt), we have already seen, is not 
an objection which is now open. It has had the allowance of the 
law officer, and is safe from all question. Then, does the com- 
plete specification exceed the proper limits in describing the 
manner of performing the invention? It gives a detailed de- 
scription which has not been objected to as insufficient, showing 
how the wood is to be arranged in the bearings, and then it 
states the object of the invention; that is, the result which 
will be obtained by following the description previously given. I 
am quite at a loss to perceive in what respect this portion of the 
specification is objectionable, But it was said that one part of 
the complete specification went beyond the provisional specitica- 
tion, and extended to something which could not be included in 
it, viz., the application of wood to the shaft so as to revolve 
therewith, the provisional specification, in describing the nature 
of the invention, confining the employment of wood to the bear- 
ings and bushes. If wood applied in this manner to the shaft 
may Properly be called a bearing, then there is no excess in this 
part of the specification. But if, strictly speaking, this applica- 
tion of wood would not come within the description of a bearing, 
then the answer to the objection is, that it is not claimed, the 
claim being limited to the employment of wood in the construc- 
tion of bearings and bushes. There is, therefore, no departure 
from the provisional specification in the complete specification, 
and the finding of the Vice-Chancellor upon this issue was 
right. 
SThe third and last question raised was upon the finding, that 
the invention was the proper subject matter of u patent. To 
this it was objected that the finding is erroneous, avec the 
alleged invention was merely a new application of an old and 
well-known thing. It is very difficult to extract any principle 
from the various decisions on the subject, which can be applied 
with certainty to every case; nor, indeed, is it easy to reconcile 
them with each other. The criterion given by Lord Campbell, in 
Brook v. Aston, 8 Ellis and Blackburn, page 485, has been 
frequently cited (as it was in the present argument), that “a 
“ patent may be valid for the application of an old invention to 
“anew purpose, but to make it valid there must be some 
‘* novelty in the application.” I cannot -— thinking that there 
must be some inaccuracy in the report of his lordship’s words, 
because, according to the proposition as he states it, if the in- 
vention is applied to a new purpose, there must be some novelty 
in the application. 

Lord Chief Justice Cockburn approaches much nearer to the 
enunciation of a principle, or, at least, of a rule, for judging in 
these cases in Harwood v. the Great Northern Railway Com- 
pany, 2 Best and Smith, 208. ‘There he says, “ Although the 
** authorities establish the proposition that the same means, ap- 
* paratus, or mechanical contrivance cannot be applied to the 
“ same purposes, or to purposes so nearly cognate and similar 

as that the application of it in the one case naturally leads to 
“the application of it when required in some other, still the 
** question in every case is one of degree, whether the amount of 
“ affinity or similarity which exists between the two purposes is 
** such that they are substantially the same, and that determines 
‘* whether the invention is sufficiently meritorious to be deserv- 
“ ing of a patent.” 

In every case of this description one main consideration seems 
to be, whether the new application lies so much out of the track 
of the former use, as not a to suggest itself to a person 
turning his mind to the subject, but to require some application 


of thought and study. Applying this test, which cannot be con- 
sidered an unfair one, tothe present case, it appears to me impos- 
sible to say that the patented invention is merely an application of 


an old thing to a new purpose. The only examples of that use 
alleged by the defendants were in grindstones and water-wheels. 
No doubt these have what may be called bearings, but they are 
of a totally different character, and for a totally different object, 
from the bearings patented. In neither water-wheels nor grind- 
stones is there a wooden bearing in which the wheel revolves, but 
the wheel is merely supported on wood, not encased nor sub- 
merged, nor constructed for the purpose of admitting the water 
to flow freely within the bearings, and the revolutions of each 
of them are at a very slow pace. It is difficult to believe that 
bearings of this description could ever have suggested the > 
plication of wood to the bearings of screw propellers in the 
way described in the patent. It is, to my mind, not merely a 
different application, but something in itself essentially different. 
It had been found that in the mode of constructing screw pro- 
pellers, by making metal work upon metal, they soon wore out, 
and occasioned a violent, irregular novion in the vessel. Mr. 
Penn, having turned his attention to the remedying this defect, 
devised the plan of placing fillets of woed upon the inner sur- 
faces of the Leasing so as to prevent the shaft coming into con- 
tact with the metal of the bearings, and so as to admit of the water 
flowing freely between the shaft end the inner surfaces of the metal 
bearing, thereby keeping the wood constantly lubricated. The 
success of this invention has been proved in a remarkable man- 
ner, for the revolutions of a screw-propeller being, upon an 
average, at the rate of 120 a minute, the metal bearings very 
svon wore out with the friction occasioned by this great velocity, 
and yet the wooden bearings of the plaintiff, fitted into vessels, 
have continued serviceable without repair for some years. It 
would be an extraordinary fact if an invention of that kind, so 





long wanted and of such great utility, should have been lying in 
everybody's way who knew anything of the construction of a 
water-wheel and a grindstone, and yet should never before have 
been discovered; and equally remarkable, if the invention had 
been anticipated in these familiar machines, the Admiralty, and 
mercantile marine, and upwards of fifty firms should have sub- 
mitted to pay royalties for the privilege of being permitted to 
use it. 

I have now disposed of every question connected with the 
patent; but there was one ground of application for a new trial 
which must be shortly noticed. It was said that the defendants 
were proceeding to cross-examine some of the plaintiff's witnesses 
as to their knowledge of the use of wood for bearings in paddle- 
wheels prior to the date of the patent, and that the Vice- 
Chaneellor stopped them upon the ground that this was not 
within the notice of objections. I apprehend that it is always 
competent, upon cross-examination, to put a question in this 
general form. The counsel would not be entitled to inquire of 
the plaintiff's witnesses as to any specific instance of the prior 
use of the patented invention of which he had not given 
notice; but he has always a right to test the general knowledge 
of the witnesses upon the subject. In order to ground 
this objection, however, the question proposed to be put 
should have been formally tendered to the judge, and rejected 
by him as inadmissable. Now it appears that his honour was 
never distinctly requested ts admit any specific question, but 
from some cursory remarks it is assumed that he would not 
have permitted a particular line of cross-examination. This, 
however, is not sufficient. The judge should have an opportunity 
of deciding upon some distinct question, and have refused to 
allow it, before there can be a motion made for a new trial on 
account of the rejection of evidence. This objection, therefore, 
has no foundation. The motion for a new trial must be refused 
with costs. 








THE SOCIETY OF ENGINEERS. 


Tue Council of the Society have invited papers, for reading 
and discussion at their meetings, upon the following subjects: 

Works in Progress. — Blackfriars Bridge; Bombay Gas 
Works; Chelsea Bridge (Albert); Dead Meat Market, Smith- 
field; East London Railway; Pneumatic Railway; Rio de 
Janeiro Drainage; Thames Embankment; West London Rail- 


way. 

Meedinew,< Aafectied Machinery; Apparatus for 
Cleaning Ships’ Bottoms; Armour Plating for Ships; Break- 
waters; Breechloading Small Arms; Canal Navigation by Steam ; 
Construction of Foundations; Deflection of Iron Girders, cast 
and wrought; Dredging Machinery; Electric and Submarine 
Telegraphs; Fire-proof Buildings; Floating Docks; Fortifica- 
tions; Gas and Water Meters; Gas and Water Engines; Har- 
bours of Refuge; Hydraulic Machinery; Hydraulic Propulsion; 
Improvements in Iron Manufacture; Improvements in Boiler- 
making; Improvements in Boiler Mountings; Indian Railways; 
Iron Ship Building; Iron Bridges; Lighthouses; Locomotive 
Engines; Marine Engines; Making and Drainage of Roads; 
Ordnance; Preservation of Iron Structures; Preservation of 
Stone; Purification of Gas; Purification of Water; Railway 
Surveys; Recent Improvements in Engineering Tools; Recent 
Results of Testing Steel and Iron; Steam Riveting Apparatus ; 
Steel versus Iron Rails; Steel in Bridges; Stone Bridges; Sub- 
marine Cables—Making and Working; Suspension Bridges; 
Supply of Water to Towns; Telegraphy ; Torpedoes; Turbines ; 
Ventilation of Sewers; Ventilation of Mines; Ventilation of 
Houses; Wet and Dry Docks; Working Heavy Guns. 

On Monday evening next, Professor Tennant will deliver a 
lecture before the Society, “ On Granite, as a material for con- 
structing Embankments, Bridges, &c.” 
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STEAM TRACTION ON CANALS. 
To THe Eprror oF ENGINEERING. 


Srr,—Various kinds of propellers have been tried for moving 
steam vessels on canals—paddle-wheels at the sides, twin screws 
at the bow and at the stern, paddle-wheels at the stern, and a 
single screw at the stern. Of these probably Lymington’s 
original plan of a paddle-wheel at the stern is as good as any. 
But a better method of propulsion, I venture to think, would be 
by means of a great central wheel armed with spikes at the 
periphery, and capable of rising or falling through a well in the 
vessel, so as to be able to accommodate itself to the inequalities of 
the bottom of the canal upon which it would run, drawing the ves- 
sel with it. Upon the Rhone, steamers, towing trains of barges, and 
propelled by such a wheel, have long been in operation, with the 
most successful results; and as these vessels work without slip, 
they dispose of the engine power in traction more economically 
than any form of screw or paddle can do. The propelling 
wheel is fixed at the end of a hinged frame, which is capable of 
rising and falling like the bucket ladder of a dredging-machine, 
and the motion of the engine is communicated to the wheel 
through the medium of a pitched chain. 

Iam, &e., 
Joun Bourg, C.E. 











DuUNABERG AND VitEBsK Raitway.—This line, which is 
160 miles in length, has been completed in two years by an 
English company, with a guarantee of five per cent. from the 
Russian Government. It forms a continuation of the Riga and 
Dunaburg line (also constructed by Englishmen), and crosses in 
the last mentioned town the line from St. Petersburg to 
Warsaw and Berlin. An attempt is now being made to raise 
the capital required for extending the line from Vitebsk to Orel, 
where a junction would be effected with a line in course of con- 
struction from Moscow to the Black Sea. The length of the 
new extension would be 300 miles; it would have the effect of 
putting Riga in direct communication with the south of Russia 
and the East. A concession of the extension was originall 
granted to Sir S. Morton Peto, but it has now been transferred, 
we believed, to M. Bischoffsheim, of Brussels. 

Tue scent of tar has been found to be preserved in hemp rig- 
ging which had lain 100 years in sea-water. 





SOCIETY OF ENGINEERS. 
December 3, 1866. 
W. H. Le Fevuvre, Vice-President, in the Chair. 
On the Designing and Construction of Storage Reservoirs. 
By Antuur Jacos, A.B., Assoc. Inst. C.E, 
(Concluded from page 444.) 


Supply. 

THE reservoir site being supposed everything that could be 
desired, as regards the disposition of the ground, the supply 
will next engage attention as a matter of course. Assuming 
that the gathering grounds are sufficiently extensive, it is pre- 
sumed that the reservoir will be constructed to contain sufficient 
water to meet the maximum demand, whatever that may be 
calculated at, and in order to determine with accuracy what 
capacity the reservoir will have with different heights of em- 
bankment, it will be necessary to out certain levelling 
operations over the ground. The least elaborate manner of pro- 
ceeding will be to run a series of cross levels through the valley, 
referring all to the same datum, and by comparing these levels 
to ascertain what the average depth will be for a given height 
of bank. Having decided the height of the water-level, the next 
operation will be to contour round the basin, and to survey the 
boundary line. In this way may be acquired sufficient know- 
ledge as to the storage capacity, to justify the procedure with 
the work. When the execution of the project a been deter- 
mined upon, it will be advisable to make a more accurate survey 
of the bed of the valley, and this can best be done by covering 
the whole plan with a series of contour lines at a vertical dis- 
tance from each other of about 5 ft. This kind of survey will 
be of lasting value to the engineer, for it will enable him to cal- 
culate what quantity of water the reservoir will contain at each 
foot of depth; and, consequently, he will know, from a mere 
inspection of the gauge in the reservoir, what quantity of water 
he has at his disposal for service. 

It has been assumed that the gathering grounds are sufficient 
to maintain the requisite supply in the reservoir, but it may be 
well to pause and inquire what extent of watershed will be suffi- 
cient to furnish a given supply, and what method may be adopted 
for supplementing an insufficient drainage area. It has before 
been remarked that the only reliable information, when there is 
any question as to the sufficiency of the rainfall or the area of 
the catchment basin, can be derived from careful gaugings of the 
stream or streams that may be depended upon to contribute to 
the supply. If the catchment area is very large as compared to 
the capacity of the reservoir, a mere —— of the map and 
an exploration of the ground will generally be conclusive as to 
the sufficiency of the supply for storage. Should there not be 
such conclusive evidence on this point, it must be determined by 
measuring the quantity of water that actually flows off the 
ground, at the same time gauging the rainfall. This latter pre- 
caution would appear unnecessary; but, in truth, it is of great 
value, for it will furnish, by comparison with the rainfall 
registers that have been kept through the same year and a 
series of previous years, evidence as to the amount of available 
rainfall that may be expected during terms of — 
drought. Ifthe supply of a town with water be the desidera- 
tum, the rule to be rigidly observed is that of making a minimum 
supply meet the maximum demand, and, therefore, it is of the 
highest importance to determine, beyond any doubt, what the 
minimum yield of a catchment basin will be. 

As a mode of supplementing an insufficiently large drainage 
area, catchment drains or feeders have frequently rendered 
good service. These are cuts that are carried outside the 
watershed line to arrest the surface drainage and catch the 
contributions of small streams, and conduct the water into the 
reservoir, ‘The greater the area enclosed between catchment 
drains and the watershed line, the more valuable will they be 
as aids to the supply of the reservoir. They, of course, virtually 
extend the area of the catchment, adding so many square miles 
or acres to the rainfall. 

Designing of Works. 

Knowing the exact requirement of a given population, or 
rather having fixed, after every consideration, the daily con- 
sumption of every individual] that it is proposed to supply, there 
will be no difficulty whatever in proportioning the reservoir to 
the demand upon it. It is sometimes necessary, however, to 
provide reservoirs for the —— of preventing damage to the 
country by floods, and in this way the inconvenience and injury 
naturally consequent upon very sudden and excessive falls of 
rain may be to a great extent obviated. The duty of the re- 
servoir will be to arrest all water in excess of what the stream 
can carry within its banks, and to dispose of this excess water, 
so to speak, in detail, after the excessive rainfall has become 
moderated. A ae of a stream’s discharge, taken at 
highest floods, with the quantity that it can carry without over- 
flowing its banks will show the excess that has to be retained 
by the reservoir; and these data can only be arrived at through 
a carefully kept record of the extent of the floods and of their 
duration. The maximum flood in this consideration will not be 
that which rises to the greatest height for a.short time, but will 
be the product of the excess of what the river can discharge, by 
the length of time the flood lasts: which will, in fact, be the 
necessary capacity of the reservoir. 

The table given below will afford an interesting study when 
compared with the following table, extracted in part from the 
same work. The first gives a comparative view of the volume 
of water gauged and stored in small hill districts, the last 
column indicating the proportion of the total available rainfall 
to the amount actually intercepted for storage. The following 
table shows the ordinary summer discharge of various rivers, 
streams, and springs, as unaffected by immediate rain: 

Where the reservoir is designed to check the injurious effects 
of floods, the proportion of the storage to the rainfall will, in 
most cases, be much smaller than what would be necessary to 
provide for the better part of a whole year’s fall of rain; for it 
is not probable that the maximum known flood can ever excee 
the amount that it would be necessary to store for economic 


purposes. 
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Proportions of Bank. 

The proper proportion to be given to an embankment for the 
support of water is a question that appears to admit of a 
good deal of difference of opinion, some designers taking one 
view, some another, of the proper theory that is to determine 
the dimensions of a bank. Some few, with whom the author 
cannot agree on this point, maintain that a bank ought to be 
designed with strict reference to its theoretical power of resist- 
ing hydrostatic ampiees or the effort of the water to displace 
it. Regarding the question in its abstract form, it will be evi- 
dent that any structure intended to sustain the pressure of 
water may be supposed to yield in one of two ways. Either, in 
the first place, by yielding to the horizontal pressure of the water 
and overturning; or by progressive motion, é.e., sliding on its 
base. In considering the first theory, that of resistance to 
overturning, the easiest method of examining the yee will 
be to take a simple example of a vertical rectangular wall, and 
ascertain what power it exercises to resist the pressure of water. 
The pressure of water upon any plane surface immersed is 
known to be equal to the area of that surface, multiplied by the 
depth of its centre of gravity below the level of the water and 
by the weight of a unit of water. Generally speaking, the 
unit adopted in calculations is a foot; and the unit of water 
being taken at a cubic foot, weighing 62.5 lb., the resulting pro- 
duct from the multiplication of the three quantities will give 
the pressure in pounds on the surface immersed. Let it be sup- 

d, for simplicity, that water to the depth of 10 ft. has to 
[ catedaed by a vertical rectangular wall, as in Fig. 5. It 
is usual to take but 1ft. length of the wall for the calcula- 
tion, though it will not affect the result whether one foot or one 
hundred feet be the length assumed. We then have the sur- 
face under pressure = 10 square feet, the depth of the centre 
of gravity = 5 ft., and the weight of a cubic foot = 62.5 lb., 
the product of which quantities gives us 3125 Ib., the pressure 
on 1ft. length of the wall. But this pressure is not the whole 
of the force that the wall has to resist; the leverage that it 
exerts must also be taken into account. In the example under 
consideration—viz., that of a vertical plane with one of its sides 
coinciding with the surface of the water, as in Fig. 5, the 
whole of the pressure is so distributed as to be equal to a 
single force acting at a point one-third of the depth from the 
bottom. Thus, the total force to be resisted by the wall is 
8125 x 3.83 = 10,416, which it the moment tending to over- 
turn the wall. 

It is evident that a certain weight of the wall must be op- 
posed to this overturning force: and as the height of the wall 
and the length are determined quantities, the thickness alone 
remains for adjustment. But as a rectangular wall in upset- 
ting is considered to turn upon a single point, F, in the Fig. 1— 
viz., the outer line of the Pot of the wall—there will be a cer- 
tain amount of leverage to assist the wall in resisting the pres- 
sure of the water. ‘This leverage is the horizontal distance of 
the centre of gravity of the wall from the turning point, F 
and when the structure is rectangular and vertical, it is equal 
to half the thickness. The amount of the wall’s resistance 
will then be equal to the number of cubic feet in one foot of 
its length multiplied by the weight of a single cube foot of 
masonry and by half the thickness of the wall, Taking w = 
weight of a cubic foot of water = 62.5 lb., w! = weight of a 
cubic foot of masonry, say 112 1b., 2 = thickness of the wall, 
and h = the height, the conditions of simple stability will be 
fulfilled when 
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the thickness of the wall=4 ft. 4 in. 
A simple example has been selected for illustration; but of 
course a rectangular section of wall would not be found gene- 





rally applicable in practice, nor would it be convenient to limit 
the dimensions of a retaining wall of whatever kind to the mini- 
mum that would sustain the pressure. If this principle of cal- 
culation be applied to ascertain the stability of a of earth 
with large slopes of 2} or 3 to 1, it can easily be shown that in 
every case the resistance of the bank to overturning is greatly in 
— of the horizontal leverage exercised by the water sus- 
tained. 

The only theory, then, in any degree tenable is that assuming 
a bank in yielding to the pressure Jf water to slide on its base. 
In order to conceive how this can apply, it is necessary to as- 
sume the embankment to be a rigid body resting, for a given 
length of its section, on a horizontal plane; and without any 
adhesion, or a very small fraction, existing between the surfaces 
pressed. The amount of the friction, however, is just the point 
upon which the whole matter hinges, and until it has been as- 
certained that the surfaces of earth that are carefully incorpo- 
rated with one another have any such thing as a coefficient of 
friction, it is idle to pursue the investigation by a mathematical 
mode of reasoning. The conditions of stability will be satisfied 
when the horizontal component of the water’s pressure against 
the bank will equal the weight of the bank, plus the vertical 
pressure exercised by the water to hold it down and multiplied 
by the coefficient of friction; but nothing is known of this co- 
efficient, and consequently the equation remains incapable of 
solution. As a matter of fact, embankments do not slide bodily 
forward on their base when they fail, but give way from other 
causes than mathematical reasoning can supply. Landslips, it 
is true, to some extent support the principle that maintains the 
sliding of embankments ; but, here, the circumstances are widel 
different. Landslips either take place when a mass of eart 
rests upon an inclined surface of rock, with an ample supply of 
water to lubricate the surfaces in contact, or else they are the 
result of cutting or embanking earth to a higher slope than the 
material will stand at: the infiltration ot water also in this case 
is the chief agent in producing the effect, acting as a lubricant, 
and causing the earth to assume its natural slope. In each case 
the surface of separation is an inclined plane, an element that 
does not enter into the question of the stability of embankments. 
The principles that direct the design of embankments to re- 
tain water are not those that apply to the calculation of the 
forces to be resisted or the means to overcome them, any more 
than breakwaters and harbour walls can be designed on mathe- 
matical principles. The whole question naturally turns on what 
slope the material composing the bank will stand at. If earth 
could be got to remain at a slope of 1 to1, even though the 
embankment had no thickness whatever at top, it would be. 
amply sufficient in weight to uphold the water in a reservoir 
This, however, cannot be accomplished without the assistance of 
retaining walls, which would be found in most cases much more 
expensive than the additional earth required to increase the slope 
to the angle of stability; and, therefore, the section is so dis- 
posed that the earth shall stand both inside and outside the 
reservoir at such a slope as will be under all circumstances per- 
manent. These slopes have been determined by long practice 
and by success and failure in pre-existing instances—that is to 
say, the limits have been laid down, for it is not to be assumed 
that all descriptions of earth will fall to exactly the same slope 
when exposed to the constant action of water or weather. Earth 
when subjected to the contact of water almost invariably loses a 
certain amount of its stability, and, therefore, it is usual to give 
the inner side of an embankment a longer slope than the outside. 
In most of the test-existing examples the inside slope of the 
bank is either 3 to 1 or 23 to 1, and it is rare to meet any de- 
parture from this rule. The outside slope may be designed at 
from 2 to 1 to 3 to 1, depending upon the character of the ma- 
terial, its power of withstanding the erosive action of the air, 
and the means used to protect the surface from being washed off 
or from crumbling away. In designing embankments, the im- 

rmeability of the earth is a matter that cannot be relied upon. 
There are, it is true, innumerable embankments now standing 
that have never allowed the escape of a drop of water from the 
reservoir, although no special precaution was taken to make 
them watertight. Of these India abounds with examples, the 
introduction of a puddle-wall being in the older embankments of 
very exceptional occurrence. The earth was merely dug out 
close at hand, and carried by the workpeople in baskets on their 
heads to where it was deposited, without any regard to the mode 
of disposing the material. The author has had occasion to con- 
strucc a considerable length of levee, or embankment, on this 
simple plan for the protection of the country from the flooding 
of a river; and although, so far as he is aware, no flood has yet 
taken place to test the work, he has, from the study of existing 
examples, entire confidence in the result. The earth, so far as 
practicable, was disposed in layers, and before each was com- 
pleted it was thoroughly consolidated by the tread of the work- 
men. It is not suggested that the puddle-wall shonld be dis- 
pensed with in designing embankments, for the additional degree 
of safety, in most instances,.will more than compensate for the 
extra expense it entails; but, in low embankments made of 
good retentive clay, the precaution of puddling is by no means a 
necessity. 

In most of the test examples of embankments in England, 
the practice adopted has been to carry up the earthwork in 
layers of two or three feet in thickness, dispersed in the manner 
shown in Figs. 6 and 7, and at the same time to construct in 
the centre of the bank a wall of well puddled clay, the founda- 
tion of which is carried down for whatever depth may be neces- 
sary, in order to reach an impermeable bed of earth or rock. 
It is not in all situations possible to procure earth exactly suit- 
able and in sufficient quantity for the construction of an em- 
bankment, and, consequently, it is usual and advisable to dis- 
pose the best part of the material, that is, the most retentive of 
water, in juxtaposition to the puddle wall, as indicated in Fig. 6. 
In this example the selected material is disposed equally at 
either side of the puddle; but, as its function is to withstand 
the admission of water, it would probably be more consistent, 
though less in accordance with practice, to place all the selected 
material on the inner side. The practice of excavating the earth 
for an embankment from the inside of the reservoir is one that 
should not be followed without caution. Removing so large a mass 
of material would, no doubt, give a considerable increase of storage 
room; but sometimes the bed of a reservoir is covered by a 





layer of impervious clay that is of immense value, and if this 
be cut through or removed it is quite possible that a bed of 
porous material may be met with, sufficient to allow the esca 
of water when it comes to be admitted. In specifying for the 
dimensions of the puddle wall, a sound rule for adoption is, that 
it shall have a thickness of 10 ft. at the top-water line and in- 
crease in thickness to the surface of the ground, at the rate of 
1 in, on each side for every foot of height. Before any excavation is 
commenced, it will be essential to make a sufficient number of 
borings to ascertain the nature of the soil beneath the surface. 
It may here be mentioned that professional men are not appa- 
rently yet agreed as to the principles to be kept in view in con- 
structing reservoir embankments; and this want of concurrence 
never was more apparent than in the discussion that followed the 
destruction of the Dale Dyke reservoir, near Sheffield. Fig. 8 shows 
a cross section of this ill-fated embankment. It was 95 ft. high 
with slopes of 24 to 1, anda top width of 12 ft. The puddle wall 
was 16 ft. in width at the ground line, and tapered to 4 ft. at the 
top of the bank. This embankment, with the exception of the 
puddle wall, was composed of rubble stone and shale, an addi- 
tional price having been given by the engineers to insure the use 
of the former material; which proves, at any rate, that this 
mode of construction was adopted on principle, and not through 
ignorance or mistake. From the evidence given by the engineers 
of the company, it appears that it was, in their opinion, de- 
sirable that the inner part of the embankment should be perme- 
able to water, because earth was much more likely to subside 
and slip than an open and less yielding material like stone. This 
mode of construction implies that the puddle shall be fully 
sufficient of itself to resist the passage of water, and that there 
is no necessity to relieve it of any er of the pressure against it. 
Of course, if a bank be composed of open work, every point in 
the face of the puddle is exposed to the full and direct hydro- 
static pressure; and if at any point there is the smallest fissure 
or imperfection, the water has full power against it, and will, to 
a certainty, take advantage of such point to breach the dam. 
The assumption, then, of the constructors of this and the Agden 
reservoir evidently was that a puddle wall of some 25,000 square 


feet of area was to be constructed without an imperfection of * 


any kind, or a single weak point in the whole surface. 

The obvious reason for employing puddle at all in embank- 
ments is to thoroughly ciose up every iinperfection that can occur 
in the earthwork; it is, in fact, merely an accessory, and cannot 
be relied upon of itself to secure the embankment against 
destruction. If an embankment be constructed of good sound 
earthwork, properly executed, it is highly probable that the 
water may never penetrate half way en to the puddle 
wall, and probably in the majority of examples has not done 
so. Earthwork, however, is not always executed without im- 
perfection: some decomposable material may be introduced 
which in course of time dissolves, leaving a fissure ; one part may 
be at first less consolidated than another, and subsiding lead to 
imperfection ; or an embankment, be it ever so well constructed, 
may be burrowed through by moles, rats, and other vermin. It 
is to meet the first two of these sources of imperfection that 
puddle is used, and if, by such fissures as may occur in ordi- 
nary earthwork, water was admitted as far as the puddle 
wall, it can only exercise pressure against it at a few 
points, the puddle and earth being, in good work, so 
bonded and incorporated with each other that there is 
no space left for the water to occupy and press against 
the surface. Most who have read the account of the disaster 
that occurred in March, 1864, at Sheffield, will recollect how 
singularly conflicting the professional evidence on that occasion 
was. Some of our first engineers were ranged against each 
other in order to satisfy the public as to whether the failure of 
the embankment was attributable to bad engineering or to a 
land slip; and although the impression finally remained on the 
public mind that there was not that engineering skill and atten- 
tion to the construction of the works that their magnitude and 
importance demanded, the engineers were fairly divided in 
opinion as to the cause of the disaster. One section pronounced 
without qualification that the embankment gave way in conse- 
quence of a land slip, and entirely ignored the fact of the em- 
bankment being defectively constructed; whilst the other 
gentlemen gave their verdict dead against the company, and 
their mode of constructing water-tight banks. The two dia- 
grams, Nos. 6 and 7, may be taken as indicating the system of 
constructing embankments most generally approved of. The 
puddle, as will be observed, is carried up to the natural surface 
of the ground without any batter, and from that point slopes 
on each side to the top of the bank; on either side, after- 
puddle is disposed in concave layers, the most sound and reten- 
tive part of the materials, and outside of all comes the ordinary 
earthwork. 

As a security ae the eroding action of the water, and also 
against the in of vermin, the most desirable as well as the 
most usual practice is to pitch the whole of the inner face of an 
embankment with stone carefully laid by hand. Neglect of this 
precaution has led to the destruction of many embankments in 
other respects securely constructed, and even when ample 
height of bank above the surface of highest water was provided. 
In all ordinarily inclement weather the disturbance of the sur- 
face of a reservoir amounts to no more than a mere ripple, but, 
when the surface is of large extent, and a severe storm Giowing, 
the waves produced are such as to cause reasonable apprehen- 
sion, and, in fact, have before now overtopped the bank and cut 
it down till the water flowed over and caused the destruction of 
the work. In most cases it wili be necessary to leave about 5 ft. 
between the level of the highest water and the top of the em- 
bankment, and never less than 3 ft. 

A mode of construction uot very generally used, but appa- 
rently consistent with reason, is that shown in Fig. 7, the em- 
bankment for the Bideford Waterworks; it consists in covering 
the whole of the inner face with a layer of puddle, with some- 
times a layer of peat outside it, On some occasions it has been 
thought desirable to mix with the — quantity of small 
stones or furnace cinders, by way of obstruction to vermin—a 
precaution that is by no means unnecessary. Asan instance in 
point, the author is reminded of a masonry dam in India that 
had to be pointed every year regularly, because the freshwater 
crabs in the reservoir found it convenient and promotive of their 
development of shell to appropriate the mortar to their personal 
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use; the points were cleaned out as effectually at the end ob each 
monsoon as if the work had been done to order. 

The preparation of the foundation for an embankment is a 
matter requiring some care. The soil consisting of grass, roots, 
&c., and other matters of a decomposable nature, should be 
carefully removed over the whole Space to be covered by the 
bank, and if any porous material, such as sand or gravel, be 
wresent, it must be removed, until a compact and water-tight 
Ped is arrived at. The bank must, in fact, be in contact with 
some sound and reliable material that ¥ not admit the pas 
sage of water. 





App ndages of Reservoirs 

Under this heading may be considered 
The whole apparatus for allowing the water to escape, in 

cluding the pipes, the valve tower, and the culvert ; 

The waste sluices ; 

The waste weir or by-wash. 
The most economical mode of 
servoir is through a single pipe 
embankment or immediately under it 





under any circumstance, be recom J 1 itiss 
times found in existing examples. It is open to several ave 


objections, the principal of which, perhaps, is that the f uilure of 








a joint under the embankment from unequal pressure, or from | 


whatever cause, will probably produce the destruction of the 
embankment, or, at any rate, entail a serious ints rruption 
supply, by the reservoir having to be emptied in order 
pair the pipe. Buried in or under an embankment, a pipe i 
completely out of reach and out of view, and may be in a 
very defective state, without its being possible to det ‘ 7 
perfec tion. 

In order to secure the satisfactory working of ar 
source of constant supply, it is essential that the outlet pipes, 
valves, and all other appendages for controll ud reg 
the escape of the water should be accessib inspection and 
repair. The usual mode of accomplishing this is to carry the 
pipes out through a culvert of brick or masonry of sufficient 
dimensions to admit a man. ‘This culvert communicates with 
the valve tower, as shown in Figs. 6 and 7, so that there is a 
complete communication between the outside of the reservoir and 
the inside. When unavoidable, the culvert is carried 
under the embankment in the patural ground, but the safest 


and most generally approved mode of construction is to b 


the culvert round the end of the embankment, where it will be 
out of reach of injury from unequal settlement, a source of no 
sinall apprehension when either culvert or pipes alone are carried 
under the bank. Where possible, it is an excellent plan to run 
a heading through the solid ground, lining it with brickwork and 
— it, forming a tunnel entirely independent of the em 
aankment. The principal objection to carrying either the 
culvert or pipes through or under the bank is their liability to 
fracture from the unequal settlement of the earthwork. It 
would appear that their liability to damage cannot with cer 
tainty be insured by any reasonable depth of excavation, and is, 
therefore, generally disapproved of by the best authorities. 

In the best constructions the culvert is situated halfway or 
two-thirds up the embankment, and in such case the outlet 
pipes for drawing off the water in the reservoir act as syphons, 
when the water surface has fallen below the culvert. Fig. 6 
shows a plan, as well as a cross section, of a reservoir dam 
designed for general application by Mr. Rawlinson. Here the 
bottom of the culvert 1s about 25 ft. above where the inner 
slope of the embankment intersects the ground at the low 
point. The syphon pipe is also shown passing through , 
culvert; the horizontal culvert is connected with a shaft inside 
the embankment, in which are placed the valves for leading off 
the supply from the reservoir. The valves are made to be 
closed on the inside by valve spindles and screws, and the inlet 
pipes are closed on the outside by plugs which can be applied 
from the top of,the valve tower. Thus the engineer,has full com 
mand of the whole of the outlet works; all the pipes and valves 
are easily accessible, and under perfect control, so that the 
air of any derange 
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supply can at any time be arrested fur the re} 
ment that may occur, even to the removal and replacement of 
all the pipes. The inlet pipes are shown in this example as well 
as in Fig. 7, fixed at different heights in the valve tower, the 
object of which is to draw the supply from the reservoir from a 
point near the surface. Fi n arrangement by which 
this object is effected very simply. rhe outlet pip 
through or under the embankment, is connected on th 
the reservoir by a flexible joint with another pipe of the same 
diameter, to the upper end of whick is attached a float, Thi 
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pipe is movable in a vertical plane, being contr 1 fi 

motion by ten guide-posts, as wh. Such an arr 

enables the water to be drawn « 1 the surfa v 

least liable to be contaminated with upurities. Whatev 
arrangement be selected for drawi the supply rf La 
reservoir, the system of carrylog the pipes, either with or wit 
out a culvert, through or under the embankment cannot be 


sufficiently deprecated ; they are, in such a position, beyond the 
reach of inspection, and, moreover, are very like ly to induce 
leakage from the reservoir. It is usual to puddle carefully the 
culvert or pipes when ¢ arried under or through the bank, but, 

















even with such a precaution, the water has under a ¢ rable 
head a tendency to creep alot and by soa oth 
earthwork may cau ny « many ¢ n 
and destroy embankment 

When embankments are not of great height, an ex lingly 
cheap and simple mode might be adapted for drawing off t 
water. This would be by laying a syph over the emba nent, 
as was done in the case of the middle-level draina in C 
bridgeshire, which syphon would at the inner side have a 
connexion with another tube having a float att 1 as abe 
described. Such an arrangement would ply wl th 
depth of the water did not exceed 28 ft., pr re of t 
atmosphere would, under ordinary circumstances, not | iff 
cient to overcome a greater head of water than this, and tl 


syphon would not act. The arrangement could be suc 
applied to irrigation tanks in India, where the emba ’ 
freque ntly less than 30 ft. Each leg of the sypli 
provided with a valve to retain the water, and whet 
was intermittent it would be essential to have an op: 
highest point of the syphon, and some appliance { 
with water in case of leakage. 




















| the discharge, in consequence of which the surface of the water 
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To insure a constant discharge from a reservoir with a con- 
stantly varying head, several methods have been adopted; of 
these, one of the most ingenious is that used at the Gorbals 
Waterworks, near Glasgow. Fig. 10 represent a transverse 
section through {the regulator-house, showing the arrangement 
by which the discharge is equalised. ‘To the orifice of the outlet 
pipe, O, is fitted a square-hinged flap valve of wood, against 
which presses, by a friction roller, a lever, B, the arms of which 
ure bent. ‘To the upper arin is attached a chain that, passes 
over a pulley, and is connected with a cast-iron cylinder or 
float, D, that stands in the reservoir, E, of slightly larger 
diameter. At the side of the entrance door of the building is 
placed another cistern, G, of cast iron, closed af top, and com- 
municating by a pipe, R R, with the vertical pipe, H, which is 
ion with the outlet pipe, and passes up the’ slope of 
nt to carry away any air that may accumulate in 
the main. The cistern, G, is connected with the reservoir, EF, 
by a pipe, R, which supplies water to float the cylinder, D, 
Now it is evident that the discharge from the reservoir will be 
culated by the position of the lever, B, and this again will b 
utrolied by the height of the float, D. To regulate this 
height the supply from the cistern, G, must be self-adjusting, 
or be regulated by the amount of water flowing away. The 
float, N, has attached to it a spindle on which are fixed two 
double-beat valves that work in the vertical part of the pipe, K, 
one of which admits water from the cistern, G, into the cylinder, 
E, and the other allows the water to escape from the reservoir, 
E. Now if the surface of the water upon which the float, N, 
rests should rise above the proper level, the float forces up the 
spindle, closing the supply valve ‘from the cistern, and at the 
same time opening the lower valve. ‘Thus the supply is cut off 
and the escape opened, enabling the float, D, to fall. The sub- 
sidence of the float closes more or less the flap valve, and checks 




















falls, and with it the float, N, which consequently opens the 
supply-valve, and again admits water into the cistern, E. Thus 
an almost pérfect equality between the consumption and the 
supply of water is preserved. It would appear that the same 
effect could be produced by connecting the lever directly with a 
float on the surface of the water, but such 
would only apply when the pressure against the 
It is essential that every reservoir should be provided with 
some means of getting rid of the excess of water that flows into 








it 
or waste pit, it is one that should not be ¢ 
advantageous position for a waste weir will g 
point remote from, and entirely unconnected with, the embank 

ment, and occasionally a natural depression in the ground, as 
shown in Fig. 4, will afford remarkable facilities for the con- 
struction of an escapee The level of the crust of the waste 
weir with reference to the top of the dam will require to be care- 
fully adjusted, the minimum difference of level being 3 ft., 
ind the maximum about 10 ft., depending on varying circum- 
stances. The he ight of the waste weir will, of course, regulate 
he top water level in the reservoir, and this must be fixed with 

sard to the probability of the embankment being overtopped 
waves. T i i 


cumstances influencing the height of the 
waves in a reservoir are the extent of the wa surface, the | 
depth and the amount of exposure to or shelter from wind, all of 
which will vary with each particular case. Under ordinary cir- 
cumstances, the height of the top of the embankment above the 
crest of the waste weir should be for 


I n > ft. deep, 4 ft. 





and whether this provision be made by a waste weir, sluices, 
te The most 
nerally be at some 
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liffvrence of level may 
be proportionately increased. 
When the configuration of t 


he ground does not afford any 
facilities for the construction of a waste weir after the manner 
described, sufficient provision for the escape of the overflow is 


made through a waste pit, as shown in Fig. 11 (section of the 
Doe-park reservoir embankment). ‘This waste pit, or tower, is 
generally a circular structure built over the outlet culvert inside 
the reservoir, and serves equally for access to the valves and for 
the escape of the flood water. With regard to the capacity of 
the waste weir or waste pit, whichever be adopted, it will be 
necessary to make ample provision for the discharge of the 
sudden accessions of flood water, that reservoirs are subject to, 
and which 'so seriously imperil their To provide for 
his there is an empirical rule amongst engineers that is sup- 
wsed to suffice for the most urgent conting It states 
hat there shall be less than 3 ft. of length of overfall for 
very hundred acres of gathering ground, but it is obvious that 





sulety. 





hneies. 
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] lisch » over the weir will not depend only upon the 
f ling on a certain area of ground, but also on 
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the extent of the reservoir as compared to tl gathering ground, | 
and on the flat or precipitous character of the basiu. The only 
sale mode, then, of proportioning the length of the escape will be | 
to ascertain with exactness what the discharge of the stream or | 
streams flowing out of the reservoir was during the greatest 
known flood, and then fixing upon an arbitrary depth for the 
vater to fi the weir, say 2 or 3 feet, to calculate what | 
length of oy il suffice for the dischars it cCess | 

ter In where large waste-weir a imodation is | 
tially necessary, Wil it is uly a ive every | 
1 of Water that is possi 4 com practice to f ] 
porary dam of ea it tu} t waste | 
“ : this serv to } 1 some o ¢ ! ( rover t 4 
W irface of the ré voir, and d not imperil the security | 
of the work in t of heavy floods the water rises and 
overtops t t y dam, ) n the 
wl Is ¢ led away, and t Wa t reservoil quickly 
. ) 3 
Ir ‘ med for th ipply of t is, it is sometimes 
ce ry to make provision to arrest t eutrance of tloou- 
water Into reservoir, 4S the stream co $s down charged with 
quantities of imatter in suspension t ure the 
purity of the water for domestic consumption. These streams 
may be diverted and carried round the margin of the tank past 
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design, for the purpose of separating the flood-waters from the 
ordinary flow. Fig. 12 is a transverse section through one of 
these, showing the way in which the weir acts when the stream 
is at flood. ‘The dimensions are adjusted from observations of 
each particular stream, so that the discharge up to a certain 
amount will take place into the channel for the supply of the 
town; but when the discharge increases, and the water becomes 
turbid, it has sufficient velocity to carry it over the opening, as 
shown in the diagram, and flows down to the compensution re- 
servoir for the supply of mill power. 

In determining the dimensions of a weir of this kind, it is 
first to be ascertained what the mean velocity of the water 
flowing over will be for a given depth of water, h, above the crest. 
The mean velocity, v, will be 


bo 


‘ . eno — _ fox 
v= x 8.024,/ h =9.00 Vh. 


If the vertical height of the crest of the wear above the point to 
be overleaped by the cascade be called a, the distance across 
will be: 





Before concluding, it will be well to give a brief consideration 
to the causes tending to the failure of embankments. The fore- 
going remarks will, in suggesting the best mode of construction, 
hi auticipated much that might be said on the subject of 
failures; but there are a few points worthy of recapitulation, 
that the importance of the subject demands. 

There are unfortunately on record accidents, if they can be so 
called, from the bursting of embankments, that, if estunated by 
the loss of life attending them, are as appalling as anything 
within the memory of man. Thousands of human lives have 
been sacrificed to,ignorance and false economy, as well as in 
some instances to natural defects that it would have been diffi- 
cult to foresee. 

The existence of springs on the site of ‘an embankment is an 
undoubted cause for apprehension, and considerable care should 
be taken to carry all water from this source away, that it may 
not, us it certainly will if not checked, force its way between the 
surface of the ground and the seat of the embankments In doing 
so there is every probability that the earth of the embaitkment 
will be washed out by constant trickling till a fissure is formed 
of sufficient dimensions to render the destruction of the bank a 
certainty, if the water from the reservoir should ever penetrate 
so far. “As a provision against this source of injury, all springs 
found on the site of an embankment should be taken up and 
carried away in proper drains sufficiently and securely puddled. 
Thus the water is confined to a single channel, and has no ten- 
dency to soak into the earthwork and blow it up in endeavour- 
ing to escape. In embankments of all kinds the presence of 
water is a most serious evil, and one by which may be accounted 
for some of the most extensive landslips that are on record. It is 
erroneous to assume that when water is the active element in 
producing disruption in an embankment or mass of earth of any 
kind, that it only acts as a lubricant between the surfaces in 
contact. The truth is, the bulk of earth is sensibly affected by 
the amount of moisture in it, as is seen in the subsidence of 
newly formed railway banks when exposed to rain. If, then, a 
suflicieat quantity of water find its way into the centre of a 
bank that has been put together in a comparatively dry state, it 
will rise and soak into the earth until at length what was a solid 
mass becomes semi-fluid, settles into a smaller space than it be- 
fore occupied, and, as a consequence, will leave a vacuity above 
it. The inevitable result is the subsidence after superincumbent 
earth; but instead of resting, as at first, on a resisting material, 
it floats, so to speak, on the semi-fluid mass underneath, and 
having little or no friction to overcome, slips away to a lower 
angle than it before stood at. Natural springs, therefore, when- 
ever they occur, must be dealt with carefully and completely. 
Exactly similar effects to those produced by natural springs may 
result from the defective practice of carrying outlet pipes through 
or immediately under embankments. Be the pipes ever so well 
puddled, there will be a tendency to trickling along the line of 
their direction, and assuredly if this trickle makes its way to the 
centre of the bank it will carry mischief with it. It is true that 
springs are occasionally found issuing from the foot of an em- 
bankment, without after several years causing any appearances 
to justify apprehension. The Doe-park reservoir is an example 
in point, and though at one time fears for its safety were enter- 
tained, the embankment is still standing, and, so far as the 
author is aware, the spring is still trickling away. An engineer 
of eminence was called upon to report upon the state of the 
works, and gave his opinion, that as the spring came away witk- 
out any earth in suspension, there was no mischief taking place, 
and that the work was in a safe condition. ‘There is no doubt 
that embankments in this condition require to be narrowly 
watch ilthough the presumption may be that, having lasted 
for several years, they will continue in safety. vt 

The empirical and unscientific mode of proportioning the 
length of waste weirs has proved before now a source of danger 
and destruction to embankments, from the space ufforded not 
being sufticient to discharge the excess water without the surface 
rising to such a height as to top the embankment. To avoid 
risk, the stream must be gauged with great care, and the dis- 
charge calculated for the greatest known flood ; and if with "8 
: head the length of the weir be adjusted to discharge this 


amount, or a little in there will be no risk to the 











excess, 


embankment. 
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Regarding finally the whole subject, the danger that _ 
tific construction, the large outty 
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result from careless or unscien 
ishmeut of storage works, and the 
that may accrue from them whatever their purpose may be, :~ 
subject cannot be undertaken on merely rational grounds. Va 
successful application will rest alone on the study of the ques 
details, and an ample practical experience. 
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LOCOMOTIVE ENGINE FOR THE NORWEGIAN RAILWAYS, 3 Fr. 6 In. GAUGE. 


CONSTRUCTED FROM THE DESIGNS OF MR. CARL PIHL, BY MESSRS. BEYER, PEACOCK AND CO., ENGINEERS. 
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Tue railway system of Norway at present includes two com- 
lete lines, one, twenty-four miles in length, extending from 
brandsett to Hamar, and the other, which is thirty miles long, 
reaching from Trondhjem to Storen. These lines have been con- 
structed, under the direction of M. Carl Pihl, the state engineer, 
with a 3 ft, 6 in, gauge, aud the same gauge is being adopted for 
other lines now in progress. As in the case of the Queensland 
railways, which are made to a similar gauge, rolling stock of a 
light character and special construction is required for working 
these lines, and we give above a perspective view of one of a‘class 
of tank engines made for use on the Norwegian railways, by 
Messrs. Beyer, Peacock and Co., of Manchester. This engine has 
outside cylinders, 11in. in diameter with 18 in. stroke, and two 
pairs of coupled wheels 3 ft. 9 in. in diameter. The leading end 
is carried upon a two-wheeled Bissell’s truck, the leading wheels, 
which are 2 ft. in diameter, being situated immediately beneath 
the cylinders. The distance between the centres of the leading 
and driving wheels is 8 ft., and that between the centres of the 
coupled wheels 6 ft. 3 in., making the total wheel base 14 ft. 3 in. 
he barrel of the boiler is 8 ft. long by 2 ft. 11 in. in diameter, 
and contains 107 brass tubes, 14 in. in diameter, giving a heat- 
ing surface of 376 square feet. The firebox is 3 ft. 8 in. long 
by 2 ft. Zin. wide by 3 ft. 8 in. high, and has a heating surface 
of 40 square feet, making the total heating surface 416 square 
feet. The feed-water is carried in a pair of side tanks contuining, 
collectively, 300 gallons; and the coal bunker, which has a 
capacity of 23 cubic feet, is placed across the trailing end of 
the footplate. ‘I'he total weight of the engine, in working order, 
is 16 tons 19 cwt., of which weight 4 tons 2 cwt. rest upon the 
leading wh els, 6 tons 12 cwt. on the driving wheels, and 6 tons 
5 ewt. on the hind wheels. The springs belonging to the coupled 
wheels are placed beneath the axles, and are connected by com- 
pensating levers. From a recent report made by the engineer 
of the Norwegian lines, M. Carl Pihl, it appears that these 
engines have a very easy and steady motion, both on the sharp 
curves, with which the lines abound, as well as on the straight 
Portions, and it is found that the Bissell truck answers its pur- 
pose perfectly. 








Krvrr’s Guns.—It is reported that Krupp has received an 
order for one hundred large guns from the Russian Government. 
Each gun is to cost 2800/., the whole being 280,0002 The 

hum Company, a great concern in the neighbourhood of 


— works, have an order for ninety-six guns from the Bava- 
nian Government. 


Raitways 1x SwitzeRLAND.—Fifteen companies share the 
Swiss network of lines, and the total distance conceded is 9933 
miles, while the total distance in operation is 8193 miles. The 
Most important lines are the Swiss Union, the Central, the 
North-East, and the Western. In 1864, the North-Eastern 
= 7 per cent. and the Central 6 per cent. interest and divi- 

end combined. The lines which enjoy the most prosperity are 
those of eastern Switzerland, which comprises the industrial 
cantons. In order to facilitate the construction of railways in 
Switzerland, the cantonal authorities have accorded them an en- 
tire exemption from taxation; and the Confederation, on its 
part, admits free of duty the materials intended to be devoted 
to their construction. ‘The new lines with which public atten- 
tion is now occupied in Switzerland are that of the canton of 
Argovie, that of Orun (Fribourg, Lausanne, and Berne), that of 
ougne, in the canton de Vand, and finally the Jurassian lines, 
Which the canton of Berne is earnestly seeking. The Swiss 
es, although still a little embarrassed by the considerable 
ces which their construction has involved, display every 

day a tendency to improve in their traffic receipts. 





THE MAGNETIC ANTI-INCRUSTATOR. 


In our number of the 23rd of November last, we published a 
letter from an American correspondent, Mr. J. C. Hoadley, de- 
scribing an instrument for effecting the removal of boiler scale, 
which had been applied with very successful results to four 
boilers at the works of the New Bedford Cordage Company, New 
Bedford, Massachusetts. This instramen-—the magnetic anti- 
incrustator, as it was named—was described by Mr. Hoadley as 
consisting “of seven small magnets made of steel wire, about 
“in, in diameter and 3} in, long, tapered to a point at one end, 
“and inserted radially at the other into a brass centre. This 
“ system of radiating magnetic points, spreading out in one 
“* plane to about 10 in. in diameter, is supported horizontally in 
“* the steam space a few inches below the roof of the boiler, near 
“one end, by a brass stud, from which it is insulated by the 








‘ intervention of a porcelain bushing and vulcanised india-rubber 
“washers. A ove wire, about No. 11, connects the system 
“ of magnets with the opposite end of the boiler. A current of 
‘* induced electricity is thas conducted from the magnets at one 
“ end of the boiler to the shell of the boiler at the other, and by 
‘* the shell itself back to complete the circuit.” 

The results of a few weeks’ ——— of the anti-incrustator 
were stated by Mr. Hoadley to be the complete detachment of 








the scale with which the boilers were coated, and we have now be- 
fore us some samples of the scale so detached, which are extremely 
hard, and which, from their appearance, we should think, must 
originally have adhered very closely to the plates. These re- 
sults, and some others mentioned by Mr. Hoadley, have induced 
Mr. George Livesey, of the South Metropolitan Gasworks, to 
apply an “ anti-incrustator” to one of the boilers at those 
works, and we have been favoured by him with a tracing of the 
instrument, from which the accompanying engravings have 
a In these engravings, Fig. 1 is a vertical section, and 

ig. 2a plan, A being the es stud; B B, india-rubber 
washers; C C, themagnets; D, the gun-metal centre into which 
the magnets are screwed; E, a porcelain insulating bush; F, the 
boiler shell plate ; and G, the ~ wire connecting the magnets 
with the opposite end of the boiler. 

The instrument was made from the description given by Mr. 
Hoadley in his letter, and was constructed for Mr. Livesey b 
Mr. E. R. Watts, of 243, Old Kent-road. The boiler to whic 
it has been applied is a single-flued Cornish boiler, 20 ft. long by 
5 ft. 6 in. in diameter, and the apparatus was fixed on Saturday 
last, and was set to work early this week. Previous to the 
application of the “ anti-incrustator,” the boiler had been at work 
six weeks, and had become coated with scale about ,', in. thick. 
It is the intention of Mr. Livesey to work the boiler for a month, 
and then to examine the condition of the scale ; and he has kindly 
promised to inform us of the results, which we shall thus be 
enabled to lay before our readers. 


ROWAN AND MORTON’S APPARATUS FOR 
ASCERTAINING LONGITUDE. 
To THe Epiror oF ENGINEERING. 
Str,—Like most others who have had any experience in the 
practical determination of longitude, my warmest interest is 
iven to any proposed new method of solving the longitude - 
Gm. The apparatus described in your last issue, I think, does 
no more than solve a spherical triangle, precisely the same 
elements (Greenwich time included) being required by it to find 
the longitude by inspection as are used in determining longitude 
by calculation. The finding longitude by chronometer is merely 
working out a triangle whose sides are the co-latitude of the 
lace of observation, the co-altitude (or zenith distance) of the 
Body observed, and the polar distance of the body. A tolerable 
computer will run out his longitude by this method in ten 
minutes (taking logs to nearest minute), and even less. The 
apparatus requires the same three arcs (alt., lut., p dist.), 80 
that the sole gain derived from its use would be the difference 
in time between ten minutes and the time required to get at 
the polar angle by means of the apparatus. Would this gain be 
material? ‘The lunar method is of course independent of chro- 
nometer ot Greenwich time, but the result (at sea) cannot be 
depended upon as being nearer than five miles of the truth, 
though so often is it thought to give position equal in accuracy 
to longitude by chronometer. I am, Sir, yours, &c., 
Jno. Bowina. 
6, Bowater-crescent, Woolwich, Dec. 15, 1866. 














Coat AND Iron 1n Prussta.—The quantity of coal ex- 
tracted from the Prussian soil in 1865 was 18,591,150 tons, of 
the value of 4,954,982, The quantity of iron made in Prussia 
in 1865 was 404,295 tons, of the value of 4,004,017/. Steel 
was also made to the extent of 29,864 tons, and the value of 
429,543. The production of coal in the Rubr basin in 1865 
was 9,165,675 tons; in 1860, the corresponding total was 
only 4,276,254 tons, ‘The production of the Rubr workings in 
1866 promises to present a considerable increase upon 1865. 
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In the Exhibition of 1862 there was exhibited a 
wagon which had been made at Mr. Ashbury’s works 
in one single day, commencing with the pig iron and 
logs of timber. This was an extraordinary feat, and, 
indeed, an ingenious way of showing, in the most strik- 
ing manner possible, the enormous power of production | 
caeniabel in these works, a production amounting 
to upwards of 3000 carriages and wagons per annum. | 
The manufacture begins with the pig iron in reality, | 
but the iron puddled and rolled in the works is far | 
from sufficient for supplying the whole demand of the | 
establishment. The pig iron is selected with great | 
care, and a large quantity of Swedish charcoal iron is | 
used for mixing with the English marks. A finery pre- | 
pares the iron for the ordinary puddling furnaces, | 
and these make the iron for two rolling mills for bar iron | 
of different sections, and particularly for tyres which } 
are subsequently bent to a*circle in a horizontal tyre- | 
bending machisie, and then welded together and rolled 
to size. Some of the puddling furnaces have vertical 
boilers surrounding the chimney for utilising waste | 
heat, an arrangement which requires much attention to | 
ensure the safety of the boiler, but otherwise is very | 
convenient and economical. About 200 smiths’ fires | 
are in operation for making different parts of the 
wagons or carriages. ‘They are supplied with blast by | 
one of Schiele’s silent fans. The forge for making 
solid wrought-iron wheels is fitted with steam ham- 
mers by Mr. Nasmyth, and also with several friction 
hammers, of very convenient arrangement, designed by | 
the engineers of the works. The hammer-head of 
these hammers is made solid with a long flat bar, 
against which two friction pulleys are pressed, these 
raising the hammer by their rotation. For dropping | 
the hammer, the attendant removes the pressure from | 
the pulleys, and the bar is thereby allowed to drop. | 
For long strokes and comparatively small weight of | 
the hammer-head, the friction hammer is a cheaper | 
tool than a steam hammer of equal power. The 
framing of these hammers at the Ashbury works is | 
so arranged as to give a very large clear space all 
round the anvil, and this is a great desideratum in | 
forging wheels. The manufacture of solid wrought- | 
iron = dong of wheels with segments welded up in the 
centre, or cast round at the centre with a boss, is not 
materially different from the methods already described 
in Eneinerrine. ‘Ihe foundry is a newly erected 
building, divided by two rows of columns into three 
spans. The central span is traversed by a travelling 
crane. Some special machines for moulding axle-boxes, 
of which the Ashbury Company are the patentees, are 
at work in the foundry. Bach machine consists of a 
table to which the mould is fixed, and through which 
the cast-iron pattern can be passed. The pattern is 
held in its proper position during the operation of 
ramming the sand into the mould, and is afterwards 
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withdrawn by a screw worked by hand. ‘The whole 
table is mounted upon trunnions, so that it can be re- 
versed for taking off the finished moulds, which are 
earried forward upon a pair of rails attached to the | 
machine. A second machine forms the counterpart of 
the mould. One boy works each moulding-machine, 
and is capable of making about 200 moulds a day. 
The turning shop is driven by several high-pressure 
engines, each mounted in a peculiar manner between 
a pair of cast-iron columns, which serve the double 
purpose of an engine frame and a support for the roof 
of the building, The engines are so placed that they 
each work one line of shafting, and as far as_ possible 
the use of gearing is avoided. ‘The self-acting tools 
are, without exception, of a very heavy character, 
capable of taking heavy broad cuts and finishing a 
reat quantity of work in the shortest possible time. 
The principal types of machines, of course, are the 
double-wheel lathe and the boring-machine. The 
wood-working machinery consists of the timber frame 
and circular saw frames for cutting timber, and of a 
very fine and complete set of wood-working machinery 
made by Messrs. Greenwood and Batley, of Leeds. 
There is also a planing-machine by Messrs. Worssam 
and Co., of London, and : mortising machine designed 
at the Ashbury works for their own use. By com- 
paring the plant of woed-working machinery with 
the number of tools and the space devoted to the iron- 
work, the large productive power of the former class 
of machinery is rendered most strikingly percep- 
tible. With the exception of one wood - planing 
machine, there 1s no duplicate machine of any kind 
in the whole plant of machinery for finishing 
the entire woodwork of the 3000 carriages and wagons 
annually: turned out, and yet there is searcely anytuing 
left to hand labour, as far as cutting and preparing the 
wood is concerned, all parts being fitted together in 


various shops for erecting, painting, fitting up, and 
finishing carriages and wagons are not remarkable for 
anything but heir number and extent. The absence 
of all mechanical means of locomotion in all these 
workshops is explained by the transportability and 
comparatively small weight of the work produced. To 
some extent the general arrangement of the place bears 


| the marks of a slowly grown establishment, laid out on 


a small scale originally, and increased step by step 
until it reached its present size. The new buildings, 
however, sostiaaiodle the foundry and turning-shop, 
are laid out to suit the present and perhaps also the 
future requirements of the place for some time to come. 
The Ashbury Company employ about 2000 workmen. 
The work, as far as possible, is given out to the fore- 
men by contract or piecework, which is a well-known 
source of economy in every manufacture. 


INEXPLOSIVE GUNPOWDER. 

Tue above somewhat paradoxical title is the name 
which has been chosen for a new kind of gunpowder 
possessing peculiar properties, which has recently been 
the subject of numerous experiments in France.and 
Germany, and which is now being introduced into this 
country. This powder, which was invented by Herr 
G. A. Neumeyer, the manager of quarries at Taucha, 
near Leipzig, is composed of the same materials as 
ordinary powder, but, owing to peculiarities in pro- 
cesses of manufacture, it possesses the quality of being 
inexplosive whilst it is in free communication with the 
air, although, if ignited, it will burn freely. When 
confined, however, as it is ina gun or mine, its ex- 
plosive force appears to be quite equal to that of 
ordinary powder. The full details of the manufacture, 
as it is now actually carried on, have, we believe, not 
yet been made public ; but Dr. August Klein, in whose 
name the English patent for this powder was taken 
out, speaks of the process in his specification as fol- 
lows: In order to make the powder, “ about 75 parts 
“ by weight of saltpetre are mixed with about 18.75 
“arts by weight of charcoal, and about. 6.25 parts 

by weight of flowers of sulphur, to form 100 parts 
“of gunpowder. ‘The charcoal is by preference 
“prepared in the following manner: Pieces of 
7 a. ea are first ignited, and are then immediately 
* placed in a receptacle, which is closed hermetically. 
“ The charcoal thus obtained is then soaked in soda- 
“lye, and is dried upon canvas strainers ; it is then 
“reduced to a powder, and is mixed or incorporated 
“in a moist state with the other ingredients in about 
“the proportions above mentioned. The mass thus 
* produced may then be treated in any known manner 
“for converting it into a granular, pulverulent, or 
* solid form.” 

The appearance of Herr Neumeyer’s powder is 
similar to that of ordinary gunpowder before it is 
glazed, the glazing process being omitted by Herr Neu- 
meyer, as it is found that it deteriorates the powder 
and increases the tendency to absorb moisture from 
the atmosphere. In the course of some experiments 
carried on in France to test this power of absorbing 
moisture, it was found that by ten days’ exposure 
300 grammes, or 10$ 0z., of ordinary French powder 
increased in weight 2.7 grammes, or 41 grains. The 
same quantity of Neumeyer’s powder when glazed, 
similarly exposed, increased in weight 3.1 grammes, or 
47 grains, by absorption; but the weight of the same 
quantity of Neumeyer’s powder when unglazed was 
augmented only 2 grammes, or 31 grains, under 
similar circumstances. The specific gravity of Neu- 
meyer’s powder is slightly less than that of the 
ordinary kind, the relative weights of equal bulks of 
the two powders being as 31 to 37; and when burnt it 
leaves less residuum. 

The experiments conducted in Germany and France 
to ascertain the explosive force of Neumeyer’s powder, 
as compared with that of the ordinary kind, when used 
in the Prussian needle-gun and French infantry guns, 
give the following results, as measured by the ballistic 
pendulum: In one case 4.96 grammes, or 76 grains, of 
Neumeyer’s powder gave a velocity of 463.7 metres, 
or 1520 ft. per second, whilst 5.16 grammes, or 79 
grains, of the ordinary powder gave a velocity of but 
158.9 metres, or 1504 ft. per second. In another case 
equal quantities of 7 grammes, or 107 grains, of both the 
ordinary and “ inexplosive” powder were tried, when 
the former gave a velocity of 414 metres, or 1358 ft., 
and the latter a velocity of 445 metres, or 1460 ft., per 
second. These results were decidedly in favour of 
Neumeyer’s powder; but we shall say nothing further 
respecting them at present, as we believe that the 
French Government report on the subject will shortly 
be published, when we shall of course be placed in pos- 
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the same state in which they leave the machines. The 


session of further details, which will enable a better 


comparison to be made. To the Continental experi- 
ments on the applionbility of the powder for blasting 
operations it will be unnecessary for us ‘to here refer in 
detail, but. we may remark that they appear to have 
shown most satisfactory results. 

The first experiments made with the powder in this 
country, where the ageney for its supply oe been taken 
by Mr. E. H. Newby, of King William-street, were 
conducted at the Bardon-hill and Markfield Quarries, 
near Leicester, on the Sth instant ; permission to make 
the trials, which were.conducted by Herr Neumeyer, 
having been given by the proprietors of the quarries, 
Messrs. Ellis and pba At the Bardon Quarry 
three holes had been, bored, and one of these was 
charged with the ordimary gunpowder, and the other 
two with equal charges of that of Herr Neumeyer. 
When the charges were fired;it.was found that the 
ordinary powder had, probably from some moisture in 
the hole, had but comparatively little effect, whilst 
Herr Neumeyer’s powder had in each case thrown 
down large quantities of stone. The results obtained 
at the Marktield Quarry, where four holes were charged 
and fired, were also thoroughly satisfactory ; and last 
week another.,sucgessful series of experiments was 
carried out.at.the slate quarries at Festiniog, Carnar- 
vonshire. 

The most important quality of the new powder is of 
course its inexplosibility when in communication with 
the atmosphere, and this. qualification was very clearly 
shown in the course of semeexperiments conducted by 
Herr Neumeyer-on the ericket-ground at the Crystal 
Palace on Saturday last. In the course of the experi- 
ments,.which were carried out in the most unfavour- 
able weather, Herr Neumeyer filled. a number of 
earthen vessels with his blasting powder, and ignited 
the latter, when it was shown that the powder, instead 
of exploding and shattering. the vessels, as ordinary 
powder would have done, merely burnt away, emitting 
a strong flame. A gun-barrel was also completely filled 
with the powder, and the latter ignited, with similar 
results, whilst, to show that the powder did actually 
possess explosive qualities when confined in a gun, the 
rifles of the adjoining rifle-range were repeated! 
charged with it, and experimental shots made with it 
by numbers of the gentlemen present. A small mine 
charged with the powder was also. exploded. ‘The 
slowness of combustion of the powder when in contact 
with the air was also shown . laying a. train of it, 
about 2 ft. 6 in. long, on a plank, and firing it at one 
end; and, notwithstanding the shortness of train, it 
was shown to be possible to remove the one half of it 
before the flame fad reached the centre. The most 
striking experiment of the day, however, was conducted 
as follows: A small brick building, about 5 ft. square, 
had been erected on the ground, and roofed with slates, 
and in this were placed two kegs containing together 
35 lb. of Herr Neumeyer’s blasting powder. Each 
keg had a hole about 5 in. in diameter cut in its upper 
eud, so that the powder contained in it was exposed to 
the air ; and upon the powder being ignited, it merely 
burnt away, without injuring the building beyond 
slightly charring some of the woodwork. Subse uently 
the building was destroyed .by the explosion within it 
of 3 lb. of ordinary powder, and the experiment showed 
very aps the comparative safety with which 
the new material could be stored in magazines. 

_ Another advantage attending the inexplosive qua- 
lity of Neumeyer’s powder when exposed to the air 
was also proved by an experiment conducted in Paris, 
on the Place du Roi de Rome, in September last. In this 
case two mines were charged, the one with 600 grammes, 
or 21 0z., of ordinary gunpowder, and the other with 
the same quantity of Neumeyer’s powder, and the 
holes of both mines were left unclosed. On the charges 
being fired the ordinary powder exploded, but the new 
powder burnt away without explosion, showing that if 
it had become accidentally ignited during the charging 
of the mine no accident would have ensued. When 
prepared for military purposes, Neumeyer’s powder 
ignites at a temperature of from 500° to 572° Fahr., 
whilst the blasting powder requires a higher tempera- 
ture, or about 752° Fahr., for ignition. It cannot be 
ignited by hammering, and when placed in a mine the 
igniting string should be sunk in it about three-fourths 
the depth of the charge, so that an intense flame may 
be brought to bear.on it. The new powder is not 
permanently damaged by moisture, as it is not dete- 
riorated by being wet and then redried. The compa- 
rative safety with which Herr Neumeyer’s powder can 
be manufactured and stored are very great points in 
its favour, and if, as there seems every reason to expect, 
the results of exact experiments upon the amount of 
explosive power developed by it under various circum- 
stances should prove satisfactory, there will, no doubt, 





be a large demand for it, 
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BELFAST DOCKS. 


Bexrast is the commercial capital of [reland. Its 
trade has rapidly advanced in national importance, 
notwithstanding the drawbacks of religious rancour 
and political hate; and it must be allowed that Belfast 
has had its full share of these. Its population is about 
130,000, of which a very large proportion is engaged 
in the various mills and linen-factories which have 
sprung up in vast numbers both in the town and 
suburbs. Situate about twelve miles from the sea, 
and at the mouth of the river Lagan, which bounds it 
on the north-east, and separates the counties of Down 
and Antrim, Belfast possesses every advantage for 
becoming a great manufacturing town; and if the 
upper — of the channel were thoroughly dredged, 
it would have every facility for the accommodation of 
a large shipping trade. Few es have such ample 
space for docks as Belfast, and the Harbour Commis- 
sioners will, no doubt, see that it is turned to pro- 
fitable account. The improvements of the port carried 
out by the Harbour Commissioners are very extensive, 
and, exclusive of the dock works now to be described. 
have cost upwards of half a million sterling. The coal 
trade is accommodated with berthage at the Queen’s 
Quay, opposite to Donegal Quay, which is entirely 
devoted to the steam trade, for which large landing- 
sheds have been provided at a great expense. Two 
other docks—the Prince’s and the Clarendon—are 
reserved for foreign shipping; but their water space 
is necessarily limited, and great demand has been 
made for new and more extensive floating and graving 
docks, especially the latter, as there are only two 
graving docks belonging to the port, one 300i{t. and 
the other 250 ft. in length; one patent slip, worked by 
steam power, for the purpose of raising vessels inca- 
pable, by their dimensions, of entering the present 

ving docks for repairs; anid one smaller slip, used 
s private firm for small vessels when both dry 
docks are occupied. The new works, both on the 
county Down and county Antrim sides, are ona scale 
of great magnitude for Belfast; though, of course, 
they do not bear any comparison with the great dock 
works in London, Liverpool, and Birkenhead. The works 
on the county Down side consist of a large open tidal 
basin and capacious graving dock, which will be open 
for use in about a month, the difficulty of obtaining a 
supply of suitable granite for the caisson groins at the 
entrance-sill of the dock having greatly delayed its 
completion. A large amount of tonnage is awaiting 
repairs, and which will have to be sent either to Liver- 
pool or to the Clyde, in consequence of the delay in 
opening this dock. The works on the county Antrim 
side, which will not be fully completed for two years, 
at least, consist of a floating dock, 630 ft. long by 
225 ft. wide, and a tidal dock 600 ft. long by 550 ft. 
wide. The entrance to the former is 60 ft. in width, 
and is provided with a pair of gates, for the purpose 
of retaining in the dock a sufficient quantity of the 
tidal water to enable vessels to load or discharge at all 
times of the tide. The entrance to the tidal dock is 
80 ft. in width. The south wall of the tidal basin 
extends for 700 ft. before it joins the east wall, which 
turns for an equal distance from thence to the en- 
trance of the graving dock. ‘This basin will have a 
very large water area, and it is intended chiefly for 
the extensive coal trade of the port, The entrance to 
the graving dock is 60 ft. wide; and, as indicated 
above, it will be fitted with a caisson instead of gates. 
The dock is 450 ft. long by 90 ft. wide at the coping, 
declining by an easy ascent to 50ft. at the bottom. 
The walls of the dock are of solid blocks of granite, of 
massive and most symmetrical masonry. The dock 
will admit a vessel drawing 16 ft. of water, which is 
amply sufficient for most sailing ships. The walls 
of the basin, we may observe, are of the best —- 
tion of rubble, which forms a pleasing contrast to t 
solid masonry of the dock. ‘The cost of the entire 
works will le upwards of 150,000/., and they are 
being carried out under the immediate superiatendence 
of Mr. Lizars, the resident engineer to the commis- 
sioners. 








SUGAR MANUFACTURE. 


THERE is a vast deal of interest attached to every 
improvement in the manufacture of sugar. The great 
extent and value of sugar-plantations, the large amounts 
of capital employed in the sugar trade, the important 
changes which every alteration of our present system 
of working is likely to produce upon the population of 
whole districts, are in themselves sufficient grounds 
for causing such an effect. On the other hand, there 
is the acknowledged rudeness and imperfection of our 
present mode of extracting sugar from the plants— 
wasting, as one of our correspondents justly observes, 





fully as much as it yields—which affords a wide and 
promising field for improvements, and holding out 
great hopes of the advantages to be derived from new 
inventions. 

A few weeks ago (vide page 337 of the present 
volume) we described the diffusion process of M. 
Robert, which seems to be one of the most promising 
amongst medern inventions in this line, and which con- 
sequently has elicited a great number of inquiries both 
public and private. The process itself is so very 
simple that it is hardly possible to give many details 
of working, beyond the mere general principles upon 
which it is based. Even a visit to Selowitz or to any 
other beetroot sugar factory on the Continent, work- 
ing by diffusion, will hardly result in any other impres- 
sion except that of the extreme simplicity of apparatus, 
plant, method of working, and all coneerned. The 
principal thing required for information are figures or 
statistics of working. . With regard to these figures, 
we are in the dilemma that those referring to beetroot 
sugar, and collected now for a period of three years, 
have very little interest for the generality of our readers 
in England; and with regard to sugar-cane, the experi- 
ments hitherto made are not of a sufficiently extensive 
character to make it desirable for those who have con- 
ducted them to publish results. 

Some interesting data as regards quantities and 
temperatures are, however, to be found in the speci- 
fication of Mr. Minchin’s patent, No. 594, February 27, 
1866, for extracting juice from sugar-cane. The in- 
ventor particularly points out the difference which 
exists between his process and that of so-called macera- 
tion which has been proposed and unsuccessfully tried 
before. Hot maceration extracts the juice from the 
cells of the plant by destroying their structure, while 
diffusion obtains the saccharine matter out of the 
closed cells. The practical difference is this: the cells, 
when opened, will give off their liquid contents, con- 
sisting not only of sugar, but also of a great number 
of other organic substances, which form the impurities 
of what is known as the first produce or raw extract 
from sugar-plants, while the closed cell will retain the 
greater part of those impurities, and will only allow 
the sugar to pass out in solution, thereby giving a 
comparatively refined article as the very first product 
of extraction. The temperature at which diffusion 
takes place to the greatest advantage has been found by 
experience to be from 35° to 40° Réaumur, or from about 
110° to 122° Fahrenheit; the time for cach operation 


_is half an hour, and the extraction takes place under 


pressure obtained from a head of water maintained in 
an elevated reservoir. This hydrostatic pressure not 
only assists in diffusion, but is also made use of to 
effect, the circulation of liquids of different degrees of 
saturation from one vessel to another. The liquid 
mass is re-heated each time to the proper degree before 
passing over another quantity of plants, and when 
sufficiently concentrated it is treated the same as other 
juice obtained from sugar-cane or beetroot. The 
experiments made at Aska are as decisive and success- 
ful as trials of that kind can be under similar cireum- 
stances. We have seen sugar made from cane by 
diffusion, and the material produced from the same 
plant by the usual process. ‘The difference as to 
quality is most striking and conclusive, and the quan- 
tities obtained, weight for weight, by the two processes 
are equally in favour of diffusion. The most impor- 
tant advantage, however, which diffusion offers is sim- 
plicity of the apparatus for extraction, and the total 
absence of all that cumbersome and most expensive 
machinery which forms the present plant of a sugar- 
factory. The only machinery required for diffusion is 
a set of cane-cutting machines, such as recently 
patented by Mr. Minchin, a number of which can be 
supplied at a price scarcely exceeding the value of the 
foundation plate for a sugar-mill capable of working up 
the same quantity of cane. The value of simplicity of 
_ in a sugar-growing country cannot be overrated. 

f Robert’s process had no other advantages to offer 
but the suppression of sugar-mills, it would make its 
way ; so much more probably will that be the case with 
the improved quality and increased quantity of sugar 
obtained by it from the cane. 








CHEAP RAILS. 

Tue ironworks. situated in the vicinity of the new 
Saar Canal in Prussia are in a particularly favourable 
position to compete in the manufacture of cheap rails 
with the establishments of this country. There are 
at present about twenty furnaces in blast in the Saar 
district, but they are not all equally well situated with 
regard to the supply of ore by the canal. ‘aking the 
example of the Burbacher Hiitte as one of the best, 
we commence with the supply of coal from the Govern- 
ment mines of the neighbourhood. The works send 





their own wagons to the pit’s mouth by a railway 
branching off from the main line and. leading into the 
store-yard of the works. The distance to the coal-pit 
is about five English miles, and the price of coal de- 
livered in the yard is 12s. per ton. is coal requires 
washing before being coked, and it loses 12 per cent. 
in that operation. Tt is coked in ovens which allow 
the waste gases to escape. The produce of coke is 
63 per cent. The quantity of coke required for smelt- 
ing one ton of iron is 26 cwt., but this amount may — 
be reduced in future by improvements which in other * 
districts have brought the consumption of coke in 
blast furnaces much below that figure. . Taking the 
whole consumption of coal, it averages 2 tons of raw 
coal per ton of iron, which represents a price of 30s. 
for fuel consumed in making white forge pigs. The 
ore at present brought to the spot by railway costs 30s. 
per ton of iron made, there being three tons of ore in 
the mixture, as required for smelting, per ton of iron 
produced. The value of the materials passed through 
the furnace..is therefore 3/. per ton of iron. The 
same ore, if}. brought in barges to the foot of the 
furnace and hoisted to the platform, will cost about 5s. 
per ton of iron, and in that case the value of materials 
will be reduced to 35s. per ton. The labour and 
general expenses for coal-washing, coking, and smelt- 
ing are estimated at about 18s., which, added to the 
rice of raw materials, gives the prime cost of white 
orge pigs at 2/. 3s. per ton. In the manufacture of 
rails of common’ qu ity, the iron, when puddled and 
hammered into a bloom, is immediately reheated and 
rolled into a rail atone heat. The iron comes to 
nature very rapidly, allowing 10 ch of 4 owt. 
each to be made per, day... In puddling it wastes 124 
per cent., and ‘in the reheating furnace another loss of 
10 to 12 per cent. is sustained. In rolling rails an al- 
lowance of 14 per cent. for ends to be cut off is made, so 
that the total quantity of pig iron required for one ton of 
rails is 1 ton 8 ewt., and represents 3/. 1s. The coal 
for puddling nd rolling one ton of rails is about 24 
tons, value'3Qs., and the wages paid for puddling and 
rolling amount to about 14s., leaying a margin of 5s. 
besides the value of the crop ends for general expenses 
and repairs. ‘It may be said; for the consolation of 
those who are likely, sooner or later, to come into col- 
lision with these low-priced rails from Germany, that 
their quality is very inferior, owing to a considerable 
amount of phosphorus contained in the ore; but the 
appearance of the article when new is very good, as it 
passes the rolls with great ease, and moulds itself to 
any required stage when heated; preserving a fine 
uniform surface without cracks or inequalities. It is 
perfectly possible for these rails to reach the English 
market at about 5/. 10s. per ton, or, what is more 
serious still, to compete with our cheap rails in foreign 
markets. 








PUDDLING FURNACES AT ABERSYCHAN. 


WE give, on page 474, a number of views of one of the puddling 
furnaces in use at the establishment of the Ebbw Vale Company 
at Abersychan, near Pontypool, this furnace being similar to a 
number of others at the same works.) It is our intention next 
week to publish an account of the works at Abersychan, together 
with illustrations showing their arrangement, and we shall there- 
fore confine ourselves in the present notice to a description of the 
puddling furnace only. 

The bed of the furnace is 6 ft. 3 in. long by 4 ft. 6 in. wide at 
the broadest part, and the bottom is formed of cast-iron plates 
supported by cast-iron transverse bearers, as shown in the longi- 
tudinal section, Fig. 4. The roof of the furnace, the shape of 
which is shown in the same figure, is 2 ft. 44 in, high above the 
bed, and 12 in. above the firebridge, whilst the latter rises 23'in, 
above the grate. The fireplate is much smaller than would be 
used in Staffordshire for the same size bed, its dimensions being 
3 ft. 34 in, wide by 2 ft..11 in. long inside. ‘The doorway for the 
introduction of fuel is 10 in. square, and the fireplace is made 
with long openings at its front end, just above the grate, for the 
admission of air, 

At the throat of the furnace the roof comes down to within 
10 in. of the top of the flue bridge, and this latter is about 7} in. 
high above the bed. The side doorway of the furnace is 1 ft. 7 in. 
broad by 1 ft. 7 in. high, and the door is balanced by means of 
a loaded lever, supported by a neat arched bracket, as shown in 
Figs. 1 and 6. ‘The first part of the flue beyond the flue bridge, 
which is floored with cast-iron plates, is 2 ft. 7 in. high by 
1 ft. 3 in, wide, and a little further on the height is reduced to 
2 ft. 3 in., the width, however, continuing the same. Just, be- 
fore the flue bends down to join the underground flue leading to 
the chimney-stack, with which the furnaces are connected, a 
sliding damper is inserted, this damper, which moyes vertically, 
being balanced by means of chains passed over pulleys, and 
connected to counterweights, as shown in Figs. 1 and 8. . That 
portion of the furnace flue which leads down to the titider- 
ground is 19 in. square. 

The furnaces are placed side by side, in Tals, and they are 
supported by castings, arranged as shown in Figs. 3and4. As 
will be seen by our engravings, the whole design of the casing- 
plates and other details of the furnace is extremely neat and 
even ornamental in character, and it gives evidence that not only 
has the fitness of the furnace for its work been attended to, but 
considerable attention has been paid to its external appearance 
as well—a thing that rarely happens in this class of work, 
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TUNNELLING MACHINERY. 
MESSRS. D@RING AND SACH, PATENTEES. 
(For Description, see next Page.) 
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TUNNELLING MACHINERY. 

Amonest the various new classes of machine tools which 
have been brought into use within the last few years, that in- 
cluding machines for rock-boring, coal-cutting, and other kindred 
P occupies by no means an unimportant place. This 
class of machines is, in fact, one of which the successful prac- 
tical application presents peculiar difficulties, and, as a necessary 
consequence, many of the machines proposed have turned out 
entire failures. ‘This, however, has been by no means the case 
in all instances, and there are now many tunnelling and:coal- 
cutting machines at work which are giving most satisfactory 
results. Of machines of the first of the two classes just men- 
tioned, the one which has been most recently introduced in this 
country is that, invented and patented by Messrs. Dering and 
Sach, of which we give engravings on paye 475, the upper figure 
in these engravings being a perspective view of the machine as 
mounted on its stand for tunnelling purposes, whilst the remain- 
ing figures show various views of the boring machinery itself, 
the construction of which we shall now proceed to explain 

The machine is worked by compressed air, and, as will be 
seen by Figs. 1, 2, and 3, which are respectively a side elevation, 
longitudinal section, and plan of the boring machinery, the 
socket for the boring tool is formed in the end of a thick piston- 
rod, which is forged in one piece with a piston working ina 
gun-metal cylinder, this piston-rod passing through a bush 
screwed into what we shall call the front end of the cylinder, or 
that end which is nearest to the rock to be operated upon. From 
the opposite side of the piston another smaller rod passes 
through the back end of the cylinder, this rod being coupled to 
acrosshead, as shown in the plan. The smaller piston-rod passes 
through a bush, ‘T, at the back end of the cylinder, and it is fitted 
with a long key or feather sliding in a eorresponding keyway in 
the bush, so that any rotary motion given to the bush is imparted 
to the piston-rod also, and consequently to the boring tool. 

The main cylinder has brackets cast on it which slide on the 
bars C, and these bars are carried by a wrought-iron cradle which 
connects them to the frame or stand by which the whole machine 
is supported, as shown in the perspective view. One of the guide 
bars, C, is screwed, and is furnished with a long nut working 
between the two brackets of the cylinder, this nut having a bevel 
wheel formed on it, into which another bevel wheel, placed as 
shown, gears. The spindle upon which this last bevel wheel is 
placed is furnished with a crank handle, by means of which the 
machine can be adjusted by hand to the required position on the 
guide-bars, or be brought back to enable the drill to be changed, or 
a fresh hole to be commenced; the self-acting motion by means 
of which the machine is fed up to its work we shall describe 
presently. 

The crosshead, which we have mentioned as being attached to 
the back end of the piston-rod, has two holes formed in it, in which 
the curved ends of a pair of fingers, or levers, G, work. These 
fingers are fixed upon a rocking-shaft, I, which is supported by 
brackets from the cylinder valve cover, and is provided with three 
short levers, one fixed at its centre and one near eachend. The 
central lever acts upon a pair of adjustable tappets placed upon 
the spindle of the valve by which the distribution of the air is 
effected, this valve, which is shown in section in Fig. 2, being a 
slide-valve working between a face formed on the underside of 
the cylinder, and an adjustable plate placed behind it. The 
valve covers three ports, the two outside ones communicating 
with the ends of the cylinder, and the central one, which corre- 
sponds with the exhaust port of an ordinary steam cylinder, 
being in communication with the pipe by which the supply of 
compressed air is led to the machine. The action of the valve 
and gearing will be readily understood from the engraving, and 
it will be seen that, during the return stroke of the tool, the air 
acts only upon the anpular surface of the piston surrounding the 
thick piston-rod, and the amount of air expended is thus econo- 
mised, and a severe blow on the back end of the cylinder prevented. 
The piston itself is made of considerable depth, and it has a num- 
ber of grooves turned in its circumference, these grooves materially 
assisting in preventing the leakage of air past it. The gland at 
the front end of the cylinder, through which the piston-rod passes, 
has grooves turned in its internal surface fora similar reason. 

We must now describe the gearing by which the tool is 
rotated and fed up to its work. We have already mentioned 
that the rocking-shaft, I, carries two short levers near its 
extremities, and these levers impart a vertical motion to 
two pawls, V, which act upon the ratchet wheels, R and W, 
respectively. The first of the wheels, R, is fixed upon the bush, 
T, through which the back piston-rod slides, whilst the other 
wheel turns freely on that bush, but is connected with the spur- 
wheel, X, so that the latter turns with it. The ratchet wheels, 
R and W, are each provided with a second fixed pawl, as shown 
at the top in Fig. 4, these pawls preventing the wheels from 
running back after they have been turned by the moving pawls. 
From the above — it will be seen that the rotary 
motion given by one of the moving 7 to the wheel, R, will 
be transmitted to the boring tool, and the latter is thus made to 
perform a portion of a revolution between each stroke. On the 
other hand, the motion given to the ratchet wheel, W, is com- 
municated to the spur-wheel, X, and as this wheel gears into 
another spur-wheel, Y, fixed upon the nut working upon the 
screwed slide-rod, C, this nut is made to revolve intermittently, 
and thus impart an intermittent forward motion to the whole 
machine. It is, of course, necessary that this forward motion 
should be regulated according to the rate at which the tool is 
cutting, and this is effected in a very simple manner, by so 

yroportioning the ratchet gear that unless the piston makes a 
ull stroke the moving paw] does vot take hold of a fresh tooth. 

In another form of this boring-machine, with which Mr. 
Deering is now experimenting, the arrangement for working the 
slide valve and feed gears, &c., has been considerably modified 
and rendered more compact. In this new machine, which is 
shown in elevation and oun by Figs. 7 and 8, the back piston- 
rod and crosshead has been dispensed with, and the rocking- 
shaft, I, is worked from the front or main piston-rod, by means 
of the links, B’ and E, and the intermediate levers, C. The 
rotation of the boring-tool is effected by means of a rachet wheel 
at the back of the cylinder, this wheel being tixed upon a spindle 
which rotates ina bush at the end of the cylinder, and projects 
within the latter for nearly its wholelength. This inner portion 
of the spindle is provided with a square key or feather, and fits 





into a hollow formed to receive it in the main piston-rod, which 
thus slides over it. Under these circumstances, any rotary 
motion given to the spindle is of course imparted to the piston 
and boring- we 

The arrangement of the carriage by which the machine is 
supported is shown by the perspective view on. page 475. It 
consists of a strong and simple wrought-iron frame, carried upon 
four small wheels running on rails; and it is provided with a 
vertical pillar, upon which a compound socket slides. This 
column a number of grooves turned in it, these grooves 
forming a rack into which a pinion, fixed on a short shaft carried 
by the sliding socket, gears. Upon the same shaft as the pinion 
is fixed a worm wheel, and by means of a worm gearing into 
this wheel the vertical position of the sliding socket can be 
readily adjusted. The sliding socket is formed in one piece, 
with another socket in which an arm works horizontally, and it 
is to the end of this arm that the boring-machine is jointed. 
From this description it will be seen that the machine can be 
very readily set to work in any required direction, and this will 
be more evident when the small size of the machine is considered, 
our engravings, Figs. 1 to 8, being drawn to a scale of one-sixth, 
or 2 in. to 1 ft. 

The compressed air for working the machine is supplied, by 
any convenient arrangement of air-compressing machinery, at a 
pressure of from 20 1b. to 25 1b. per square inch, the air-com- 
pressing pumps delivering the air into a reservoir, from which it 
is led to the machines by a flexible pipe. The rate at which 
the tool is driven will, of course, vary according to the pressure 
of the‘air supplied ; but the general working speed is between 280 
and 350 strokes per minute. A jet of water is kept playing 
upon the tool during the time the boring is going on, this jet, 
which clears the hole of débris, being supplied in the following 
manner: At the back of the frame supporting the machine are 
placed side by side two cast-iron boxes or tanks, and above them 
a third open tank which is kept supplied with water. Each of 
the lower tanks communicates, by means of a cock placed near 
the bottom of it, with a pipe leading to the water jet, and also 
by means of another post placed near the top, with a branch 
pipe leading from the compressed-air supply pipe. Each lower 
tank f$ also furnished with two other cocks, one of them fixed 
near the top, opening to the atmosphere, and the other 
communicating with the upper tank. The mode of working 
this arrangement is as follows: Supposing the two lower tanks 
to be empty, and the upper one charged with water, all the 
cocks being closed, then the air-cocks and those forming a com- 
munication between the upper and lower tanks would be first 
opened and the lower tanks thus filled with water. The cocks 
just mentioned would then be closed, and those placing one of 
the lower tanks in communication with the compressed air and 
jet pipes opened, when the pressure of the air will force the 
water from the tank through the jet. When one of the lower 
tanks has been thus emptied, the cocks connecting it with the 
air and jet pipes are closed, and the corresponding cocks in the 
other tank opened; and the lower tanks are thus used alter- 
nately, one being filled whilst the other is supplying the jet. 

Although Messrs. Dering and Sach’s boring machinery has 
been but recently brought forward in this country, it has been 
for some time successfully in use on the Continent, both at the 
zinc mines of the Société de la Vieille Montagne at Moresnet, 
near Aix-la-Chapelle, and at some mines in Prussia. At Mores- 
net, a drift 6ft. square is being driven through dolomite, or 
mountain limestone, an exceedingly hard material, and the com- 
paw cost of working by machine and hand labour has been 

ound to be greatly in favour of the former. During the month 
of October last, 8 metres were driven by the aid of the machine, 
and the cost per metre was as follows: labour, 95 francs; re- 
pairing tools, 3fr. 37¢.; powder, 9fr. 18¢.; and repairs to 
machine, 12 fr. 75 c. ; making a total of 120 fr. 66 c. On the other 
hand, in a previous month, during which the labour had been 
performed by hand, an advance of only 3 metres was made, and 
the cost per metre forward was—labour, 175 fr.; repairing tools, 
8 fr. 68 c. ; and powder, 11 fr. 20 c. ; making a total of 194 fr. 88 c. 
per metre. From these data it will be seen that the saving 
effected by the use of the machine has been very great, particu- 
larly in the item of labour. The difference in the cost of repair- 
ing the tools is also very considerable, and shows conclusively the 
increased durability ot the tools when worked by a machine, a 
result we in a great measure ascribe to the straightness with 
which the blow is struck by the latter. The saving in the quan- 
tity of powder expended arises from its being possible, by the 
aid of the machine, to drive the holes for the charges both deeper 
and in a more favourable position than they can be by hand. 
The outside holes, particularly, can be driiled much closer to the 
roof and sides of the drift than they can be by manual labour. 

An even more important matter, in many instances, than the 
actual cost is the greatly increased speed with which the work 
can be performed by the machine. In the case of the drift at 
the Moresnet mine, the comparative rate of progress with 
machine and hand labour been, as we have already stated, as 
8 to 3; but this by no means gives a fair idea of the power of 
the machine, as the air-compressing machinery is, in this 
particular instance, very defective. On account of these 
defects, one boring-machine only is employed, whereas two 
ought properly to be in use at one time in a drift of that size; 
in which case the rate of progtess would no doubt be four times 
that attained by hand labour. 

The tools used are of two kinds, namely, a cutter of cruci- 
form form for furming a level face and commencing the hole, and 
an ordinary Z-formed tool for continuing it. The rate of boring 
in the hard dulomite at Moresnet is 1} in. per minute, whilst in 
hard granite from 1) in. to 2 in. are bored per minute, and in 
Portland stone about 3in. per minute. In gramte a tool will 
bore about 3 in, without being changed, whilst in Portland it 
will bore as much as 10 in. We should mention, in concluding 
this notice, that one of these machines, similar to that employed 
at Moresnet, was yesterday tried by Mr. Deering before a num- 
ber of gentleman, and was shown to work in an exceedingly 
satisfactory manner upon both hard granite and Portland stone. 
The engravings of Messrs. Deering and Sach’s tunnelling ma- 
chinery, which we have given on page 475, have been prepared 
trom drawings with which were kindly supplied by Mr. Deering, 
who is represented in London by Mr. J. W. Grover, C.E., of 30, 
Duke-street, Westminster. 





GRINDING TYRES. 


Tr is a fact well known to locomotive engineers that 
steel tyres after they have been some time in use be- 
come greatly hardened on their bearing surfaces, and 
that, in fact, a kind of hard skin is formed on them 
which it is frequently exceedingly difficult to remove by 
the ordinary process of turning. This more particularly 
happens in tyres which are subjected to the action of 
brake blocks, as, for instance, in the case of those of tank- 
engines and tenders, and it has led to the manufacture 
of several classes of tool steel specially intended for turn- 
ing them. In some cases the plan has been adopted 
of breaking up the hard skin of the tyres by means of 
a hammer having a blunt cutting face, the cuts made 
by this hammer enabling the point of the turning tool 
to be got under the skin. This plan enables the diffi- 
culty to be got over in the greater number of instances, 
but the process of turning is necessarily a slow one, 
the speed of the lathe having to be reduced below that 
ordinarily employed. ; 

During the time that Mr. (now Sir Daniel) Gooch 
was locomotive superintendent of the Great Western 
Railway, he extensively employed on that line compo- 
site tyres formed of iron faced with steel, and as the 
latter was hardened, it was imposible to turn them in 
the regular way. ‘This led to the use of machines for 
grinding the tyres, and several of these machines have 
been successfully at work at Swindon for many years. 
At present their application is not confined to hard 
and tyres, but they are partly employed on other tyres 
also, and it is probable that they will be used still 
more extensively. They each consist of a bedplate carry- 
ing a pair of centres, between which the wheels, of which 
the tyres are to be dressed up, are placed ; and they 
are furnished with a couple of rests similar to those of 
an ordinary wheel lathe, but each supporting a small 
grindstone instead ofa tool-holder. These grindstones 
are run at a good speed by means of a simple arrange- 
ment of belting, and the wheels which are being dressed 
are made to turn in the opposite direction, by means of 
a belt passing over a pulley temporarily fixed on the 
axle. The grindstones can be moved either laterally 
or to and from the wheels, like the tools of an ordinary 
lathe, and the dressing up of the tyres is entirely com- 
pleted by them. 

In the case of tyres which could be easily turned up 
in a lathe, the cost of dressing them by grinding is 
found to slightly exceed that of turning, but in the 
case of very hard tyres it is considerably less. At 
Swindon, Mr. Armstrong is about to fit up a tyre- 
grinding machine with four stones, two stones being 
made to act upon each tyre like the tools of one of 
Whitworth’s duplex lathes, and it is expected that by 
the use of this machine the cost of grinding a pair of 
tyres will be reduced below that of turning them in all 
cases. ‘The tyre-grinding machines turn out excellent 
work, the finish being quite equal to that obtained in 
the lathe, and the correct section of tyre being accu- 
rately formed. 

Although we believe that the practice of grinding 
tyres has been carried out more extensively at Swindon 
than it has been elsewhere, yet tyre-grinding machines 
have been used to some extent at other railway works, 
for instance, at those of the London and South- 
Western Railway at Nine Elms, those of the Great 
Eastern Railway at Stratford, and some of the railway 
shops on the Continent. Except inthe case of those 
at Swindon, however, the use of the tyre-grinding 
machines has been confined, in most cases, to the re- 
moval of the hard skin of the tyres only, the tyres 
being afterwards finished in the lathes in the coe | 
way. The Swindon system is much more economic 
and there is every reason to believe that tyre-grinding 
machines of some form or the other will be eventually 
found amongst the workshop plant of all lines upon 
which steel tyres are used. 





New Founpry at Hartrorp Works, OLDHAM.—A new 
foundry is in course of erection at the Hartford Ironworks, Old- 
ham, capable of producing from 400 to 500 tons of castings per 
week, It is to have an area of 8000 square yards, and to be 
built with two stories of galleries above the ground floor. The 
basement, forming a series of cellars or vaults below the floor of 
the foundry, will be used for storing and preparing sand, and 
will contain machinery for that purpose. The ground floor, 
being the foundry proper, will be surrounded by a gallery for 
moulding heavy castings. Above this a similar gallery, leaving 
the central part of the foundry open, will be carried upon cast- 
iron columns, and this story is intended for moulding small 
work which can be conveniently —— to the lower floor 
after completion. The last gallery, placed upon columns con- 
tinued above the first, is to form the pattern-tnakers’ shop. 
Hydraulic lifts will form an easy and convenient mode of com- 
munication between the different superposed stories of the 
foundry. This arrangement has been made in order to econo- 
mise space, which is becoming more and. more valuable on the 
site of these rapidly growing works, 
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FRENCH LOCOMOTIVES. 


Tue Northern Railway of France has, as a whole, 
the most extraordinary locomotive stock ever con- 
structed. The engines are extraordinary in their de- 
sign and for their size. We are not fully in a position 
to give their results, but we have reason to believe 
they are good.” The French engineers do not hesitate 
to overstep Eiiglish practice, and our locomotive men 
would probably find much to learn were they to spend 
a few days on the Nord line and in the works at La 
Chapelle. | 

There are Sixt Crampton engines on the line, two 
of them with “eight wheels, all the others with six. 
They are all of the well-known outside-cylinder type, 
with a single pair of driving-wheels, in some cases 7 ft., 
in others .74ft., behind the firebox. We have seen 
these engines slip at a great rate in going off a turn- 
table, and yet with a heavy train out of Paris, and up 
the long pull of 1 in 200 towards Creil, they did not; 
on the occasion of our ride, slip once. ‘The engines 
have sand-boxes worked from the footplate, but sand 
was used only in starting. The adhesion weight, it is 
to be remembered, is but 11 tons. The drivers like 
these engines. Everything is outside, and in full sight. 
It is nothing to examine the piston packing, the slide- 
valve, or the regulator; the pumps (for pumps are 
used, together with the injector) can be taken apart 
in five minutes, while standing beside the buffer-beam ; 
the leading axle-boxes are outside, and the driving 
axle-boxes are under the driver’s eye, on the footplate. 
The valve gear is all outside. We thought we de- 
tected some lateral movement of the a. but this 
was only at high speeds, and when, really, very little 
steam was on. In hard work, up the long bank, the 
footplate was as steady as that of one of the broad- 
gauge engines on the Great Western. Yet our own 
engineers incline to the belief that the Crampton 
engines burst the road. That there is a great strain 
on the leading flanges there can be no doubt, and, in 
int of fact, the leading tyres of the Crampton engines 
1ave more cone than the others, and the flanges, when 
new, are both thicker and deeper. There is no weather 
board whatever. But there is a feature, and a good 
one, peculiar to the French practice—every engine on 
the Nord line has a brake, and in the case of large- 
wheel passenger engines the brake is on the leading 
wheels. 

There are a number of inside-cylinder six-coupled 
English engines, some of them with a short wheel base 
—the “Mammoth” class—so named from the first 
engine of that type sent by Messrs. Stephenson and 
Co. to Paris—the others with the hind axle beyond the 
firebox. These last had an unequal distribution of 
weight, say 13 tons on the leading, 13 tons op the 
driving, and only 7 tons on the trailing wheels ; so a 
diminutive pair of pony-wheels, carrying about 4 tons, 
and thereby diminishing the adhesion, have been put in 
between the leading and driving wheels. 

Then there are forty huge outside-cylinder eight- 
coupled engines of 44 tons weight, much of the class 
originally known as the Engerth engine, but with 
ordinary tenders, only that these, like all the tenders on 
the Northern Railway, have but‘four wheels, although 
many of them weigh over 20 tons when" full. The 
engines to which we now refer have 1944 in. cylinders 
and 26in. stroke, and the boiler barrel is 5 ft. in dia- 
meter, and the tubes, 164 ft. long, have upwards of 
2000 square feet of external surface. These engines 
make nothing of ‘forty-five coal-wagons weighing, 
loaded, 14} tons eacli, and they often draw fifty and, 
where there are a few empties, sixty wagons in a train, 
the gradients being 1 in 200. Here are facts for Mr. 
Fairlie, “ Tender Engine,” “ Beta,” and Mr. Naylor to 
discuss. But we are to remember thatthe French 
engineers attempt nothing like 160 1b. nor even 180 1b: 
steam, although they do°work regularly considerably 
above 100 Ib. 

But the most extraordinary of all the engines yet 
built are those mountains of machinery, the four- 
cylinder goods and passenger'engiues, the former with 
twelve, the latter with ten wheels, made from the de- 
signs of M. Petiet himself, the manager of the line. 
We so fully deseribed them in our number of Novem- 
ber 2nd last, that’ we need not'repeat their dimensions 
here. Of the passefiger engines eight have been made, 
and these are tsedfor heavy’ mixed trains ;~‘of ‘the 
goods engines ten have been’ made, and so’ satisfied is 
the company with their performance, that ten more’are 
ordered. ‘The great superheaters, or dryers, on top of 
the boiler, and which lie in a line with the horizontal 
chimney, stand over 13 ft. from the rails. They serve 
a good panpore, and although the engines burn only 
slack coal, the grates, of large size, and entirely above 
the driving wheels; having cast-iron bars only 7 in. 
wide at the edge, with 3 in. air spaces, the evaporation 





is 8 lb. of water 
good as that in t 
Waterworks. 

The management of the Nord line is so liberal, and 
any information asked is so readily and fully imparted, 
that we think our own engineers would do well to 
dismiss some of their notorious prejudices, and to 
spend a short time in examining for themselves the re- 
markable locomotive practice of our neighbours across 
the Channel. 


per pound of slack, which is nearly as 
e Cornish boilers of the East London 








SCHMID’S WORKS, VIENNA. 

Mr. H. 8. Scumip, the proprietor of the engineering 
establishment which we mentioned a few weeks ago 
in connexion with the ventilation of the new Opera 
House in Vienna, was a pupil of the once famous 
house of Roller and Schwilgue, of Strasburg—a house 
which has ceased to exist in name, but has in reality 
been transformed ‘into the well-known works of Grafl- 
enstaden, one of the largest establishments in France. 
Mr. Schmid was the first director of these works, and 
he created a branch establishment in Vienna which 
subsequently was earried on by him independently. 
His present works are principally laid out for railway- 
carriage and wagon making. ‘The capability of produc- 
tion is about 1200 vehicles per annum, by the employ- 
ment of about 700 hands. ‘The works are situated be- 
tween two railways and a navigation canal in the imme- 
diate vicinity of Vienna, The establishment has its own 
foundry and forge, and all the wood-working machinery, 
which is of a very modern character, has been designed 
and made at Mr. Schmid’s own works. The works, 
according to Continental fashion, do not confine them- 
selves to the making of their principal speciality, but 
they also make gun-carriages, shot and shell, small-arm 
ammunition, and other war material, for the Vienna 
Arsenal, which is situated close by ; and they carry out 
general engineering work such as that represented by 
the Opera ventilating apparatus. 

We have purposely selected this establishment for 
comparing the methods of manufacture between a 
wagon and carriage works on the Continent with one 
of the largest works of this class in England, described 
on another page. At the Ashbury Works, 2000 hands 
finish about 3000 carriages and wagons yearly, while 
Mr. Schmid makes 1200 with only 700 workmen, and 
turns out a great deal of other work besides. But the 
Ashbury Works commence carriage-making with the 
pig-iron, make their own blooms and bars, wheels and 
axles, tyres, and all other parts of a carriage, while the 
works in Vienna buy the greater part of the ironwork 
in a manufactured and sometimes even in a finished 
state. It is obvious that these two methods of car- 
riage making represent two different systems of manu- 
facture, the one aiming at the utmost extension within 
one particular speciality, trying to combine in one 
catablishment all the different processes which work to- 
gether in the production of one special class of articles, 
the other contriving to produce the greatest number 
and variety of articles with one class of tools and ap- 

liances. The system which is most in fayourin Eng- 
land tends to the utmost extension of plant, while the 
Continental practice tends to the utmost multiplicity 
of production with a limited plant. It is obvious that 
each of the two systems has its advantages and disad- 
vantages, that each affords ample scope for the ‘skill 
and ingenuity of practical men, and that the circum- 
stances which lead to the choice between the two are 
beyond the control of the manufacturers or engineers, 
being governed by the social and commercial position 
of each particular country. 








Dears or Mr. Parkin Jerrcock.—At a meeting of the 
Society of Engineers, held on Monday evening last, W. H. Le 
‘Feuvre, Esq., vice-president, in the chair, the circumstance 
was referred to that the late Mr. Parkin Jeffcock, whose noble 
conduct in endeavouring to save life at the recent colliery explo- 
sion at Barnsley had cost him his own, was an old member of 
the society. Extracts from the Times and Pall Mall Gazette 
bearing upon the sad event were read, and the following resolu- 
tion was passed: “ The Society of Engineers receives with sin- 
cere regret the announcement of the loss of one of its early 
members in the person of Mr. Parkin Jeffcock, who met his death 
in the noble and laudable endeavour to save life at the recent 
fatal explosion at the Qaks Colliery, Barnsley; and the Society 
hereby begs to express its sympathy with Mr. Jeffcock’s rela- 
tives and friends under their bereavement.” 

ANOTHER GREAT FLOATING Dock.—'Lhe Pasha of Egypt 
has ordered a great iron floating dock for service in the port of 
Alexandria. | ‘This dock is being built in France. 

To CorkEsponpENts.—We are unavoidably obliged, through 
want of space, to leave over until next week several letters which 
are In type. 

Socizry oF ENGINEERS.—The annual dinner of this society 
took place on Friday evefhing, December 14, at the Bridge House 
Hotel, London-bridge. ‘The company numbered about 100 
gentlemen, Mr, W. H. Le Feuvre, vice-president of the 
society, occupied the chair. The society now numbers 360 
members, and its affairs are on a better footing than ever before. 





THE SUEZ RAILWAY. 

Tue traffic on the Suez Railway, already so 
great, will shortly receive a fresh impulse in conse- 
quence of a resolution that has been recently adopted 
by the English Government, and which, it appears, 
will be put into execution next year. For the future 
the troops that are sent out to India are to be sent vid 
Egypt, and the same route has already been adopted by 
France for the passage of stores, &c., of the army of 
occupation in Cochin China. The transit, on an 
average, of from 1500 to 1600 men per month, with 
arms and baggage, would be a great obstruction on 
the Suez Railway, which, being but a single line of 
rails, is even now considerably crowded on the arrival 
of the numerous French oat English mail packets ; 
and when several vessels arrive simultaneously, fre- 
quent delays are occasioned by the slowness of the 
trains, and the stoppages at the numerous intermediate 
stations. 

It is of the utmost importance to provide against the 
confusion that might arise from the passage of so large 
a body of troops, and so avoid putting any obstacle to 
the trade between Europe and India, which tends day 
by day to increase by the Suez route. It is now pro- 
posed to construct a line 107 miles in length, from 
Zagazig to Suez, following the Freshwater Canal of 
the Suez Canal Company. This line would communi- 
cate with the Cairo and Alexandria Railway by a line 
that is already opened between Benha and Zagazig— 
a distance of 22 miles—and by this means effect a 
saving of about 19 miles, and greatly facilitate the 
passenger and goods traflic. 

Whether it is considered preferable to continue the 
Benha and Zagazig branch to Suez, or to lay down a 
second line of rails on the Suez line, it certainly is of 
the greatest importance to come to some decision, as 
much for the facilitation of communication as for the 
interest of the Egyptian railway, which will be over- 
whelmed until the completion of the Maritime Canal, 
if new means of transit are not speedily added to those 
now existing. 








ENGINE AT THE RYDE WATERWORKS. 

Tuts engine, which has just been erected at Ryde, under the 
direction of Mr. John Bourne, C.E., was constructed by Messrs. 
Londale and Dale, of Kirkcaldy. As will be seen by the vertical 
section on the next page, it is o: the beam double-cylinder rotative 
type. ‘The large cylinder is of 23} in. diameter and 4 ft. stroke, 
and the small cylinder is of 13} in. diameter and 8 ft. 2§ in. stroke. 
The boiler, which is of the Cornish kind, is a cylinder 26 ft. 9 in. 
long and 6 ft. Gin. diameter, with two internal furnaces 2} ft. 
diameter, and it is adapted to work with a pressure of 40 1b, per 
square inch. ‘The engine is able to lift 400 gallons per minute 
through a height of 300 ft., to the reservoir at Ashey Down, 
from whence the water flows through pipes for the supply of the 
town. The water, which is of excellent quality and abundant 
in quantity, issues from a spring in the chalk at Knighton, a 
few miles from Ryde, where the engine is erected. ‘The general 
design of the machinery was made by Mr. Easton; but the 
details and carrying out of the work on Mr. Easton’s retirement 
devolved upon Mr, Bourne, who was selected by the Ryde Com- 
missioners to carry out the work. 

This engine conforms so closely to the ordinary approved type 
as to afford little room or cause for special description, ‘The 
beam is formed of two wrought-iron plates. The pump is formed 
with valves partially equilibrated, and the beats are formed of a 
mixture of tin and lead, which is found to be better than brass 
for this purpose. The pump is of the bucket and plunger kind 
first introduced by Mr. David Thomson in the Richmond Water- 
works, nearly a quarter of a century ago. As this species of 
pump forces both in the up and down stroke, but draws only in 
the up stroke, the water in the suction pipe is necessarily brought 
to rest at each stroke of the pump, and to obviate shock from 
this cause, and also to enable the pump to draw better, an air 
vessel is placed upon the suction side of the pump, as well as 
upon the forcing side. Instead of the common cold-water pump 
to lift the water for the injection, and of the injection cistern to 
hold the water thus lifted, the same end is more easily obtained 
by leading a suction pipe trom the well to the condenser through 
which the injection water is sucked, as in steamboats. But as 
the condenser is a little height above the well, the flow of water 
through this suction pipe is accelerated to any desired extent by 
the introduction into the centre of it of a small jet of water from 
the 800 ft. head, thus constituting a jet pump, and the first 
exainple of one, so far as ‘we are aware, which has been intro- 
duced into this country, though, as our pages have already 
shown, such pumps have been introduced into use in Germany 
with the most successful results. Pumps of this kind are 
cheaper and simpler than any other, and less liable to choking 
or otuer derangement. ‘The workmanship and materials of this 
engine, we understand, are of the best quality, aud the local 
papers contain flaming‘accounts of the success with which the 
engine does its work. 








Tue CUNARD STEAMSHIPS.—It is now very generally under- 
stood that the American mail contract with the Cunard Company 
will not be renewed. For this reason, among others, the passage- 
money by the Cunard mail steamers has been advanced to 31/. 
for chief cabin, and to 23/. for second cabin, by the New York 
steamers; and by the Halifax and Boston ships, to 25/. for chief 
cabin, and 20/. for second cabin. By the extra steamers, the 
passage money to New York has been advanced to 151. 171, 
and 21/. guineas, according to the accommodation in the state 
rooms, all having the same privileges in the saloon. The Inman 
Company have also raised their passage-money. 
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PUMPING ENGINE AT THE RYDE WATERWORKS. 
CONSTRUCTED BY MESSRS. LONDALE AND DALE, KIRKCALDY, N.B., FROM THE DESIGNS OF MR. JAMES EASTON, C.E. 
(For Description, see preceding Page.) 
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INSTITUTION OF CIVIL ENGINEERS. 


Tue proceedings of the annual general meetings of 
the Institution are not of a public nature ; but it would 
be idle to pretend that: the scene of Tuesday evening 
has not been by this time published, by word of 
mouth, to. at least twenty thousand persons. One 
member of council offered to show, and indeed in- 
sisted upon showing, the unfitness of another member 
of council for re-election, because, as was understood, 
of some money transactions not in accordance with 
honour or even common honesty. After a most pain- 
ful debate, in which a dozen speakers hinted at the 
matter without actually saying what it was, the whole 
subject was referred to the council, and the member 
whose honour had been attacked was subsequently 
re-elected upon the council, with the tacit understand- 
ing that should the charge against him be proved he 
should be invited to resign, or, should he fail to take the 
hint, be expelled. Why the charge was not originally 
examined and disposed of in council, without having 
been thus dragged up at a general meeting, we are 
unable to say. It would be useless to appeal to gen- 
tlemanly feeling with one who stood up to make the 
most damaging accusation—virtually as much in 
public as if the meeting had been one in St. James’s 
Hall—where every end of justice and expediency 
would have been equally served by his having first 
brought it in form before the council, to whom, as a 
matter of course, an unusually full meeting has now 
referred it. That it would be so referred the self- 
constituted public prosecutor in this case must, from 
his long experience of public proceedings, have per- 
fectly known, and we are left to choose our own ex- 
planation of his course, whether it was the result of 
over-zeal or otherwise. We have now aright to ex- 
pect the instant action of the council; for such an 
accusation cannot rest, and not only every member of 
the Institution, but thousands who are not even 
engineers at all, must know whether it be a fact or a 
falsehood. It is a matter of great regret. that the pre- 
sident of the Institution is now abroad, and that he 
may be away for some time; but as the person impli- 
cated came a thousand miles, from Italy, to meet and 
answer the charge, if it were openly made, so, too, 
Mr. Fowler may feel it necessary to at once return and 
examine it. 

As to the result of the election, the well understood 
attempt of a faction has been defeated; and,as there 
was little real doubt would be the case, Mr. Fowler 
will occupy the chair for another year. — 

_ The proposal to form a junior branch of the Institu- 
tion, a proposal which has proceeded from the applica- 
tion of nearly one hundred office-assistants and pupils, 
is likely to result in further good. The maturer papers 
and the weighty debates of the great engineers, are 
heyond both the reach and the liking of the young 
men, who are nevertheless desirous and deserving of 
some of the advantages of the house in Great George- 





street, and they are not, it appears, unwilling to sub- 
mit to the sole government of the Institution. By 
this they will benefit, as the quackery and egotism 
which are occasionally shown in others of the younger 
societies will at least be excluded. 

There was a hearty burst of applasse ai the meeting 
when Mr. Forrest, the hard-working and most deserv- 
ing secretary, lightly read, as if he would have rather 
suppressed, that part of the annual report of the coun- 
cil, expressing their high estimate of his services, and 
stating the fact that they had presented him with a 
testimonial of one hundred guineas. 

That the Institution is flourishing and prosperous 
we need hardly add, although it would require but few 
of the lamentable blunders of Tuesday evening to bring 
it into contempt. Whatever may be the real facts of 
the personal question then raised, it was one upon 
which the council, and not the Institution as a body, 
should have first taken action, and the member of coun- 
cil who brought forward the matter in so impropér a 
manner deserves the severest censure for his conduct. 








THE P. AND 0. COMPANY.—No. III. 


Soon after the Peninsular line of steamers was esta- 
blished, and had shown what could be done in main- 
taining regular steam communication with distant 
countries, a project was set on foot to carry steam 
navigation across the Atlantic. Much controversy took 
place as to the practicability of successfully carrying out 
this design; and Dr. Lardner, who was accounted an 
eminent scientific authority at this time, is usually sup- 
posed to have pronounced such a navigation to be 
physically impossible—a declaration which the subse- 

uent successful establishment of. Atlantic navigation 
showed to be untenable; and the contradiction thus 
afforded by practical achievement to the supposed de- 
ductions of deus is habitually appealed to as showi 
how little the conclusions of theorists are to be truste 
in questions of practical science. It happens, however, 
that it is popular opinion that is here in the wrong, 
and not Br Lardner, as_ was very plainly shown by 
articles which appeared in the Zdinburgh Review and the 
Monthly Chronicle at the time the question was agitated, 
and by a letter, written by Dr. Lardner himself, which 
> ype a in the Zimes a few years afterwards. But 
the advocates of the Atlantic project found it’ their 
interest to fix an absurdity upon Dr.. Lardner by pro- 
mulgating the report that be ad declared the Atlantic 
voyage impossible of accomplishment by a steam 
vessel at all, although the voyage had ake been 
erformed by at least one steam vessel, the Royal 
illiam, built in Lower Canada, and although it was 
plain to every one that there was nothing to pre- 
vent a vessel, loaded with engines, boilers, and coals, 
from making a voyage to America any more than if she 
were rome with any other kind of cargo. It was 
plain, moreover, that the question whether the coal 
would last throughout the voyage, or not, depended 
mainly upon the capacity and power of the vessel, 
supposing the vessel to be worked all the way at full 
ower; and it was also obvious that any vessel would 
e able to make the voyage, whether she was of large 
size and power or of small, if the engine were worked 
only during part of the time, or if it were worked 
during the whole time with but part of its power. 
All this was as plain then as now. But the report 
was industriously promulgated that Dr. Larnder had 
maintained it to be impossible that the voyage could 
be accomplished in a steamer at all; and as this was 
manifestly a preposterous conclusion, his credit was 
correspondingly shaken as a competent.authority on such 
questions—the very result which his opponents wished to 
bring about. Now many fallacies are like weeds, which 
continually sow themselves anew until they become ac- 
cepted articles of faith, and are inextricably interwoven 
with the whole texture of public opinion. And such 
an ineradicable weed the fallacy, as to the nature of Dr. 
Lardner’s doctrines, has proved itself to be fruitful as 
the solitary thistle which the patriotic Scotman inno- 
cently carried to Australia, where its seeds were 
quickly wafted over the whole face of the country, and 
Scotia’s national emblem soon became an accepted 
feature of the landscape. Now it so happens that 
before Dr. Lardner went to the meeting of the British 
Association at Bristol, in 1838,, where his great heresy 
is said to have been first ponmateee, the writer of the 
present remarks met him on board the Peninsular 
steamer Don Juan, which vessel Dr. Lardner had come 
to inspect ; and the conversation then turned on the 
subject of the Atlantic steam enterprise about to be 
inaugurated by the steamer Great Western, at that 
time in course of construction. Captain Engledue, 
the commander of the Don Juan, was also present on 





the occasion, and Dr. Lardner asked the writer what 
estimate he had formed of the prospects of the intended 
Atlantic line. The writer replied that, inthe existing 
state of steam navigation, he did not believe that it 
could possibly answer if pursued as an independent 
speculation without Government aid, a conclusion to 
which Dr. Lardner stated he had himself also come 
from his own independent investigations. There is no 
doubt that Dr. Lardner was fortified in the soundness 
of his conclusions as to the ee character of 
the Atlantic enterprise by the corroboration thus 
afforded, and he accordingly stated at the meeting of 
the British Association, held immediately afterwards 
at Bristol, that he did not see how the project of run- 
ning steamers like the Great Western from Bristol to 
New York could possibly become a successful enter- 
prise if it relied for its prosperity on its own earnings 
alone, since the vessel would necessarily be so filled 
with coal for that long and unbroken voyage, that she 
would not have capacity remaining for remunerative 
cargoes. He consequently recommended that any 
steamers then established should make some suitable 
port on the west of Ireland their point of departure, 
and some suitable port on the east coast of Newfound- 
land their point of arrival, whereby the length of that 
part of the voyage during which no coal could be taken 
in would be so much abridged as to give a fair prospect 
of a successful issue to the enterprise. This sound 
advice, however, was rejected. The Great Western, 
and afterwards the Great Britain, was placed upon the 
station. But the precise results Dr. Lardner had an- 
ticipated speedily came to pass, and, after great loss of 
money, both these vessels had to be sold, and, so far as 
they were concerned, the enterprise was abandoned. 
No better success attended the attempted establish- 
ment on the line of the Sirius and Royal .William— 
the British Queen and President, and the Liverpool, 
all vessels attempting to make the voyage between an 
English port and New York in one unbroken run, 
The whole of these vessels, spite of the confident 
vaunts of their owners, had to succumb to the opera- 
tion of the inexorable laws which Dr..Lardner had 
indicated, but which the enthusiasts who established 
these vessels thought they could with impunity defy. 
Shortly afterwards the Cunard Company was started, 
and as it was accessible to wiser counsels, seeing that, 
instead of attempting to stretch from Liverpool to New 
York in one unbroken line, it terminated the voyage at 
Halifax,as Dr. Lardner had recommended, and as, more- 
over, it was aided by a subsidy for carrying the mails 
in the manner previously inaugurated _ by, the -Penin- 
sular Company, the enterprise ceaeeaiiil in this com- 
pany’s hands, but only with difficulty, though the 
management was of the most efficient character, and 
although the original subsidy was in a short time in- 
anal, The Cunard Ae Re which has proved a 
very eminent success, owes much of that success to its 
adoption, at the outset, of Dr. Lardner’s recommenda- 
tion to abridge the length of the voyage by making the 
most easterly port of America its point of departure 
and arrival, and latterly it has also made Cork its port 
of final departure and first arrival on this'side, so that 
at both ends of the line Dr. Lardner’s recommendation 
has in the end been carried out to some extent. 


Of the vessels built for the navigation of the Atlantic, 
the Liverpool (afterwards called the Great Liverpool, to 
distinguish her from another Liverpool belonging to 
the Peninsular Company, and which came to be called, 
for distinction’s sake, the Little Liverpool, was one, 
and a vessel intended to be called the United States, 
but the name of which was subsequently ‘changed to 
the Oriental, was another. These vessels belonged to 
a company called the Transatlantic Company, got up 
in Liverpool, but of which the chief promoters were 
the directors of the City of Dublin Company—a steam 
company established in Dublin many years before, and 
which had then a large fleet of steamers of moderate 
size plying between Dublin and Liverpool, chiefly 
carrying cattle. The City of Dublin Company had 
been a very successful company, and much of its 
success was due to the talents and assiduity of its 
secretary, Mr. Francis Carleton. Of the Transatlantic 
Company Mr. Carleton was also a prominent member ; 
and when he saw—as he very soon did—that the 
Atlantic line of navigation could not be made profitable 
on the plan on which it was then carried out, it 
became necessary that he should bethink ‘himself of 
some suitable employment for the two great vessels 
which had been built to carry out that undertaking, 
and which would be quite unsuitable for any local em- 
pees at home. The principal members of the two 

ublin companies—of which Captain Bourne and Mr. 
Carleton were the most prominent members—were of 
course well known to one another ; and Mr, Carleton 
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opened to Captain Bourne’s nephew, Mr. Hartley, the 
idea of associating the Transatlantic vessels with those 
of the Peninsular Company, and carrying out the design 
of establishing steam communication with the East. 
Already it had become apparent to Captain Bourne and 
his partners that some pai extension was indispensable 
to make the Peninsular enterprise pay; and as the stream 
of Indian passengers finding their way home from India 
by the East India Company’s steamers to Suez, and by 
Government steamers then plying between Alexandria 
and Gibraltar, was continually creasing, even with 
the ‘imperfect and disjointed communications then 
existing, there was good reason to conclude that a 
very large intercourse would at once spring up if 
vessels of large size and power, and affording superior 
means of conveyance for passengers and goods, were 
substituted. The vessels built in Liverpool for the 
Transatlantic line were vessels which would be suitable 
for inaugurating a line to India—the superior prospects 
of which Dr. Lardner maintained in a fetter addressed 
to Lord Melbourne, at that time published ; and the 
idea of the conjunction of the two companies proposed 
by Mr. Carleton was favourably entertained by Captain 
Bourne and his partners, and was consequently 
adopted. The company resulting from this amalgamation 
was called the Peninsular and Oriental Steam Naviga- 
tion Company; and Messrs. Willeox, Anderson, and 
Carleton casen the managing directors of the com- 
pany, Mr. Allan became secretary, and Mr. Lamb the 
engineer. 

‘he new company was incorporated in 1840, by 
royal charter, limiting the liability of shareholders, 
and in its transformed shape the value of Mr. Carle- 
ton’s accession became immediately apparent. For 
not only was he a man of talent and of much expe- 
rience in steam navigation, but he was the only man 
connected with the enterprise who understood the busi- 
ness and management of a joint-stock company. More- 
over his acquaintance with tried and efficient officers 
and servants was important in recruiting the com- 
pany’s staff with men who were equal to their duties, 
and who had not their business to beara, Mr. David- 
son, who was despatched to Egypt at this time as the 
company’s agent there, and who there and in Malta 
rendered the company most valuable services during 
many years, was introduced to the company under the 
auspices of Mr. Carleton, as also were Captain Loy, 
the commander of the Oriental, Mr. Ellis, the engi- 
neer, and other most efficient officers. Mr. Carleton 
died in 1848, and was succeeded by Mr. Allan, who 
thereupon became one of the managing directors, 
which office he continues to fill at the present time. 

(To be continued.) 


THE FRENCH TRANSATLANTIC 
STEAM COMPANY. 

M. Fracuat, in his recent work on ocean steam 
navigation, has given much interesting information 
respecting the French postal lines of steamers, and on 
some future occasion we hope to be able to set before 
our readers an abstract or epitome of the valuable 
facts he has collected. At present, however, we have 
only time to recapitulate a few of the main circum- 
stances connected with the formation and working of 
the French Transatlantic Company, which is one of the 
great instruments by which the ocean steam naviga- 
tion of France is carried on. 

The French Transatlantic Steam Company was 
established in 1861. It has now an annual subsidy 
of nine and a half millions of francs, being at the 
rate of 57fr. 60c. per nautical league, or 19fr. 20c. 
per nautical mile—three rautical miles being equal to 
a nautical league. The ports of arrival and departure, 
the distances run, and other main features of the 
contract, are exhibited in the following table : 





















Distancef Pare 
, i in marine} Number | Distance | pi striba- 
Pert of departure leagues “ ron in | ‘tion of 
and arrival. : , marine | co) isa. 
going and] Voyages. | ).. ues Subsidy. 
coming. 
Havre .....0+++ soececees 9116 og | 55.061 18.170.0 
New York 2116 26 «=| 55,061 [3,170,000 
New Yo * | | 
St. Nazaire ..,....00+0 ’ 3762) | } 
Vera Crud cisccceeeees a tes K) tke 
Subsidiary .... = | 15035| '2 | 68,180 }8,451,156 
St. Nazaire .... owt 3278) 
Aspinwall .... «5 ‘ | 54,096 1,074,017 


_ — 


172,292 (9,695,173 





Subsidiary ............ 12305 | 12 


When the Transatlantic Company was established, 
their highest ambition was to emulate the success of 
the Cunard Company, and the Napoleon ILL., one of 
their principal vessels, just built, is of nearly the same 
dimensions and power as the Scotia, and most, if not 
all, of the vessels previously constructed for the 


company were paddle-vessels, in conformity with the 
example which the Cunard Company had set. But 
the engines which were constructed after French 
designs were remarkable mainly for their great weight 
and the imperfection of their performance; and a 
serious impediment to the success of the company 
was thus created. M. Flachat gives, in considerable 
detail, the proportions of the Scotia, Napoleon IIL., 
Pereire, al Ville de Paris, and the China, the two 
first being paddle-boats and the others screw. But 
it will be here sufficient to state that the Napoleon 
ILI. is about 40 ft. shorter,than the Scotia, and a little 
deeper, while the breadth of beam and the diameter of 
the cylinders are about the same. Both vessels are 
fitted with side-lever engines, a species of engine now 
quite antediluvian, and to which the Cunard Company 
alone, of all important English companies, has thought 
proper to adhere. Yet it would be a great mistake to 
suppose that the success of the Cunard Company is 
in atly measure imputable to such stolid conservatism, 
the fact being that it has succeeded in spite, and not in 
consequence, of its unreasoning immobility. This is 
the mistake which the French ‘Transatlantic Com yany 
at first made, and from which.they have only wd 
fully awakened by the superior success of the Ville de 
Paris and Pereire. 

The names, tonnage, and power of the vessels com- 
posing the French Transatlantic Company’s fleet are 
as follows : 








| 4 Horse- 
Name of | Register | p; Lee | power of 
Steamer. Tonnage. isplace- | 900 kilo- 
ment. | * 
\grammétres 

Napoléon III. (paddle) ... 3950 6400 1620 
Ville de Paris (screw) ...| 3014 5200 1300 
Pereire de. as 3014 5200 1300 
St. Laurent ——_— 340U 5800 1300 
Europe (paddle) .. | 3200 5800 1300 
Washington do. w; 3200 5800 1200 
Lafayette do. «| 3200 5800 1200 
Imperatrice do. ...| 3200 5800 1200 
France lo. ...| 8200 5800 1200 
Nouveau Monde do. .,.) 3200 5800 1200 
Panama do. ...| 3400 5800 1200 
Louisianne (screw) ...) 1900 3650 600 
Flonde Gi tn 1900 3650 600 
Vera Cruz GO aes 1700 2450 300 
Tampico oh «as 1700 2450 | 300 
Guyane (paddle) ... 940 1150 | 300 
Sonora do. ae/ 425 550 | 180 
Casique (screw) ... 670 750 | 150 
Caraide GO. ace} 700 930 | 150 
Caravelle do...) 700 950 | 150 
Darien (building) ... 900 1000 | 250 





The most material dimensions and particulars of the 
Pereire, Persia, Scotia, and China are as follows : 





Pereire. | Persia. | Scotia. | China. 





ft. ft. ft. ft. 
Length of keel and 345. 360 366 322 


fore rake 


Depth moulded... 29 314 32 29 
Breadth moulded ... 43} 44} 474 40 
Load draught vee 22 22 22 22 
Displacement loaded | 5100 oe 6520 4700 
Tonnage, B.M. —...|. 3227 3587 4050 2536 
Tonnage (register)...| 2876 eo 4050 2529 
Kind of engine _...| direct |side lever/side lever} geared 


Diameter of cylinder} 84 in. 100in. | 100in. | 80 in, 
Length of stroke 4 ft. 10 ft. 12 ft. 5} ft. 


Average H.P. at sea} 2500 3400 4565 eve 
ba = H.P. et} 3.11b. | 3.91b. | 3.31b. 

















Coal per day 83 tons | 142 tons | 161 tons 








The Pereire, Persia, and Scotia are of much about | 
the same speed, viz., 14 knots an hour, and their | 
displacement and consumption of fuel per horse power | 
per hour are uot very different. But the consumption 
of coal per day is pretty nearly twice greater in the | 
paddle vessels than in the serew ones; pointing to 
this momentous fact that, in the case of large vessels, 
the screw will produce the same speed as paddles at not | 
very much more than half the expense of coals. The | 
existence and importance of this law is still very im- 
perfectly apprehended ; and we believe that the’ phe- 
nomenon is traceable to the fact that in the case of 
long vessels, which rule over the water, to a greater 
length than short ones, and consequently impart more 
motion to the water in the direction of the hip, there 
is a larger amount of vis viva in the moving film of | 
water in which the ship swims, and as the screw, by its 
position at the stern, works in this moving water, and 
recovers a portion of the vis viva, a better result is ex- 
hibited than is possible in the case of any propellers at 
the sides, which do not come into this moving film at 
all, The experiments with the Rattler and Alecto 
showed very conclusively that, ix the case of vessels of 
that size, the screw and paddles are about of equal 
eflicacy in propulsion. But this relation is wholly 








|are upon the grandest scale of all. 


changed in the case of vessels of large size, and there 
the screw exhibits a marked superiority. The exact 
position in which the screw is placed in the stern will 
also affect its performance, and on this subject there is 
much which is yet obscure, and which it is desirable 
should be cleared up. But this much at least is plain, 
that in the case of vessels of large size the screw, with 
all its existing defects, is a better propeller than 
paddles, whether radial or feathering, and the sooner 
this fact is distinctly apprehended by steam navigation 
companies, the better it will be for their own interests 
and for the public interests also. 








THE PARIS EXHIBITION. 

EncinrErs who have lately visited Paris will agree 
with us when we say that the arrangements for the 
display of machinery in the forthcoming Exhibition will 
far exceed in completeness and excellence anything 
before known in connexion with these international 
fairs. ‘The machinery and processes court forms the 
principal part of the whole building, surrounding all 
the rest, and being in design, as well as magnitude, the 
great feature of the whole. Along the length of the 
Champ de Mars this annular court will have an outside 
diameter of about 1550 ft., and in the other direction it 
will measure about 1250 ft., the width for the whole 
extent beitig 110 ft., this being equal to a room about 
4400 ft. long and 110 ft. wide, having an area of up- 
wards of 11 acres. But it is not merely the floor area, 
for the court is $2 ft. high to the underside of the 
arched roof, which has no great'rise of itself, and both 
on the outside and the inside the gallery is lighted by 
enormous windows along the whole circumference. 
The roof itself has no glass, and will unquestionably be 
made weather-proof, the whole of the roofs having now 
long been in place. Steam will be supplied from a 
considerable number and variety of boilers, erected in 
buildings in the grounds outside. The shafting will 
be carried upon ornamental columns erected along 
the central line of the gallery, and in every 
respect, whether of ventilation, warmth (if artificial 
warmth be necessary), drainage, space for working 
and for workmen, and abundant passage room 
for visitors, the arrangements leave nothing to be 
desired. Every visitor to the other portions of the 
building must cross the machinery gallery at some 
point to reach there, and as the building is almost 
everywhere curved, only a vista of a few hundred feet 
is had from any point ; for were the 4400 ft., or nearly 
seven-eighths of a mile, run out in a straight line, the 
effect would be oppressive to the eye and to the mind, 
and but few visitors would be at once disposed to go 
down the whole length. 

We can only wonder at the ridiculously small space 
allotted to English exhibitors, but the effect will be all 
the better for those who have space, in so far that their 
department will be the more compact and select. All 
the machinery must soon go in, to be tried March 28th, 
in anticipation of the opening on the first of April. M. 
Cheysson, whose position corresponds to that of Mr. 
D. K. Clark in the International Exhibition of 1862, 
has plenty of work before him. 


MAGNIFICENT PARIS. 

Youne England, largely reinforced from the elder 
members of the family, will storm the French capital 
within a few months, and will indulge to the full in all 
those happy national comparisons in which our coun- 
trymen are always so graceful and appreciative. Our 
own profession, which knows so well how to utilise ob- 
servation, and with whom curiosity is a commercial in- 
stinct, and°pleasure, when duly regulated, a vehicle for 
business transactions, will also muster in strong force 
—indeed, the Institution of Mechanical Engineers will 
visit Paris as a body, and hold its annual meeting there. 

The first wonder to be visited will be the Hxhibi- 
tion, the building—not altogether unlike a vast gas- 
holder—covering thirty-five acres under its connected 
series of roofs, while, with its outlying attractions, 
comprising several colonies of machinery in motion, 
it will nearly fill the one hundred acres of the Champ 
de Mars. The great building is admirably lighted, 
ventilated, and drained, and as for appearance, French 








|taste is sufficient to beautify even a gasholder, and to 


raise it in some measure to the level of a work of, art. 
The building is most to be admired for its convenience, 
and the arrangements for the exhibition of machinery 
We shall not stop 
here to dwell upon their details, for we have noticed 
them in an article above, but we may note here that the 
principal as it is the outer zone of the building, nearly 
seven-eighths of a mile in circumference and 110 ft. 
wide, covered by a fine roof more than 80 ft. bigh, and 
lighted on both sides by upwards of 500 vast win- 
dows, is set apart for machinery and processes, and 
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that all visitors must cross this zone at some point, in 
order to reach the twenty acres of exhibited materials, 
manufactures, and works of art within it. 

After the Exhibition, the great attraction will be 
Paris itself; and we do not refer here to its gaieties, its 
fashionable follies, nor its glittering superfieialities. It 
is a city of deep interest to the engineer, with its for- 
tifications, its splendid river embankments, its fine 
although not colossal bridges, its immense sewers, its 
railways, its water supply, and all the.great works of 
construction which make Paris the most artificial city 
in the whole world. It is impossible to say what in- 
dividual work will first attract the attention of the 
individual English engineer. It may bethenew Opera 
—one of the finest buildings of modern-times—or it 
may be the great work of removing ‘the hill forming 
the Passy slope of the Seine, and known as the Troca- 
dero. It may be the magnificent iron bridge which 
carries the six streets, converging at the Place de 
l'Europe, over the Western Railway ; or it may be the 
great reservoir of the Paris Waterworks, at Menil- 
mopitant. It may be the works at the Butte de Chau- 
mopt, or the extraordinary bridge of the Chemin de 
hg Ceinture, at the Poiut du Jour—extraordinary 
as ‘having been built-of stone, where all other works 
forthe same purpose are now constructed of iron, and 
renfarkable as carrying a railway at a high level, with 
two roadways, one’on each side, beneath. Other engi- 
neers will wander through the long and, to us, tire- 
some streets of gingerbread architecture in the Paris 
stone, so soft that ornaments are cut in it only after 
the block is in the place it is intended to occupy in a 
building. Others may study the fine monoliths of 
Coignet—and he makes anything, from a statuette to 
a ten-roomed house, in beton agglomeré—although we 
think that Frederick Ransome could beat him at both. 
A great number of engineers will visit Cail’s and 
Gouin’s, and wonder at the differences between English 
and French design, and between English and French 
workmanship. 

The English underground railway has not yet been 
adopted for Paris, but it is manifest that inso great a 
a capital its adoption cannot be very long delayed. In 
the. meantime, the light tramway along the Quai de 
Billy—the “Chemin de Fer Americain,” as it is 
called—shows how unobjectionable a street railway 
for omnibuses: may be, for the lightest brougham 
might drive across and along it for half an hour with- 
out the occupants being made aware of its existence. 
As for the cabs, they are very comfortable and conve- 
niept and horribly slow, and we told our cocher, out of 
spite, that the English cab horses went vingt kilometres 
par: heure. The system of making and maintaining 
roads, especially the carriage-ways of the boulevards, 
is worthy the careful study of English engineers, and 
would even form a fit subject for any one with a literar 
inclination who might care to bring it before the 
Institution of Civil Engineers. It is odd, too, that 
while Macadam invented “ macadam” here, in Eng- 
land, and while we have done so much and so well here 
with traction engines, the French should have been the 
first to employ steam rollers for laying broken stone. 

If we visit the railways, we shall give the preference 
to our great arched-roof stations, as compared with 
the pitched roof of the Northern Railway Station, a 
roof supported by lofty ornamental columns cast by 
Alston and Gourlay, of Glasgow. Yet, however we 
may criticise it, the Gare du Nord isa striking work, 
ont its arrangement offers a good study for the 
English engineer. We gave a description of it on 
page 389 of our first volume, and we may just note 
here that the main-line traffic is received at the 
side, and, the short suburban traffic at the front of the 
station, the booking-offices, waiting-rooms, &c., being 
as distinct as if there were two stations instead of one. 

As for the engineers themselves, they are wide- 
awake, clever men, up to all we are doing in England, 
and a little more. The Government engineers of the 
Ponts et Chaussées are reckoned rather obstructive,— 
like our own Royal Engineers, disposed to stick where 
they are. It is the independent railway engineers of 
whom we know most, and whom we like best. Whoever 
knows Eugéne Flachat or Auguste Perdonnet—the 
latter, we fear, now passing away—will know that no 
engineers are more fearless and unprejudiced in opinion, 
while they are at the same time deeply skilled in all 
the science and all the practice of their profession. 
But the profession, we are inclined to believe, is not as 
lucrative in France as in England, nor is there so much 
going on. Paris, an inland town, can never possess 
the solid wealth nor carry on the vast individual enter- 
— of London, nor can Havre or Marseilles ever 
1ope to become what Liverpool and Glasgow are. Yet, 
great strides. We, here, open 
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lish railways, but we need only visit Creusot to 
learn of what French industry is capable.. With four- 
teen blast furnaces, and immense rolling-mills, forges, 
marine-engine .and. locomotive factories, and with 
10,000 workmen, Messrs. Schneider can hold their 
own with almost anything in England, the only doubt 
being whether so many and so diverse branches of 
trade are best carried on by a single firm. The great 
French steam companies, the Messageries Impériales, 
with their sixty-three vessels of nearly 20,000 horse 
power and 112,000 tons displacement, and the Com- 
pagnie Générale Transatlantique, with twenty-one 
steamers of 80,700 tons displacement, represent a gréat 
measure of commercial strength, which is rapidly in- 
creasing...These.French steamships—some of them, 
it is true, built upon the Clyde—are doing splendidly. 
The Pereire and the Ville de Paris, although screw 
ships, aré racing the Cunard steamers, and the paddle 
steamship Napoléon IIT. is one of the finest ever con- 
structed, and is of nearly the dimensions of the Scotia. 
The French, too, will hardly fail to profit greatly by 
the extension of their commerce eastward on the open- 
ing of the Suez Canal, which, say what we will, and 
after all national jealousy has been set aside, is one, of 
the greatest undertakings ever attempted and com- 
pleted by man; and so, too, must the’ Mont Cenis 
route, when the. great tunnel is through, open up a 
large trade with Italy, a nation of increasing greatness, 

0 say exactly what we learn in Paris is not so easy. 
England is, after all, the great home of engineering, of 
invention, and of manufacturing industry, and the 
French copy from us, not we from them. We may 
feast our eyes upon imperial magnificence, and own 
that we are still behind the French in the elegant arts, 
but we Englishmen must remain Englishmen, and we 
shall always like best the hard work, the honest 
pleasures, and the substantial success of well-directed 
English life. 


THE CHARING CROSS HOTEL. 

We have not, heretofore, considered hotel manage- 
ment as a subject for criticism in our columns; but as 
probably at least one-third, if not one-half, of our 
readers have, at some time or other, staid at the 
Charing Cross Hotel, and as dinners there are often 
the occasions of most important professional and com- 
mercial appointments, we shall here relate our own 
experience of Thursday week. 

A gentleman, who had been staying four days at the 
hotel, ordered dinner in a private dining-room, and 
invited three or four friends to meet him upon a matter 
of considerable importance. As he was himself to 
return to the hotel at the hour fixed for dinner, it was 








arranged that he would meet us in the vestibule ; but | Pp 


as we rig gps to be two or three minutes late, he 
s room to await us, not doubting that we 

should be shown up the moment we came. On our 
arrival, we asked of the young woman at the bar if, 
we will say, Mr. Lincolnshire had come in. We were 
told, first, that there was no Mr. Lincolnshire staying 
at the hotel; next, however, that there was a Captain 
Lincolnshire from Sunderland; and, as our friend was 
neither a‘captain,; nor from Sunderland, thirdly, that 
the captain’s name, after all, was not Lincolnshire, but 
something else. We didnot then know that our friend 
had been staying at the hotel for four days, and we 
were quite satisfied, therefore, to wait a few minutes 
until he came in. We waited five, ten, twenty minutes, 
at last half an hour, and began to wonder what acci- 
dent could have delayed him ; for we were sure that no 
entleman would thus neglect an appointment, except 
from some cause wholly beyond his control. When at 
last it was clearly useless to wait longer, we went into 
the restaurant and had a very poor dinner by ourselves. 
At eight we returned to our chambers, and found our 
friend’s card with, “7.30, we are sitting down to din- 
ner without you.” We returned to the hotel, showed 
the card to the young woman at the bar, and asked to 
be shown at once to our friend’s room. We were 
coolly told that no such person was in the house. 
After much parley, a porter was found who happened 
to know all about it, and who had indeed been sent 
below repeatedly, and, finally, to our chambers with 
the card, to find us. We were then told by the young 
woman, that although our friend might be dining in 
the house, he was not a lodger there, and had only 
taken a room for the evening. Just then the 
manager’s wife, and a man, who, we believe, was Mr. 
Higgs himself, appeared in the office, and both also 
assured us that Mr. Lincolnshire was not lodging 
there, and that he had only, as we had been already 
told, ‘taken a private dining-room for the evening. 
After we had had a different version from our friend, 
we returned with him below, and were merely told 
that they were very sorry. Mr. Lincolnshire, on his 


return home, writes us that a friend of his, not a 
lodger at the hotel, did take a private dining-room for 
an evening, and asked two professional gentlemen to 
dine with him, and to arrange business of much import- 
ance. To make sure there should be no hitch—for he 
knew the notorious character of the house—he left 
his card, with the number of his room marked on, with 
the young woman at the bar, particularly asking her 
to send his friends up the moment they arrived. A 
few minutes po and after he had returned to 
his room, they came, and were told that no person of 
the name inquired for was in the house, the gentle- 
tleman’s card being at the moment in full view. ..The 
gentleman upstairs and the «friends downstairs then 
waited an hour and a half, and the latter, disgusted, 
went away. 

What would be thought of such a circumstance at 
the Grand Hotel, Paris, or at the Fifth Avenue Hotel, 
New York? Does it occur to the absent-minded man- 
agement of the Charing-cross Hotel that a fool in 
potas is no substitute for a hotel clerk, who should 

not a woman, but a gentleman, and one who has 
seen much of the world, who can be always courteous, 
always firm, always just, and whose memory of names 
and faces is unerring? One hotel clerk at the Astor 
House, New York, could remember and would in- 
stantly salute guests who had been but once before, 
and that ten years previously, in the hotel. In most 
of our great hotels, the first person met by the visitor 
is a woman, and nowhere is a woman more out of 
place than in a hotel office. If we can make any ex- 
ception, it is in favour of the person in the office of 
the Queen’s Hotel, at Manchester; but she is one of 
the very few of her sex who, in such a position, know 
their business. Ordinarily, the office of an English hotel 
of any size is et like the bandolining-room of 
the young ladies at Mugby Junction. Let the hour be 
what it may, the goddess and her attendants are at tea, 
and enjoying a domestic tranquillity upon which the 
tired, hungry, aid impatient visitor must not break 
rudely. In answer toa direct and distinct inquiry, 
he will mect a mild interrogative “ Sir?” and to a sylla- 
ble of hurried remonstrance he will encounter the 
cutting answer and the cold shoulder of offended dig- 
nity. Let these feminine idiots, who might, perhaps, 
make eligible matches for industrious porters and head- 
waiters, be married off and got out of the way as 
quickly as possible, and let us see the right men in the 
right places. 








THE OAKS COLLIERY ACCIDENT. 


We trust we shall not be thought to feel the less 
ain on account of the terrible disasters at Barnsley 
and Talk-of-the-Hill—whereby several hundreds of 
miners have lost their lives by explosions of gas or 
“ fire-damp”—because we do not make them the sub- 
jects of long “ leading articles.” Except as opening 
up a general discussion upon the ventilation of mines, 
they really offer little room for professional inquiry or 
jcomment. It been our own lot to stand often in 
the terrible presence of death by elemental violence 
— often to feel that we were ourselves nearly 
within its jaws — and we have seen and felt for 
the agony, the hopeless misery, of helpless survivors— 
grey fathers, despairing women, and stricken children, 
too young to fully understand their loss. But while 
our columns are not the proper channels for sentiment, 
however deep its sadness may be, we must content 
ourselves by saying, here, that many coal mines will, 
as they are worked, give out occasional rushes of gas, 
and that this must, almost of necessity, mix with the 
air in the mine, even if the ventilation amount to a 
hurricane. And where one reckless miner wi// open 
his lamp, or in any way strike fire in such a mixture, 
death to all in the working must certainly follow. En- 
gineering, nor even fines nor penal laws, can secure men 
from the results of their own carelessness ; and, distress- 
ing as these results may be, we generally read of colliery 
explosions as we do of accidents from the careless use of 
firearms, and, as engineering journalists, we leave them 
to the ordinary channels of publicity, which, of them- 
selves, will commonly carry whatever lessons the ocea- 
sion may afford. For the same reason, we ‘do not, 
like our contemporaries, notice railway accidents not 
involving questions of construction or sound principles 
of working—as from pesemngees jumping out of 
carriages in motion, platelayers and drunken men being 
run over on the line, &c. Even the deplorable break- 
ing of a hoisting tackle and the fall of a girder upon a 

assenger train upon the Metropolitan Railway, on 

ednesday, distressing as the consequences were, 
offers little or no room for professional comment, and 
we must leave the matier to the ordinary vehicles of 
news and to individual attention. 
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STEEL PLATE SHEARING MACHINE. 


MESSRS, WILLIAM COLLIER AND CO., ENGINEERS, MANCHESTER, 
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WE illustrate, above, a machine now in construction at Messrs. 
Collier and Co.'s, of Salford, Manchester, for shearing steel 
= up to 1 in. thickness, and up to 8 ft. broad, at one cut. 

he machine is constructed on the well-known lever principle, 
which, in this instance, has been chosen for the sake of con- 
venience in the arrangement of the gearing. The shearing slide is 
moved by two levers, one at each end of the slide. The levers 
are made of Bessemer steel, and turn on steel pins fastened to 
the cast-iron frame. The back end of each lever is connected 
by «stout connecting-rod to a crank worked by the main gear- 
ing of the machine. The connexion is so arranged as to make 
use ofthe pin only in the return stroke of the lever. The 
working strain is taken by a brass bearing fitted into the head 
of the connecting-rod, and working against the rounded off end 
of the lever. The two cranks working both levers are keyed on 
to the same shaft parallel to each other, and the shaft is driven 
by a large wheel geared into by a pinion on the fly-wheel sbaft 
of the high-pressure engine attached to the machine for working 
it. The frame being made in two standards, with a clear space 
of 3 ft. 8 in. between, it is possible to pass a plate of about 
8 ft. 6 in. wide right across the central part of the machine, and 
cut it in two, whatever the length of the plate may be. The 
arrangement for throwing the shearing slide in and out of gear 
cousists of a small rack and pinion fixed in front of the shearing 
slide. The rack can be moved horizontally by a handle fixed at 
its end, and it is at its two ends attached to two blocks infer- 
vening between the steel levers and the body of theslide. The 
two blocks can thereby be shifted out of their position, and the 
slide thrown out of gear, so as to allow the levers to move up 
and down without the slide being affected by that movement. 
The pinion gearing into the rack is connected with a pin which 
passes through the slide and frame, and suspends the slide when- 
ever it is thrown out of gear with the two levers, so as to pre- 
vent it from dropping down by its own weight. The workmen, 
having set the plate or other article to be operated upon to the 
exact position required, throw the slide into gear with the levers 
by pulling the handle back to its original position, and thereby 

lect the double movement of bringing both blocks into contact 
with the ends of the levers, and at the same time withdrawing 
the suspending pin by means of the pinion, so as to set the slide 
entirely free to the action of the gearing and levers. The 
machine is geared with only one pair of wheels, the rest of the 
transmission of er being due to the difference of leverage, 
which is 1 to 3. The engine is to be driven at 120 to 150 revolu- 
tions minute, with about 501b. of steam pressure. The 
total weight of this machine is about 18 tons. 


THE LAW OF THE DRAWING OFFICE. 
To tue Eprror or ENGINEERING. 

Srr,—My attention has been directed to a letter of Mr. Bire- 
kel, in your last number, wherein he states (in defence of the 
right assumed y him of availing himself of the knowledge ac- 
quired in the offices of his employers, and publishing the results 
without their consent), “that prior to being with Messrs, 
“ Forrester and Co., I was fora number of years principal draughts- 
“man to Mr. Fairbairn, of Manchester, and have published a 
‘number of subjects designed by me while there, without my 
* right to do so ever being challenged.’ 

From this it may be inferred that I was a consenting party to 
such practices; on the contrary, 1 knew nothing whatever of 
his proceedings after he left me. He applied for the drawings 
of the first landing stage at Liverpool (designed by the late Sir 
William Cubitt and myself) for publication, to which I con- 
sented. This did not, however, involve the right of using those 
drawings for such a purpose without my consent, and I de- 
cidedly condemn the principle advocated by Mr. Birckel, as in- 
consistent with that feeling of confidence which should exist be- 
tween employers and employed. 

1 am, Sir, 
Your obedient Servant, 

Manchester, December 16, 1866, W. Faresarrn. 





NOTES FROM INDIA. 


Ir being reported that the boat harbour at Beypore, 
in course of construction, holds out no promise of 
proving a success, Government and the railway 
authorities have determined to suspend operations at 
that port; and the question of extending the railway to 
Calicut, indisputably the more suitable spot for a 
terminus, has again come under discussion; but while 
cordially approving of the scheme, the local executive 
poe out that the directors of the railway company at 
1ome must initiate it. A proposition has been made, and 
received favourably by Government, to render certain 
portions of the embankments on the North-West Rail- 
way line, beyond Gooty, available for water storage. 
Sanction has been granted for large expenditure on 
road-making for the benefit of the Neilgherries. 

The Governor-General being given to understand 
that the general opinion of the engineering profession in 
India is adverse to the use of cast iron pot sleepers, 
especially for high rates of speed, a communication has 
been addressed to the Secretary of State with a view 
of eliciting any facts as to the suitability of such 
sleepers, derived from experience of their use on the 
Egyptian and South American railways, and elsewhere. 
The representatives of the various railway companies 
in India have been invited to favour the Government 
with such experience as may be available, or as may be 
possessed by any members of their engineering staff, of 
their use on Indian railways or pa ag These 
sleepers are in extensive use on the Madras and 
Punjab railways. Their employment on the Delhi 
Railway has been arranged for, and they have been ex- 
perimentally used on the East Indian Railway. The 
smoothness of the road, the wear and tear of rolling 
stock, the proportionate number of breakages under 
ordinary and express speeds, with other particulars as 
to renewals, and the frequency of accidents under 
different speeds compared with lines laid with good 
timber sleepers, the ballast and packing used, are the 
chief points on which information is desirable. 

The Englishman hears that a fine is to be imposed on 
villages within whose limits attempts to upset railway 
trains are made; the fines to be of an amount not 
exceeding one year’s Government demand, such fines 
to be assessed on all the inhabitants in proportion to 
their means, and to be realisable by the same process as 
arrears of revenue. 

The ye recently made by the Nerbudda 
Coal and Iron Company with the Great Indian 
Peninsula Railway Company for a supply of coals is as 
follows : 300 tons per week from Nisech Ist, 1867, 
to the end of 1868, at 12 rupees per ton; 500 tons per 
week throughout the year 1869-70, at 10 rupees per 
ton ; 600 tons per week throughout the year 1871, at 
9 rupees per ton; and 600 tons per week during a 
period of 15 years from the Ist January, 1872, at a 
reduction of 20 per cent. upon the minimum price 
per ton at which the coal company may at the time 

selling coal of the same quality. 

_ The Oriental Gas Company, which was the first to 
introduce gas into India, have, during the past year, 








added 541 to the number of public lamps, and there 
remain about 200 of the existing contract yet to be put 
up. An increase of 2002 burners to the private lights 
has also taken place during the same period. The 
large addition of the company’s business, and the 
prospect of a still further increase, have induced the 
directors to appoint a committee to represent the 
undertaking in Calcutta. 

The first train ran into Delhi city on the morn- 
ing of the 24th October. Colonel Hamilton, com- 
missioner, Colonel H. P. Christie, R.A., Captain 
McMahon, Mr. Sibley, chief engineer, Mr. Boycs, 
resident engineer, and some other gentlemen went 
across the bridge on a trolly early in the morning, and 
returned by the first train, Mr. Boyes leading the way 
on the engine. 

The Zimes of India, of November 13th, says: “ The 
“ latest date from Great Britain by the Indo-European 
“ Telegraph is November 10th. Great irregularity still 
“ prevails in the working of the line, interruption of 
“two or three days’ duration being of frequent oc- 
* currence.” 








MACINTOSH’S SUBMARINE CABLE. 
To THE Eprror oF ENGINEERING. 


S1r,—In the article devoted toa criticism of my cable in your 
number of the 7th inst., after stating that “it would be a real 
improvement, if practical, to dispense with all joints” in the 
conducting wires, you say, ‘* His” (my) “‘ conductor is formed 
‘“‘ of a number of fine wires breaking joint without soldering, 
“ and bound firmly together in a evlindrical form by ribbons of 
* copper. But this is not practical with any form of cable but 
“ his own, and, from the. limited source of information we pos- 
‘“ sess, we cannot say that it is even practical with his.” 

In the first place, I have to point out that in my pamphlet the 
statement is as follows: ‘I lay together any number of wires, 
“ without soldering, but so as to break joint, passing the strand 
“ through a grooved roller to give it a cylindrical form, and I 
‘‘then bind the wires firmly together with ribbons or fillets of 
“ paraffin compound, or a film of collodion, or by means of a 
“ ribbon of copper.” In the article referred to, the last method 
(and the one which I consider the least advantageous) is alone 
inentioned. In my patent, dated 12th September, 1865, the use 
of the collodion film or of ribbons of insulating material for 
firmly binding together the longitudinal wires forming my con- 
ductor is fully specified, and the mode of binding the wires to- 
gether by means of a ribbon of copper is not even mentioned. It 
may be a question whether this mode is practical ; I am of opinion 
that it is, but I do not consider it by any means so advantage- 
as the use of the impervious, highly insulating, and contractile 
film of collodion, by which conductors, single or compound, may 
be covered, and which binds the wires of the latter firmly 
together in an operation at once simple, expeditious, and inex- 
pensive, constituting the first step in the perfect insulation of 
the conductor. And next, in advantage to this process is the 
binding the compound wire by ribbons of fillets of insulating 
material, as mentioned in my pamphlet, and specified in my 

tent. 

I do not believe that any one who takes the trouble to in- 
vestigate with due care and without prejudice the ‘facts and 
figures” upon which my conclusions are based will find that I 
have in any way allowed myself the ‘visionary license of the 
poet.” The same phrase, if I remember rightly, was used in 
respect to Jacob Brett, the father of submarine telegraphy ; 
and, very shortly after, the Zimes was forced to admit that 
“the jest of yesterday had become the fact of to-day.” 

Joun MAcrxtosi. 

Crayen-chambers, 10, Strand, W.C., December 19, 1866. 
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THE AMERICAN DOVETAILING MACHINE. 


CONSTRUCTED BY:MESSRS. GREENWOOD AND BATLEY, LEEDS. 


EIG,.L 


T 


———/ 


i, 


E 
———_—__ 


7 


om — 


a 


THE ingenious American machine, of which we now give 
engravings, is one which is capable of many useful applications. 
Its object is to cut a board in two, shaping at the same time the 
cut ends so as to leave on one piece a dovetail tongue, and on the 
other a dovetail groove, into which the tongue first mentioned 
will fit. The form of the cut is shown by Fig. 3, whilst Fig. 4 
shows the manner in which the two pieces of board can be put 
together. The joint thus made is perfectly square and water- 
tight, and in consequence of its form, it is complete in itself, and 
— neither glueing up nor nailing. . 

‘igs. 1 and 2 show two forms of the machine, the former 
being intended to be driven by engine power, and the latter by 
hand, The cut in the board is made by a series of cutting 
tools, in form like chisels or gouges, which act consecutively, 
each taking asmall cut; these tools being mounted in a slide, 
which is moved backwards and forwards by means of a rack an 
pinion. . The plank to be cut is passed into the machine through 
the opening, A, until the point at which it is to be cutis brought 
into a line with the cutters. It is then secured by means of the 
clamping screw, B, and the hand wheel, C, being turned rapidly, 
tlie slide frame, D, carrying the cutters, E, is traversed longi- 
tudinally, and the cutters made to act upon the wood, dividing 
it as we have already mentioned. In the machines driven by 
engine power, the tools, after having made acutting stroke, 
return and stop in their original position, the whole operation 
only occupying a few seconds. 

As we Tas already stated, the cutters are made to operate 
upon the wood consecutively, and their arrangement and the 
order in which they act are shown by Figs.5 toll. Cutter No. 
1, shown in Fig. 5, is a preparatory Y-cutter, for cutting a 
V-groove in the board, so as to clear the way for the Y-cutter No. 
2, » eae in Fig. 6. This cutter, which is by preference formed 
of two separate blades placed at an angle and meeting at the 
apex, separates the ful if in one, into two pieces, and at the 
same time forms two bevilled surfaces, of which a is the mitre 
surface required for the piece in which the dovetail groove has to 
be cut, whilst so much of the other piece has to be cut. away 
from the upper and lower edge as will leave only enough mate- 
rial for the dovetail tongue. The mitre faces of the tongue are 
cut by the cutters 3, 4, and 5, shown in Fig. 7; the cutter 3 
operating first, and making an incision corresponding with the 
one side of the surface of the dovetail, C, whilst the cutter 4 cuts 
one portion of the mitre surface, 6, and at the same time ‘clears out 
the part thereby cut away. The Y-cutter 5 at the same time 
cuts the other side surface of the tongue, C, and the other 
portion of the mitre surface, b. The cutters 3 and 4 may be 
made at once to finish off the surfaces upon which they act, in 
the same manner as the cutter 5 does; but it is preferred to 
make them act as preparatory cutters, and to finish off the sur- 
faces by means of a second set of precisely similar cutters, 6 and 
7, shown in Fig. 8. The groove, D, is-next formed by the suc- 
cessive action of the cutters 8, 9, and 10, in Fig. 9, the cutter 
8 cutting the one side of the groove, whilst 9 cuts the other 
side, and 10 cuts the bottom of the groove. In this case, also, 
it is preferred to make the cutters 8, 9, and 10 act as prepara- 
tory cutters, in order conveniently to clear the part cut away 








out of the groove, the finishing cuts upon the three surfaces 
being performed by the cutters shown in Figs. 10 and 11, of 
which the cutter 11 finishes the one side surface, the cutters 
12 and 14 finish the bottom surface, and the cutter 13 finishes 


the other side surface. In order to make the shavings clear 
readily out of the groove, the edges of the cutters acting upon 
the side surfaces pass beyond the cuts made by the cutter act- 
ing upon the bottom surface, and vice versd, and all the follow- 
ing cutters, 4,7, 10, 12, and 14, are curved forward, so that 
their action may follow closely upon that of the cutters 3, 6, 9; 
11, and 13. e cutters are held by stocks, which are 
adjustable bo the sliding-table, O, the bolt holes being formed 
slotted for that purpose, so as to of the cutters being 
shifted tocut wider or narrower grooves and tongues, according 
as the boards to be acted upon are thick or thin. 

The machines which we have described are now in extensive 
use in the United States, where they are being employed for 
making all kinds of boxes, tea-chests, ing-cases, &c., as 
well as for various kinds of joiner’s and cabinet work. They 
are being made in this country by Messrs. Greenwood and Batley, 
of Leeds, and our engravings have been prepared from draw- 
ings with which we have been supplied by Mr. J. W. Grover, C.E., 
of 80, Duke-street, Westminster, who is a proprietor in the 
patent, and at whose offices one of the machines is at work. 


( 








WuitwortH ORDNANCE.—Some time ago we described and 


illustrated Mr. Whitworth’s plan for compressing steel imie- 
diately after its being run into moulds for the manufacture of 
cannon, hollow projectiles, and various other articles. Another 
tent has since been added to those previously taken out by 
r. Whitworth, and experiments are now being made -at the 
Chorlton Street Works for perfecting this improved treatment of 
steel in making ordnance. An hydraulic press, capable of 
exerting a pressure of 2000 tons, has been laid out for this manu- 
facture. The steel manufactured at the Chorlton-street works is 
all made in pots, and melted in coke furnaces; but the intro- 
duction of Siemens’s gas furnaces is now under consideration, 
and will in all probability be effected at an early date. The 
results of experiments hitherto made of casting steel under great 
espe or rather of compressing steel in its liquid state, have 
en most satisfactory. The entire absence of air bubbles and 
spongy parts in the metal, and the strength of the steel so pro- 
duced, give to these castings the same nature and character 
which steel acquires by the of hammering or rolling. 
The precise method of this manufacture and the plant by which 
it is carried out is being kept secret as yet, until the first sta;:es 
of experiment and study shall have been through. 
Cast-1ron Bours.—Mr. Jaffrey, of epool, has sent us 
(by parcels post, and in excess of the limitation to 24 0z.) a nut 
and bolt made of the mixture of cast iron and forge bottoms re- 
ferred to in a letter of his from which we made extracts in our 
article last — on “Cleveland Iron in the gon, Pr 
iron is wonderfully strong. With a sharp steel and striking 
with considerable force, we have knocked off pay ieces of the 
screwed , which is an excellent one, but here the 
iron battersand bends. The iron cuts very solid and clean. 
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BOILER-FLUE JOINTS. 

Tue experiments of Mr. Fairbairn upon the power of resist - 
ance of tubes to external pressure showed most conclusively the 
necessity which existed for strengthening the internal flues of 
long boilers of the Cornish class, by some means which would 
give them increased stiffness. For this porpens rings of iron 
placed at intervals have been ~ e ly sam and Mr. 
Adamson, the well-known boiler- r, of Hyde, near Man- 
chester, has adopted a system of flanged joints for the flues of 
the boilers made by him, which we illustrated at page 199 of our 
last volume. Another method of strengthening boiler flues, 
which is illus w. This 


es several Wye 
plan, the patent for which is held by the Bowling Iron Company, 






FIG. 1. 


‘ 


Fic. 2. 


iF 


\\ ag 
‘| 





consists in the applleaticate the flue of weldless hoops, of the 
section shown in Fig, 1, these hoops forming the transverse joint 
strips, as will be seen from Fig. 2. From the section of these 
| rings they not only give the n stiffoess to the flue, but 
| impart to it a certain amount of longitudinal elasticity, which 
reduces the strain thrown upon the end plates of the boilers by 
the unequal expansion of the flue and sh The weldless hoops 
are rolled by the Bowling Iron Company to any required diameter 
or section. 


Tae LATR Mrs. Locke.—The estimable widow of the late 
| Mr. Joseph Locke, C.E., M.P., and who has done so much to keep 
| alive the public memory of the worth of that eminent engineer, 
| died on Saturday last, at her residence in London. 
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saeiieamicen 
The Engineer's and Contractor's Office Sheet and Engineer- 
ing Almanask for the year 1867. Lockwood and Co. 
Here are forty-eight well-filled pages of that kind 
of matter which is in most constant reference by 
engineers and contractors, spread out upon a single 
sheet about 30 in. by 25 in. in extent. There are the 
usual calendar, tables of stamps, and postal rates, and, 
besides these, memoranda relating to standing orders, 
and the Board of Trade regulations with regard. to 
railway construction. Besides these are several of the 
most useful formule, and tables for measuration, in- 
cluding a table of segmental areas ; formula and tables 
applicable to the calculation of the power of steam- 
engines, the velocities of falling bodies, the strength 
of girders, columns, cranes, iron roofs, proportions of 
gearing, strength of lock-gates, discharge of water 
through pipes, over weirs, and along channels, formule 
for turbimes, and tables of efficiency, weights of bar 
and plate iron, proportions for, and notes upon, mortar 
and cement, brickwork, &c. The work appears to 
have been carefully compiled from many sources, 
the compilation being guided by sound theoretical 
and practical knowledge, and its character may be 
expressed by a comparison with (although it is in no 
respect an appropriation from) Molesworth’s Pocket 
Book, if spread out upon a single sheet. As we write 
under the conviction that the readers of this journal 
know well its out-spoken and perfectly independent 
character, we are able to praise this really useful sheet 
all the more warmly than we could if, as is too often the 
case elsewhere, dooce patchwork and _paste-and- 
scissors work, of which there is so much, were Fabitually 
exalted in our columns. We have checked many of 
the formule, and find them to have been selected from 
the latest and best authorities. Even the calendar is 
useful, but it is not absolutely correct. Thus, it was 
not in 1863, but in 1862, that the Monitor and the 
Merrimack fought in Hampton-roads ; it was not Mr. 
J. Braithwaite, but his brother Frederick, who died in 
February, 1865 ; the year of the trial of the Warrior, 
when she is said to have made only 11.04 knots an 
hour, is not given ; the trial of Messrs. Merryweather’s 
steam fire-engine, at Saltaire, is hardly a matter for an 
engineer’s calendar, &c. But these are minor faults, 
aa do not lessen the substantial value of the work. 


Blast Engines, containing Plates to Scale of large Working 
Drawings. By H.C. Couurnarn, C.E., M.E. London: 
Atchiey and Co. 

Mr. H. C. Counrmarp, the author of the work of 
which the title is given above, isa member of the well- 
known firm, Messrs. William Coulthard and Sons, of 
the Park Ironworks, Blackburn, and the book contains 
the results of his experience in the construction of 
blast engines. The author commences with a general 
consideration of the various points bearing upon the 
selection of a blast-engine, and gives his reasons for 

referring the system of providing a quick-running 

Teostegion engine for each furnace to that in which 

a single beam-engine of large size is employed for 

doing the whole of the work. Then follows a descrip- 

tion with specifications of an engine on Slate’s patent, 
erected by Mr. Coulthard, at the works of Messrs. 

Bagnall and Co., Grosmont, Whitby, this description 

being accompanied by five plates of the principal de- 

tails, drawn to 4 large scale. The next engine de- 


scribed is one designed by Mr. E. A. Cowper, for | 


Messrs. Cochrane and Co., of the Ormsby lronworks, 
Middlesboro’, at whose works two engines of this class 
were erected by the author. A complete specification 
of this engine is given, together with eight large ae 
of details. The last engine described by Mr. Coulthard 
is his own “ ball-valve” engine, a description and en- 
gravings of which appeared i our first volume (vide 
pages 18 and 19), this — having the air-valves 
of the blowing cylinder each composed of a number 
of balls. covered with india-rubber or other elastic 
material, and these balls rolling to and from their seats 
an slightly inclined planes ~paced to receive them. 
The construction of this, as of the other engines, is 
illustrated by plates showing the arrangement and 
details. ; 

To the description of the blast-engines Mr. Coult- 
hard has added an account of the general furnace 
plant of the Frodingham Ironworks, accompanied by 
engravings, showing the construction and arrangement 
of the furnaces, heating-stoves, water-heater, and 
blast-engines, these last being of the “ ball-valye” class 
just spoken of. The whole work is got up in excellent 
style, and the plates are of large size, a scale of 1} in. 
to 1 ft. being adopted for the smaller, and a scale of 
2 in, to 1 ft. for the larger details. 


Earthwork Tables for the Use of Civil Engineers, Contrac- 
tors, §c. By Henry Law, Civil Engineer. London: 
Simpkin, Marshall, and Co. 

Tuese are aseries of tables, arranged in a convenient 
and compact form, for facilitating the calculation of 
the contents of excavation and embankments, and for 
other purposes. The tables are constructed so that 
by their use the process of multiplication is rendered 
unnecessary, and that of addition substituted; and 
they are supplemented by examples, showing the manner 
in which they are to be employed. 








RECENT PATENTS. 

Tue following specifications of completed patents 
are alk dated within the present year, and the year 
1866 should be given in ordering them, at the 
annexed prices, from the Great Seal Patent Office, 
Chancery-lane. 

(No. 1109, 8d.) William Webb, of Smethwick, near 
Birmingham, patents casting brass, or shrinking brass 
rings, around an iron or steel tube, in making ordnance. 
This is not, we think, quite new. 

(No. 1112, 8d.) Messrs. Charles Hastings and Co., 
of Bradford, patent a mode of lubricating the spindles 
of “cap” spimning-frames. The spindle is made fast, 
or “dead,” the cap is fixed to it, and the bobbin is 
carried on a tube revolving around the spindle. An 
open cup is formed on the top of the cap, and a groove 
is made down one side of the dead spindle to carry the 
oil to the revolving tube. 

(No. 1116, 4d.) John Leigh, of Manchester, patents 
purifying coal gas by passing it through, or showering 
it with, ammoniacal liquor, either in’ its crude state or 
concentrated by distillation. The liquor may be 
treated with quicklime to take up the carbonic acid, 
or with refuse lime from gasworks, and in some cases 
sulphur is to be dissolved in it to increase the 
energy of its action upon bisulphide of carbon: 

(No. 1121, 4d.) George Heseltine, of 8, Southampton- 
buildings, Chancery-lane, patents forming plates by 
piling and rolling iron and steel bars together, the 
steel being placed so as to be on the outside of the 
finished plate. Bars thus rolled from a compound pile 
are to be again piled and rolled into plates, the bars 
being previously subjected to mineral acids to remove 
the scale left by rolling. 

(No. 1129, 8d.) A. V. Newton, of Chancery-lane, 
as the agent of an American inventor, patents the step 
grate, long known and used, but possibly with some 
modification of detail. The object appears to be to 
support a distinct portion of fuel upon each step, and 
to admit air over the surface of the fuel through open- 
ings in the rising portion of the step. 

(No. 1134, 10d.) J. H. Wilson, of Liverpool, 
patents the application of salt-water casings to ships’ 
galley stoves, the steam being condensed by a worm, 
and the distilled water employed as required. 

(No. 1136, 10d.) G. E. Donisthorpe, of Leeds, 
patents a further mode of getting a good “ holding” 
for his coal-cutting machines. He forms shallow 
ttansverse grooves in the roof of the working, and 
also in the floor. Guides, or holding-pieces, having 
wheels or rollers at their outward extremities, are at- 
tached to the movable part of the machine, and thus 
the movable part can work laterally along the face, 
still holding firmly, When the mevable part has com- 
| pleted one traverse, the machine is to be run further 
in, and fresh holding-grooves cut as before. 

(No. 1137, 10d.) John Player, of Stockton-on- 
Tees, patents the hot-blast stoves which we lately 
| Mouateeted. The flame from the furnace first passes 
into a combustion-chamber, and escapes thence, through 
openings in a brick arch, into the pipe-chamber above. 

(No. 1146, 1s.) _Huch and Windhausen, of Brans- 
, Wick, patent a real novelty in steam engines. The 
| cylinder is to be mounted on trunnions, and to con- 
tain a heavy piston, having no piston-rod. When the 
cylinder is nearly vertical, steam is be let under the pis- 
| ton, driving it to the top of the cylinder, and the whole 
lis then to tumble over on the trunnions by the pre- 
jponderance of weight, when a fresh dose of steam is 
| to be let in to repeat the operation, and so on succes- 
|sively. ‘The details are ingeniously worked out, 
| although the scheme appears to us hopeless. 
(No. 1151, 8d.) J. i Ryo-Catteau, of Paris, pa- 
tents a new mode of retarding the bobbins of spin- 
ning-frames proportionately to the rate of winding on. 
We could not well explain the machine without draw- 
ings, and it is not of importance toa sufficient num- 
ber of our readers to do this; but there are many 
who will do well to procure the specification itself. 

(No. 1152, wa) Robert Thompson, of Woodland- 
road, New Charlton, Kent, patents machinery for 
veneering mouldings, and which could not be fully 








'| Vestry. 





understood except from drawings; but the veneer is 
to be pressed bodily upon the moulding, the latter 
previously covered with glue. We should expect the 
veneer to split, but the inventor, who has perhaps 
tried the operation, does not appear to anticipate this 
difficulty. 

(No. 1156, 4d.) G. F. Russell and W. H. Carbines, 
the former “of Piccadilly,” patent making gas from 
nut-shells, fir-cones, &c. No doubt good gas might 
thus be obtained, but there is the question of supply 
and cost of the materials. 

(No. 1158, 8d.) Captain the Hon. A. A. Cochrane 
patents an addition to the water-tube boiler used in the 
American navy. A water-bridge is brought down in 
front so as to partly throttle the escape of heat, and 
the vertical water-tubes, spaced a — distance apart 
at the back of the furnace, are close together as they 
approach the smokebox. This is all a question of 
calorimeter, and Captain Cochrane, if he. has not 
already done so, would da well to read the first volume 
of Mr. Isherwood’s new papers on steam-engineering. 

(No. 1162, 4d.) Captain Cochrane, also, in con- 
junction with Mr. Upward, of the Chartered Gasworks 
(Brick-lane station), patents the substitution of Trini- 
dad or other hardened bitumen in place of Boghead 
coal, or cannel, for raising the illummating power of 
ordinary coal gas. 

(No. 1163, 10d.) G. E. Noone, of Hastings, patents 
improvements upon a former patented process of his 
for deodorising sewage. The specification describes 
an extensive series of settling and separating tanks, 
and the liquid portion of the sewage is to be heated in 
order to treat it with deodorising matters—it is not said 
at what expense for fuel—one ton of coal being re- 
quired for heating to the boiling point the daily sewage 
of every 600 or 700 persons. of the population, or, say, 
40,000 tons of coal yearly for a town of the size of 
Brighton. 








Our CLEVELAND ARTICLES.—We reprint the paragraph 
below from the Middlesbrough News, in order to correct a some- 
what common notion that the conductor of this journal is the 
‘*caleulating-boy” who attracted some attention in London in 
1813-20. Zerah Colburn, the “ calculating-boy,” died in March, 
1839, at Norwich, Vermont, U.S., where, for several years, he 
had been professor of ancient and modern languages, in a mili- 
tary college, known as Norwich University. The writer is his 
nephew, and can lay. no claim to any extraordinary power of 
mental calculation: “An ironmaster informs us of a surprising 
feat of memory in connexion with the articles which appeared 
in ENGINEERING last week, and which we are reprinting. 
When Mr. Colburn, the writer of the articles, was down in 
Cleveland looking up ‘ matter,’ he never made a single note, and 
for the faithful narration of the facts in his articles he has 
trusted entirely tomemory. When we-consider the characteriof 
the articles and how minutely they enter into particulars, giving 
sizes and details of works, the feat is truly wonderful. Mr. 
Colburn, who is an American, caused some excitement in sci¢n- 
tific circles some years ago in consequence of his marvellous 
ee of memory and his execution of most difficult problems 

y mental arithmetic.” 

To Our CorrEsPonDENTs.—We must again beg of our cor- 
respondents who have not regarded previous notices to the same 
effect, to write to and speak of this journal as ENGINKERING, 
and not as The Engineering, a solecism committed by many 
who would never think of saving The All the Year Round’ or 
The Punch. Occasionally, Mr. Colburn is addressed as ‘* Editor 
of The Engineer, London,” and that.by correspondents intend- 
ing, as did Mr. Mushet, to send their communications h¢re. 
This week our publisher has been asked to attend at The Engi- 
neer office, to. see such a letter opened. We instructed bur 
solicitor to call and claim the letter; but as he refused to have 
it opened, or te recognise that act, Mr. Healey, the editor of 
the paper, opened it, and declared that it was intended .for 
himself, presumably because it contained matter for a news- 
paper instead of being upon purely personal business. Our 
correspondents will, we’ trust, take care not to misdirect their 
letters, nor to indulge in that, to us, unaccountable surplusage, 
the prefix “The,” which so often confuses this paper with The 
Engineer. ; 

Curttep Wxeers.—On Tuesday, a 33in. chilled railway 
wheel, cast by Messrs. Barnum, Richardson and Co., of Liine- 
rock, Salisbury, Connecticut, U.S., was broken at the locomo- 
tive works of the North London Railway, at Bow, in the presence 
of several English and American engineers, among the latter 
Mr. W. W. Evans, of New York, late engineer to the Chilian 
and Peruvian lines, and William J. McAlpine, one of the most 
distinguished men in the profession in America. A strong 
workman was armed with a 28 1b. hammer, and Mr. Evans 
offered him half a sovereign to break the wheel, knowing, of 
course, that a sufficient number of blows would break it. When 
the man had tired himself out, other men were set on, and the 
reward increased to a sovereign. After the hardest pounding 
the wheel began to give way, fhe flange going, unwillingly, in 
pieces, bit by bit; and after nearly three hundred blows the 
wheel was declared demolished, and the money divided among 
the victors. Such wheels are invariably used for the leading or 
truck wheels of engines of every class in the States, as well as 
for the whole passenger and goods stock. 

METROPOLIS Gas.— The £ and sweeping gas bill, 
deposited “ by order of the of Trade,” is the production of 
Mr. Hughes, ‘O.E.; and Mr. Beales, the latter of the St. James’ 
The gas compaties, by a deputation, which some time 
ago waited upon the Board of Trade, have consented to a pfice, 
in some cases, of 3s. 6d. per thousand, and’ to a mifmum 
illuminating power of fourteen candles, 
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THE INSTITUTION OF CIVIL ENGINEERS. 
To THE Eprror OF ENGINEERING. 

Str,—As there can be no motive in ignoring the fracas which 
occurred at the general meeting of the Institution of Civil Engi- 
neers last Tuesday evening, or in refraining to name the parties 
in a dispute which has already gained such wide notoriety, I ask 

our permission to state the impression which the circumstance 

as produced upon my mind, and I venture to say upon the 
minds of nine-tenths of the persons who have been similarly sur- 
prised by the revelation of these animosities. 

Mr. Bidder objected to the re-election of Mr. Scott Russell as 
a member of council, on the ground that a correspondence had 
come to his knowledge which had been carried on between Sir 
William Armstrong and Mr. Scott Russell respecting. certain 

ns, and that as this correspondence gave evidence that Mr. 

ussell was deficient in those qualities of honour and integrity 
whieh ought to characterise a member of the Council of Civil 
Engineers, that he objected to Mr. Russell’s re-election. Mr. 
Bidder produced the letters ou which he grounded his accusa- 
tion, and wanted them to be read te the meeting, which, how- 
ever, was not done; and Mr. Russell stated that he courted the 
fullest inquiry, and that having for some months past heard of 
clandestine whispers to his disadvantage, he was now glad to 
find that there was some one who was willing publicly to 
identify himself with them, if not to accept their paternity. 

Now, while I am as ignorant as most of the meeting mani- 
festly were as to the precise nature and ground of these accu- 
sations, and cannot venture to anticipate how far they will be 
sustained or exploded by fuller inquiry, I am sure I express the 
feeling of nine-tenths of the Institution when I say that the 
charge—be it well or ill founded—has been brought forward by 
Mr. Bidder in a most irregular, inconsiderate, and indecorous 
way. Did he expect that a crowded and tumultuous public 
meeting was to sit down and investigate the various shadowy 
charges arising out of a long correspondence? And if he did 
expect this, was his intention merely to bespatter his opponent 
with mud and to hold him up—pending a proper investigation— 
to public opprobrium as a person destitute of common integrity ? 
If this be Mr. Bidder’s design, he plays a most dangerous game, 
and he does not sit so securely upon his throne as to be exempt 
from all risk of being himself precipitated into that limbo which 
he has prepared for Fis opponent. But not only has his conduct 
been indelicate so far as regards himself, and unjust as regards 
Mr. Russell, but it bas been insulting as regards the council, 
which, by his public appeal to the members, he has in reality 
sought to override. If Mr. Bidder had any charges to bring 
against Mr. Russell, why were they not first brought in a formal 
and official way before the council, so that the council might 
have an opportunity of deliberating respecting them, and of 
guiding its action accordingly? It is not to be supposed that 
the other members of the council would have consented to sit 
with Mr. Russell, if there appeared to be good grounds for 
concluding that he was the swindler Mr. Bidder pretends; 
and if he had been found out to be, such means would, no 
doubt, have been taken for bringing about his withdrawal 
without evoking a public scandal and shaking the Institu- 

tion into ruins. Mr. Bidder, indeed, says that the matter 
was brought to the knowledge of the council, which, however, 
several members of the council denied, and Mr. Abernethy, one 
of them, stated that although he and others had been in- 
dividually invited to read the letters, yet that he refused to do 
so, or to listen to accusations of any kind which were not 
brought before the council in a regular and tangible form, and 
this Ee stated had never been done. There is no one who will 
not fully approve Mr. Abernethy’s action in this matter. There 
is no one who will approve the > of whispering men’s 
character’s away. If, unhappily, Mr. Bidder’s perceptions are 
so imperfect as to hinder him from perceiving the delicate lines 
which guide the conduct of gentlemen in such affairs, he must 
be taught what is fitting, and be put and kept in his proper 
place by the coarse agencies proper for the control of coarse 
natures. The Institution of Civil Engineers cannot submit to be 
dragged through the mud by him. It cannot allow the public 
to suppose that the person who has been guilty of such gross 
indecorum is one of her representative men, her moral guardian, 
her elected censor; nor can she afford to have it supposed that 
aman of Mr. Bidder’s moderate intellectual calibre towers so 
much in talent and virtue over all his associates as to be dis- 
pensed from the observation of those rules of common courtesy 
which are indispeusable to lower mortals. Nor is this all. In 
whatever way the inquiry now remitted to the council may 
end, Mr. Bidder must be held deserving of blame for the im- 

roper way in which he has brought the accusation forward. 
That result is inevitable. But if it should further appear from 
the inquiry that the charge of such dishonesty as should pre- 
vent Mr. Russells re-election is one that cannot be snstained, 
that there are private griefs and animosities at the bottom of 
the affair, and to the gratification of which Mr. Bidder has 
made his accusations subservient, then I for one will so lay on 
the lash as to make even his thick hide bleed at every line. 
Then will he find whether he is indeed the Colossus for which 
he takes himself, or whether he is not rather a small statue 
sag by accident on a tall pedestal, and made all the smaller 

or the elevation. 

Iam, &c., 


DETECTOR. 








Tue InstiruTION or Crv1. ENGINEERS.—As every mem- 
ber of the Institution will have received his official abstract of 
the annual report of the council, we need say no more than that 
it stated the great improvement made in getting the transac- 
tions to press, touched upon the unsettled proposal for a new 
building, upon the proposal to.take in a junior association of en- 
gineers under the government of the Institution; upon the 
allotments of space, by the council, in the engineering depart- 
ment of the Paris Exhibition; and gave statements of the num- 
ber of the members, and condition of the funds. There were 
1339 members of all classes on the 30th November last, and 
the total receipts for the year were 6299/. The total expenses 
were 4284/., and 2971/. had been securely invested. ‘The total 
funds of the Institution were 26,709. A list of deceased 
members and associates was given, and also the premium list, 
Which we some time ago published, 


LOCOMOTIVE ENGINES. 
To tHe Eprror or ENGINEERING. 


Srr,—It is not my wish to prolong the correspondence on this 
subject, or to. enter upon a controversy with Mr. Fairlie. It is, I 
think, quite plain from his mode of handling my former re- 
marks, that there would soon be an ample field for disputation, 
and I will, therefore, with your permission, simply draw atten- 
tion, as briefly as possible, to one or two points upon which I 
must still consider your able correspondent is much mistaken. 
In the first place, I would observe that this subject is not quite 
of “ so pou and unusual” a character as Mr. Fairlie would 
make it appear, in proof of which I need only refer him to your 
own article on ‘‘ Locomotive Designs,” which appeared. in ENG1- 
NEERING of 26th January last. 

Secondly, it may be as well to correct him in the assumptions 
with regard to myself, which occur in several places in his letter. 
I am not of the speculative turn of mind, which he seems to 
have taken for granted. I have never been a shareholder in the 
L. and N. W. Company ; nor, as I stated in my first letter, have 
I the least personal connexion with that concern; while my ex- 

rience of railway working has not been of the kind he imagines, 

ut, on the contrary, has included some knowledge of perhaps 
the heaviest gradients in the kingdom. 

Thirdly, Mr. Fairlie’s reference to the Great Western, as 
being, with the exception of Box Tunnel, nearly level, must, I 
apprehend, be classed with some other of his ‘* assumptions,” it 
being a fact that, as it stands to-day, that line is perhaps the 
heaviest of the four large lines which he mentioned in his first 
letter, by which I mean that the average of its gradients will be 
found to be heavier than any of the other three lines, while on 
several of the branches belonging to the G. W. R. the gradients 
reach as much as 1 in 45, and in one case even 1 in 28. Mr. 
Fairlie must surely have blotted out of his remembrance the 
Brimscomb, Evershot, Wooton Bassett, and other inclines on 
that railway. : 

I will not trespass upon your space or upon the patience of 
your readers, by attempting to follow Mr. Fairlie in his elaborate 
mode of trying to prove my former statements to be incorrect, 
and so far as regards my own ‘‘acquaintance with the broad 
principles of the subject,” I am quite coutent to leave those 
statements and their criticism to the impartial judgment ‘of 
practical railway men; but I do object to his continued reference 
to engines and tenders built “ fifteen” and “many” years ago, 
while we are discussing those of present construction, as also to 
the Great Western (broad gauge) goods engines oe in 
justification of his views. If the broad gauge is to be brought 
into the argument, what will become of his calculations of tare 
and load, I cannot pretend to say, but they would certainly 
require modification to a large extent. ee ; . 

Next, as regards the L. and N. W. Exhibition engine, with 
the tender of 25 tons, it is perhaps beyond the knowledge of 
Mr. Fairlie that they offered it for sale, simply on account of 
its weight. As for the Crewe tenders, of which Mr. Fairlie 
states over one hundred are running on the L. and N. W. 
weighing 23 tons, I have not the means of testing the accuracy 
of this statement, but I know that are not building tenders of 
that weight now. I believe the average weight of narrow-gauge 
goods tenders, such as are now being built by the principal 
large companies, may be fairly taken at about 20 tons. I (find 
that in my last letter I inadvertently took the weight of water 
alone, instead of fuel and water; but even allowing that the 
loaded tender does weigh 23 tons, I think Mr. Fairlie’s theory is 
most completely answered by the plain practical remarks of 
your correspondent ‘‘ Beta.” Ido not deny that every line has 
its specialities, and that at some points it may be necessary to 
employ heavier engines than at other, but 1 certainly do not 
consider that this is the proper view to take jof the subject now 
before us. 7 ¢ 

In his opening letter, Mr. Fairlie speaks of this subject as 
“ pointing to the direction in which we are rapidly progressing 


‘so much more?” Now, although I did not say that 27 tons 
was sufficient for the cases here'referred to, but simply for work- 
ing the.ordinary goods traffic upon the four lines he selected, 
still I must be understood as taking a very strong exception to 
the opinion that much more is actually necessary. I say that 
if the L. and N, W. engine of 27 tons was converted into.a tank 
engine, and the diameter of the wheels feduced, although the 
weight would not then exceed 84 tons, it would be equal to the 
work of any of the lines to which he has yet referred. Some of 
the very engines he mentions, viz., those of the Metropolitan and 
North ae Companies, have only 80 tons available for ad- 
hesion, the remaining weight being placed upon or consisting of 
the bogie in front! 

I have some knowledge of the Vale of Neath Railway, and I 
can. assure Mr. Fairlie that their 56 tons engines do not gene- 
rally work trains in the ordinary acceptation of that. phrase. 
They have only two of them, and -they are used principally for 
banking up an incline of 1 in 47. The company has only pur- 
chased them within the last two years, and to say that they 
“ could not work some portions of their hne without this weight” 
is just as reasonable as to say that the neighbouring line, the 
Neath and Brecon, could not be worked without Mr. -Fairlie’s 
engine, and he knows how much or how little it has done so far. 
Upon this point I could say more, but as Mr. Fairlie asks to be 
treated ‘‘ Tender-ly,” I will forbear. 


I am, Sir, yours mma 
18th December, 1866. TENDER ENGINE. 


To THE Eprror or ENGINEERING. 

Sir,—In the interesting discussion on locomotive engines, it 
appears ‘* Tender Engine ” considers 27 tons sufficient weight 
for adhesion in the six-wheel goods engines employed on the 
London and North-Western Railway. Mr. Fairlie evidently con- 
siders it is not sufficient ; but neither of them gives the diameter 
of cylinders, length of stroke, or diameter of driving wheels. If 
we take five times the greatest amount of traction as the neces- 
sary weight for adhesion, and, for illustration, we take the 
average available pressure as 100 1b, throughout the entire 
stroke of the piston, we have simply to multiply the area of one 
cylinder by that pressure, and again by the h of stroke of 
all the pistons, and divide by the circumference of the driving 
wheels, the quotient represents the traction in pounds," and five 
times that amount gives the required weight for adhesion, 

In your paper of the 9th ultimo, you give’ some dimen- 
sions and weight of one of Mr. Fairlie’s four-cylinder. tank 
engines, as 18 in. cylinders, 24in, stroke, and 4ft. driving 
w heels, Applying the above rule to this engine, we have 


254x100 x16 

ee 82,612 Ib., and five times that force is equal to 
72.5 tons. as the necessary amount of weight for adhesion ; 72 
tons is given asthe estimated weight that the engine is ex- 
pected to weigh. The North-Western Railway Company have 
some goods engines that have 18 in. cylinders, 24 in. stroke, and 
5 ft. driving wheels, having a traction of 12,942 lb., and requir- 
ing for adhesion 28.8 tons. Others have 17 in. cylinders; with 
the same stroke and diameter of driving wheel, having a traction 
of 11,516 1b., requiring 26 tons for adhesion. Both of these 
classes have six wheels, coupled, and fenders, 

On the Great Eastern Railway they use for their fast and im- 
portant goods trains six-wheel engines, but only four wheels 
coupled. They have 17 in. cylinder, 24in. stroke, and 6 ft. 
driving wheels, giving a traction of 9617 1b., requiring for 
adhesion 21.4 tons. Mr, Clark gives the weight on the four 
coupled wheels “—_ of these oo exhibited in 1862 as 
20.75 tons. He gives ienlars of two r engines 
exhibited belonging to the Lantee and North. Western Railway. 
They had both the same stroke, 24 in., and the same diameterof 
driving wheel, 7 ft. 6 in.; but one had 18 in.’cylinder, and ‘the 
other had only 16in. The 18 in.. represents a ‘traction of 
8646 lb., requiring for adhesion 19.8 tons, whereas she had 
oniy 14.3. The 16 in. represents a traction of 6808 }b., and for 





“towards the adoption of large and powerful tives to 
“ accommodate the vastly increasing traffic on our railways.” 
He then gave as examples four of the large lines, and after- 
wards proceeded to illustrate his own views by a special refer- 
ence to one of those lines, viz., the London and North-Western. 
I ventured to call attention to what I still consider great in- 
accuracies in his mode of doing so, not only as regards the 
weights of engines and tenders, but also as to his calculations 
upon the gross and tare of the tonnage, and the traffic receipts 
of that railway, but I did not attempt to say that tank engines 
are never useful or never required. 1 took the broad principle 
of the ordinary working of large, through, competitive trafiic, 
and I maintained, as I do now, that an engine of 27 tons, with 
a tender of 19 or 20 tons, is convenient, efficient, and economical. 
‘The long dissertation with which Mr. Fairlie has favoured us as 
regards traflic arrangements, tonnage, and the rates charged by 
one company for “crates of hats” and other merchandise 1s 
surely not to the point, when it is as plain as figures can make 
it that the earnings of the company which has the best receipts 
only average 6s, 84d. per mile. It is of no use for Mr. Fairlie to 
“ assume” that which it is already proved does not exist, and 
although it .nay “appear very strange indeed to him,” I am 
afraid his astonishment will not alter the fact. If his reasoning 
points to anything which is directly opposed to actual ascertained 
results, it falls to the ground; and I am much inclined to think 
that if he “ assumes,” in like manner, with regard to the per- 
formances of his own engines, he will “awake some morning 
and find himself” deceived. His remark about the ‘‘squan- 
dering of moneys” by a body of gentleman who have attained 
such results as 1 have, ona previous occasion, feebly endeavoured 
to describe is, to my mind, as unjust as it is uncalled for. 
would recommend Mr. Fairlie to peruse again that portion of 
your article on ‘The Steam Tender” Wich commences at the 
fifteenth line from the bottom of the middle column of page 46 in 
the first volume of ENGINEERING. As 
Mr. Fairlie says he will be glad to learn upon what principle 
my belief is founded, that 27 tons is quite sufficient for the pur- 
pose of adhesion even with their fastest and heaviest trains. My 
answer is, upon the principle of being guided by the results of 
practical experience, which is the safest principle of all. He 


dhesion 15.1 tons; but by Mr. Clark’s accoutit she had 
only 11.5 tons. It has been mentioned in the discussion 
that the Great Northern Railway Company are having new 
engines, “oo 56 tons, carried upon eight wheels coupled. 
They have, I believe, a few of these engines intended for —_ 
use in taking heavy coal trains over the Metropolitan Railway. 
I have been given to understand their dimensions are 19.6 in. 
cylinders, 24 in, stroke, and 4 ft. driving wheels, giving a trac- 
tion of 19,072 lb., requiring 42.5 tons for. adhesion. From this 
it would appear that although they are tank engines weighing 
56 tons they are not necessarily so for adhesion, but as more 
convenient for the short distant they have to run without stop- 
ping This is, in my opinion, one of those cases where, Mr. 

‘airlie’s twelve-wheel four-cylinder engines would be more at 
home in competition than with the six-wheel tender engines 
— long distances with fast goods trains. 

Mr. Fairlie deserves great credit for his enterprising spirit in 
departing from the beaten track; it is those who believe that 
there are improvements to be made, and attempt them, that open 
the way, if they do not accomplish all they wish. There are 
large tracts in mountainous districts where railways have to be 
made with steep gradients and sharp curves for the purpose of ob- 
taining minerals and other produce, which have to be conveyed 
in large quantities over cheaply constructed lines and light rails. 
Those are the fields for Mr. Fairlie to cultivate, whevé he will 
be more at bome than by competing for the entire farm of: rail- 
ways on the plains as well as amongst the hills. 

A few words forthe tender. It 1s patent to every one practi- 
cally acquainted with the working of railways that goods and 
mineral trains are notoriously short of brake power, there are 
several ingenious contrivances of continuous brakes for ‘pas- 
senger trains, but none as yet for trains; for although 
every wagon may have its individual brake, they are not of the 
slightest use in preventing an unexpected collision, from the fact 
that they cannot be got at in time to be of auy services Take 





* A rule much simpler of application is to multiply the square 
of the diameter of the cylinder, in inches, hy the mean phan md 
in pounds per square inch, and to multiply this product by the 
length of stroke of one piston, instead of “all the pistons,” as Mr 
Naylor observes. Then divide the final duct the di 








also asks, in his last h, “ Why is it, if 27 tons is suffi- 
‘cient, that the Mureplizan, North London, Chatham and 





of the driving-wheel, the stroke and the diameter of the driving- 
wheel being both taken in feet, where convenient, or, otherwise 


‘ Dover, Vale of Neath, and Great Northern Railways require | both in inches—Ep. E. 



























































































486 


ENGINEERING. 


[Dec. 21, 1866. 








= 


a heavy coal train, for instance, with its two heavy brake vans 
drawn along, with both full wagons and empty wagons, for no 
other purpose than to assist in ing or stopping the train; 
the tender comes into use in place of a third brake van, which 
would be required if the tender was not there. It may be said 
‘but on the tank engine we have a brake ;” so there might be 
on the six-wheel engine. It is not, however, the practice 
to fix a brake to these engines, but to have recourse to reversin 
the engine to give additional retarding power to meet any case o: 
7" and if there is a brake on the engine, there is no 
reserve of power in reversing the engine, for if the brake absorbs 
all the adhesive power, there is no more to be gained. 
Yours respectfully, 
Wa. Nayior. 
8, New Broad-street, E.C., December 18, 1866. 


yey 
To tue Eprror or ENGINEERING. 

Srr,—There are two or three points in your correspondent 
“* Beta’s” letter that have not been answered in my reply of the 
6th inst. to “ Tender Engine,” requiring a few passing observa- 
tions, for which I trust you will kindly find space in your 
columns of this week’s publication. 

In your very able article on “ Light Railways,” in your paper 
of the 7th inst., and the letter referred to, will be found a complete 
answer to the general subject of “ Beta’s” communication, and 
the remaining points are fully answered by “ Beta” himself, as 
- will admit, after he has taken the trouble to reconsider his 

etter. 

It is needless to trouble your readers with matters of mere 
detail—such as platforms, driving and reversing gear, stoking 
arrangements, &c.—or to attempt to show on paper that my 
engine is not the “ combination” of difficulties described b 
“ Beta,” or that in these respects it is so inferior to the soin-tank 
engine as he strives to make out. 

It will suffice to say that in practice (I always answer 
inquirers on these points, that the proof of the pudding, &c., &c.) 
no difficulty whatever has been experienced; on the contrary, 
my arrangement is much simpler than any “ two combined tank 
engines of simple construction,” stated by “ Beta” to be the 
acme of perfection ; whereas all the attempts that have been made 
to make the twin engines successful, including those of the late 
Mr. Robert Stephenson for the Ghaut incline, in India, have 
notoriously failed. The twin-engine arrangement is not so 
simple as “ Beta” would have us believe; moreover, with re- 
part to working those engines by “two men and a boy,” I 

lieve the number of men required was one of the chief objec- 
tions to their adoption. To drive the two engines with the 
ordinary number of hands, it would be necessary that the 
drivers and firemen should take a series of lessons from Leotard, 
or other clever contortionist, from whom they would have to get 
a certificate to prove that they were capable of being in two 
places at once. Economy in repairs and easy access to them 
are amongst the advantages of my principle, whatever “ Beta” 
——_ to the contrary: here again my reply is that the proof 
of the pudding is in the eating. All experience to this time is 
in my favour, and I am confident will remain so. “ Beta” 
must be the reverse of the tank engines—of “ simple construction” 
if he can show that two such engines coupled together can 
—traverse the same curve that one of mine can. Let us carefully 
look at this point, one of the most important claimed by me; for 
instance, all the axles of the twin engines must either be placed 
under the cylindrical part of the boiler, or two under this part 
and one under the footplate behind the firebox ; consequently, if 
the former plan be adopted, the distance from the centre of the 
trailing axle of each engine and the end of the footplate, where 
the “as is effected, would be so great as virtually to pre- 
vent the engines traversing safely any curve woke to 
4 mile radius; and if the latter plan be adopted, the wheel base 
must always be considerably more than the length of the firebox 
in excess of my engine, and as the length of wheel base 
necessarily ts the measure of the curve the engine can traverse, 
it follows that in neither case can the two coupled engines tra- 
verse the same curve that my engine can. “ Beta’s” assertion to 
the contrary falls before these simple facts. However, further 
to set at rest this question, “that my engine is the same in 
“ principle as the two engines coupled together, with a great 
‘many disadvantages,” and to prevent your valuable space and 
my time being unnecessarily taken up in discussing a matter so 
clear to all practical minds, I adduce the following additional 
illustrations : 

My 72 tons goods engine, with 6 tons on each wheel, measures 
35 ft. in length between the smokebox tubeplates, viz.: firebox 
shell, 12 ft.; and two boiler barrels, 11 ft. 6in. each. Under 
each barrel is placed three pairs of wheels close ther, in an 
independent bogie frame, on which half of the entire weight of 
the boiler and its accessories are carried, say 30 tons, distributed 
equally over it, from its centre to each ohesh This weight is 
never varied, continuing the same under all circumstances. 
The six-wheeled tank engine is the reverse of this, notwithstand- 
ing that the weight on each of its wheels when at rest is 6 tons, 
but when in motion a change takes place with every oscillation 
of the superstructure, placing at one moment 9 or 10 tons on one 
wheel and 8 tons on another, in exact proportion to the rise and 
fall of the engine on its springs. 

This will be better understood by explaining that in all ordi- 
nary cases (exceptional cases, such as the overloaded wheels of the 
Chatham and Dover engines, are much worse) a Spring when loaded 
to 6 tons reduces its camber 1) in., or uating from 1 ton at 
the commencement for every } of an inch to 1} tons on the last 
quarter. If then, as we know in oraetice, the engine frame 
moves up and down on the axles from } to 3 of an inch, it is clear 
that the weight put on the spring by the oscillation of the 
engine forcing the frame down } rs an inch must be precisely 
the same load as that which would reduce the camber of the 
spring that distance beyond its normal position, showing that the 
additional weight thrown on each wheel at certain times by this 
calculation is from 9 to 10 tons, or more than half that which is 
necessary. In the Chatham and Dover engines, with 8 to 8 
tons load per wheel, the weight on some of them is frequently 
increased to 13 tons, producing the steam hammer blows that 
are so destructive to the rails, necessitatin never-ending repai 
= ~~ sees as the shareholders of this line know too well to 

eir cos 





The following diagrams, drawn to } in. scale, will show the 
positions of the three descriptions of engine referred to. 

A is the twin engine, with the wheel base extending to the rear 
of the firebox, and measuring 15 ft. 9 in. extreme centres; B the 
twin engine, with wheel base under the barrel of the boiler, as 
usual in such cases, measuring 10 ft. 6 in. extreme centres; and 
C, Fairlie’s patent engine, with wheel base 8 ft. 6 in. extreme 
centres. 

No. 1 in each case is the centre line of boiler, and in A B 
represents the centre line of engine also; No. 2 in A B only, the 
distance outside the centre line of the curve that the connexion 
between the two engines must take, also showing the angle at 
which the engines working are npecet to each other, the effect 
on each being the full application of the other’s power to straighten 
this angle, and consequent enormous strain and side friction on 
the outside end wheels, No, 3, 

This angle is so great in the short wheel base twin engine B, 
combined with the enormous leverage given to the coupling from 
2 to 4, that it would be impossible, to say nothing of the risk, 
to work these engines on curves at all. . 





A 





axis. The following diagrams will explain this advantage more 


fully. 

D represents my engine on an incline of 1 in 25, E, F, the twin 
engines on the same incline. 

0. 1 in each case is the top line of the water in the boilers 
on the level. 

No. 2 in each case, the top line of the water on the incline, 
which will be seen in D tocover the firebox at all points, while in 
F the firebox is uncovered for a distance of 2 ft. at the highest end. 

The overhang, G, in the diagrams E and F, will give a pretty 
good notion of the form of steam hammer this engine would 
make to thump the substructure and rails to pieces. 

“ Beta” will, Iam-sure, readily admit the proof I give in 
favour of the long boiler as against the twin boilers. 

The analysis of the tender-weights by “ Beta” scarcely re- 
quires notice; it is sufficient to point out the absurdity of at- 
taching two extra pairs of wheels to an engine in order to earry 
the 10, or 11 tons.of water. and fuel required. I am greatly 
obliged, however, for the. statement, as it is an admission in 
favour. of ten wheels out of the twelve required for my heavy 
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The end wheels of A will be seen inside and outside the line 
altogether, and the centre of traction at either end outside the 
centre line of curve, emg increasing immensely the friction 
of the vehicles following the engine against the outer line of 
rails, if they were not pulled o altogether, the latter, in nine 
cases out of ten, would, in my opinion, be the result. Toomuch 
attention cannot be given to keeping the centre line of traction 
to the centre line of curve. This is one of the most important 
considerations in the locomotive. 

No. 5 in C is the centre line of traction, and will be found to 
come the nearest of any other system yet discovered to the 
centre line of curve. 

The next question of importance raised in “ Beta’s” letter is, 
‘* that on an incline there would be a considerable difference of 
“ level of water in boiler.” This I admit freely; but, as he has 
put the question, it is clear he means that, because my boiler is 
a long one ee ft.), the difference of the level of water in it and 
that in the boilers of the two tank engines would be greatly in 
favour of the latter. Let us see how this works out. The fire- 
box on my principle being in the centre of the boiler, whatever 
be the height of the water over its centre when on the level it 
would be precisely the same on any incline; thus, suppose there 
were 8 in. of water over a horizontal firebox, 10 ft. long, place the 
same on an incline of 1 in 20, and the water would just cover 
one end of it, while re would be 6 in. over the other end. 
The tubes at the sm x end would be uncovered for some 
distance towards the firebox. This, however, is not very impor- 
tant, as the main point to be considered is the keeping the fire- 
bow always c with water. 

Now place the two tank engines together on the same incline 
with the same level of water over the firebox, and in one case 
the tubes would be uncovered at the smokebox end, just as in 
my case, and in the other the firebox would be ially un- 
covered. Precisely at one-half the distance from the tubeplate 
to the back shellplate of firebox is the axis of the water in the 
tank engine, while the centre of the firebox is, in my engine, the 





goods engine; my statement of 30 cwt. plates to form the tank 
on an engine is quite correct. “Beta” forgets that the foot- 
plates of the engine would form the bottom plates of the tank, so 
that only side end and top plates would be required of the usual 
dimensions—viz. ;°; instead of } and ,. 

It is quite a new idea that the length of our trains must be 
limited to thirty or thirty-five wagons; if this were so, there 
would be an end to all advancement, and we had better shut up 
at once. Why did we not think of this twenty to twenty-five 

ears ago, before we impoverished our shareholders as we 
ome done by rebuilding our railways at enormous outlays 
doubling the weight and trebling the cost of the per- 
manent way, and then designing Naysmith’s hammers in the 
form of locomotive engines, that should the most efficiently and 

uickly hammer all to pieces. Truly we are a great and won- 
derfal ple to build up monsters for the pleasure of battering 
them down again. nquestionably, however, it is the true 
science to be able to e and unmake, totally irrespective of 
shareholders or their resources; however, shareholders are 
opening their eyes to this fact, and are buttoning their pockets in 
consequence. I know many excellent schemes for railways for 
which all the necessary powers have been obtained from Parlia- 
ment, and yet there has not been sufficient money subscribed YY 
the public to pay the cost of the surveys. This is a lamentable 
fact, and one that requires the earnest and immediate attention 
of every engineer in this country. Shareholders will no longer 
allow us to build up monuments to our individual fame out of 
their pockets, such as I consider the Cannon-street Station to 
be. It would be much better for the country and its prosperity 
that money should be employed in constructing that which is 
actually required, and not unnecessary monsters. When we 
want monuments, we should go properly to the public for a 
voluntary subscription, and instead of paying fabulous sums for 
a site in the city of London, go to Egypt, where there is 
ample room for a lot more pyrami remain, Sir, 

56, Gracechurch-street, 13th Dec., 1866. R, F. FAIR.ig. 
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Ture are many points in which the American practice of 
locomotive construction differs from that followed in this country, 
and one of these is illustrated by the machine of which we now 

ive a perspective view. This machine, which was invented by 
the late Mr. Thomas Rogers, the founder of the present well- 
known Rogers Locomotive Works, New Jersey, is termed a 
“ quartering” machine, and it is used for boring out the crank- 
pin holes of locomotive driving wheels, it being the general prac- 
tice in the United States@o bore out suclr holes after the wheels 
have been fixed on their axle. 

As will be seen by the engraving, the machine consists of a 
strong bed carrying a pair of headstocks, these headstocks being 
furnished with centres between which the wheels are held. Be- 
tween the headstocks the bed is spanned by a pair of quadrants, 
these quadrants having slots formed in them, through which 
bolts can be passed for the purpose of holding the wheels which 
are to be bored steady. Each headstock has a slide formed 
upon each side of it; and these slides being inclined at an angle 
of 45°, the two slides of each headstock are at right angles to 
each other. Each slide carries a boring head of the ordinary 
construction, and the slides are so placed that lines drawn from 
the centres of the two boring bars of each headstock to the 
centre by which the wheels are carried, are exactly at right 
angles to each other. The slides are graduated, and the boring 
bars are adjustable, to any required distance from the carrying 
centres, in order to suit cranks of various throws. 

The mode of using the machine will be readily understood. 
The wheels to be bored, fixed on their axle, having been placed 
in their position between the centres of the headstocks, one of 
the boring bars is adjusted to act upon the crank pin-hole of 
one of the wheels, and the boring bar on the other side of the 
other headstock can then be brought to bear upon the crank pin- 
hole of the other wheel. The construction of the machine, of 
course, insures that the cranks of wheels so bored are accurately 
at right angles to each other, and that the crank pins are parallel 
to the axle. Each headstock is furnished with two boring bars, 
8o as to adapt the machine for operating upon pairs of wheels in 
which either the right or left hand crank is set to lead. 


CHILLED WHEELS FOR RAILWAYS. 
To THE Epiror OF ENGINEERING. 


S1r,—I desire to put on record a few lines in reference to the 
American cast-iron chilled disc wheels. These wheels have 
been for a long time the only wheels used in the United States; 
they are in general use on all the railways in Canada, and on most 
of the railways in South America; they are also in use on the 
Russian and Austrian* railways. The Central Argentine and the 
Boca railways, in Buenos Ayres, the Arica and Tacna, and the 
Lima railways, in Peru (all belonging to companies in this 
city), have adopted these wheels, their engineers having dis- 
covered that they are the cheapest, the most durable, and 
the safest wheels in use. 

I have been for about thirty years engaged in railway con- 
struction in the United States and in South America, having 
built two railways belonging to companies in London. Having 
used all classes and kinds of wheels, I am able to judge of the 
merits and demerits of each kind, and I have row no hesitation 
in saying that the introduction of the cast-iron disc wheel (as 
made in America)‘ on any railway line would effect a great 
economy. The general impression in England is, that the 
cast-iron wheel is not safe at high speeds, and that the wrought- 
iron wheel is safe. In answer to this, I would say that the 
cast-iron wheel is used often at high speed on the rough roads 





® The Austrian wheels are not made in America, but after 
American patterns in Austria, of iron found in Austria. 
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aud in the severe climate of the Northern States, and in Canada, 
without any accidents happening from them. I will give a 
large reward to any one who will produce a record of a single 
accident baving happened from the use of such wheels as I 
have used and now recommend. I have travelled many thou - 
sands of miles by rail in the United States, often over very 
rough tracks, often at speeds over fifty miles an hour, often 
when the temperature was below zero (Fahr.), and I have never 
been in a train where there was a broken wheel, or have I ever 
seen a broken wheel in a carriage on one of our railways. In 
opposition to this, I would state that three winters since I 
recollect seeing in the English papers accounts of several severe 
accidents happening in England from broken wheels during some 
very severe cold weather, and that there were various comments 
on the causes of these accidents, all of which led me to believe 
at the time that the wrought-iron wheel was not as safe as the 
cast iron. As to the life of the wheel, I would say that the 
cast-iron wheel will run over 100,000 miles, that many have 
run over 150,000 miles, that there were wheels in the Inter- 
national Exhibition of 1862 that had run on one of the Cana- 
dian railways 160,000 miles, that from an official report of the 
Erie Railway now before me I find that the lowest average life 
was 342 months, and as they estimate their carriage mileage at 
over 4000 miles a month, the run of these wheels was over 
139,000 miles. The English wrought-iron wheel is, undoubtedly, 
a good and true wheel when first made, but, being of soft 
material, it wears rapidly, and has to be turned true in a lathe 
(after running 25,000 to 30,000 miles), at a cost about equal to 
re-casting a cast-iron wheel, A wrought-iron wheel will stand 
two turnings and sometimes three. The “tread” of the cast- 
iron wheel being chilled, and being harder than the best tem- 
pered steel, wears very slowly. I would mention that while in 
St. Petersburg a few weeks since, the manager of the Moscow 
Railway told me that they bad tried every class of wheels, and 
found none to stand the roughness of that road, and the severity of 
that climate, but the cast-iron chilled disc wheel, and yet on 
examining the wheels they had in ‘use, made by themselves of 
Swedish iron, I found them very inferior to the wheels I now 
propose to introduce here; they also told me at St. Petersburg 
that they had last winter tried twenty of the German steel 
wheels, and broke five of them during the winter. 

I would mention that the merits of the cast-iron wheel, when 
compared with the wrought-iron, are greater and more strik- 
ingly visible in railways running in mountainous countries 
where the curves are sharp and frequent, and where the gradients 
are steep, requiring the use of the brakes the whole length of 
the descending gradients. These wheels, if once introduced on 
the mountain roads of India, will uever be abandoned. I sa 
this on the strength of their having been adopted on every poe d 
a: where they have been tried. 

will not copy any portion of the mass of evidence which I 
have before me, in letters from resident engineers and managers 
of railways in the United States, in reference to the merits of 
the cast-iron chilled wheel, but enclose to you a copy of a letter 
from Alexander M. Ross, who was the English engineer of the 
Grand Trunk Railway in Canada, knowing that such testimony 
is all that wouid be required by any man who will allow him- 
self to investigate the truth of a subject. With such evidence, 
it will be hard for any one to doubt the merits of the cast-iron 
wheel. I would propose to send to any railway company in this 
country a set of wheels to experiment with, by actual use on 
their road, to be paid for only after their having been success- 
ful, say after having given full satisfaction. would further 
propose, in case the railway gentlemen here will give these wheels 
their patronage, to erect a factory here for their make, or ar- 
range with some founder to undertake the manufacture, I send- 
ing to him the proper kind of iron, and men experienced in the 

ake of these wheels. The iron used in our best wheels, is all 








cold-blast charcoal iron made from red hematite ores, The 
best in use in the United States is known as the Salisbury iron, 
nearly the whole of which is owned and controlled by my 
friends. 

Should you wish to know more about these wheels and their 
merits, I could and would write much more. Mr. Brassey, as 
one of the contractors of the Grand Trunk Railway of Canada, 
must know of the merits of the cast-iron wheel. Messrs. 
Anthony Gibbs and Sons, of London, who are the chief proprie- 
tors of the Lima railways of Peru, can also tell you about these 
wheels, as I have recently sent to their railways a new set of 
cast-iron wheels to take the place of the wrought-iron wheels 
now in use there on their old carriages. Their American car- 
riages had cast-iron wheels, which have been running since 
1858. 

The cast-iron wheels on the Arica and Tacna Railway, in 
Peru, have been running since 1855. Iam told by Mr. John 
Higan, of 11, New Broad-street, that there has not been any 
new wheels sent to that road since I finished it, in 1856, yet 
those wheels were not in any way equal to the best wheels now 
in use. 

Last week I had one of these cast-iron wheels broken at the 
Bow station of the North London Railway, in the presence of 
some engineers. ‘The sledges used were of 281b. each. Three 
hundred and twenty blows (many of which were with two 
hammers) were struck before the stout smiths engaged in the 
work could break out a piece, as many more blows were struck 
before they broke the wheel to pieces, and then being unable to 
break the boss or centre, it was placed under a steam hammer 
of great power and destroyed. I will, if you wish it, have a 
piece of this wheel sent to your office. There are at Bow four 
more of these wheels which are at the disposal of any engineers 
who would like to experiment on them. 

I will send to you some of this iron tested for tensile strength, 
one piece showing a strength of over 35,000 lb. per square inch. 
This strength could easily be increased to 40,000 lb. by remelting. 

I remain, Sir, 
Your obedient Servant, 
W. W. Evans. 


Langham Hotel, London, December 26, 1866. 


Tue Brazir1an Exuipition.—The Brazilian National Ex- 
hibition, which opened in Rio Janeiro, October 19th, contains 
thirty-five classes, to which 2127 exhibitors have sent 18,391 
articles. The building and grounds cover about four acres. 
Messrs. Ransomes and Sims, of Ipswich, exhibited a complete 
series of agricultural implements and machinery, together with a 
steam-engine pumping large quantities of water. But one 
American sent machinery for exhibition. 

TELEGRAPHIC PROGRESS IN 1866.—We have given, in the 
present number, a series of articles descriptive of the advance 
made in various branches of engineering during the past year; 
but in none of these articles have we treated of the progress ot 
telegraphy. ‘This has arisen, not from any neglect of telegraphic 
science, but from its being impossible, in the present number, 
to devote that space to the subject which its importance de- 
serves. We shall, however, give it due attention on an early 
occasion. 

Tue Buxton AND SHEFFIELD Rattway.—In our former 
notice of this proposed new line, which is to open a new route 
between Manchester and Sheffield, we stated that the bill would 
fail on standing orders because the radii of the curves, where 
less than one mile, had not been marked on. We find, on fur- 
ther reference, that they are marked on—not along the line, as 
is usual in parliamentary deposits, but in the direction of the 
radii and at some distance from the line. 
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NAVAL ARCHITECTURE IN 1866. 

Ix respect of novelty of construction and striking 
results of performance, the past year’s record of pro- 
gress in naval architecture is interesting and en- 
couraging. Whether we refer to the famous ocean 
voyages of the American monitors—the Monadnock 
and Miantonomoh—to the-speed and wonderful handi- 
ness of the Bellerophon, to the results of the naval 
battle of Lissa, to the trials of the Nautilus and 
Waterwitch, and to the experiments with the “ cigar 
ship,” to the splendid Transatlantic voyages of the new 
French mail steamers, to the fine new fleet of Indian 
transports, to the great ocean race of the tea ships 
from China to England, or to that of the New York 
yachts, in which the Henrietta has made a fourteen days’ 
Atlantic passage in December, or whe'her we turn to 
the more practical aspect of ship-buildig, we shall 
find that we have advanced measurably beyond our 
position at this time last year. 

In the’ forms of vessels, Mr. Reed has shown what 
can be done in the way of speed with short ships, less 
than 54 beams in length. On her full-draught trial, 
last August, the Bellerophon, with a mean draught of 
24 ft., and a displacement of 7230 tons, was driven 
14.2 knots an hour by 6400 indicated horse power, and 
although this does not give a high coefficient by the 
customary formule, such a result, as a whole, was 
never attained before. While Mr. Reed has been 
making short ships for the navy, great proportionate 
lengths have been adopted in the mercantile marine— 
the new ships building by Messrs. Harland, of Belfast, 
for a Liverpool firm, being 104 beams in length, or 
390 ft. long for a 37 ft. beam and 29 ft. depth of hold. 
The loss of the London and Amalia, last winter, re- 
opened the question of long ships ; but neither of those 
vessels was particularly long, and much longer ships 
rode ont the storm in which they went down. The 
Holyhead and Kingstown mail boats, 350 ft. long and 
35 ft. beam, are found to show no straining after more 
than six years’ hard work, and it is certain that, with 
wroper deck strengthening, even greater proportionate 
ati may be adopted. In the cigar ship, the form 
of which possesses great transverse strength, sixteen 
beams in loath have been adopted with confidence, 
and although the boilers of this vessel have given much 
trouble by priming, and do not supply much more than 
canted the quantity of steam counted upon, the sea- 
going qualities of the vessel have been pretty fully and 
satisfactorily tested. 

In the structure of vessels Mr. Reed has fully esta- 
blished the system of double bottoms and simple and 
effective framework for ships of war. 


work, has not yet fully taken the place it deserves, but 
Mr. Barnaby’s excellent papers have shown how much 
additional strength may be gained by a proper mode 
of forming the joints of rivetted plates. 


As for the general plan of war ships, the turret prin- | 


ciple has gained more and more in favour from the suc- 
cess with which the American monitors have crossed the 
Atlantic and Pacific Oceans, and from the little damage 
done to the Roval Sovereign’s after turret when under 
fire from the Bellerophon’s 9 in. 12$ ton rifled gun. 
It is only this year that it has been shown that guns 
of even this weight could be worked upon broadside 
ships; but it seems likely that much heavier guns will 
yet be successfully made, and, with weights of 23 tons 
or more, it is probable that the turret system will be 
the only one whereby they can be properly worked. 
Besides this, the extraordinary results attained with 
Major Palliser’s chilled shot, which have practically 
doubled the power of all our guns, make it certain 
that we must yet adopt armour of a thickness which 
no broadside ship could be expected to carry, but 
which can be borne upon the low sides and compara- 
tively small turret of a turret ship. The Monarch will 
be a single instalment in the great change now impend- 
ing, and which must yet amount to an almost entire 
reconstruction of our navy, a change in the presence 
of which the proposed attempt to make anything out 
of our old and weak timber ships of war, by “ con- 
verting ” them, appears all tae more unwise and hope- 
less. 

Of broadside ships the finest yet commenced is the 
Fatikh, designed by the Chief Constructor of the Navy 


for the Sultan of Turkey, and in course of construc- 
This ship, for which 
» Torke ox } > eer ¢ chin } . 
ea aes 1 likely oy hele — ‘Go. the great problem of a Channel ferry is hardly less 
vernment, is intended to steam fifteen knots an hour, 
and to be armoured with eight-inch plates. The 
results of the battle of Lissa showed of how great im- 
portance is the utmost facility of mancuvring, and 
even with her great intended speed, it is doubtful if} paitey and Leetham, who have for some time past carried on 
the Fatikh could turn so quick as to escape every blow ' mail contracts with the Portuzuese Government. 


tion at the Thames Tronworks. 





Steel, of the | 
mild” but highly tenacious quality suited to ship | 


from an enemy. The Affondatore, at Lissa, was 300 ft. 
long and only 40 ft. beam, and could not be brought 
round in time to escape the fatal blow of the Ferdi- 
nand Max. Only the results of a future naval war 
will show the incalculable importance of the “ handi- 
ness” for which our chief naval constructor now de- 
signs all his ships. It cannot be said that the twin- 
screw system, which, better than any other plan, secures 
this object, is being sufficiently adopted—a plan which 
gives to a ship of war almost the mobility of a turn- 
table, without any sacrifice of other qualities. The 
balanced rudder is a powerful auxiliary also in respect 
of rapidity of evolution, and in a few ships, as in the 
Bellerophon, this old expedient has been again adopted 
with excellent results. 

The magnificent yacht made this year for the Vice- 
roy of Egypt, and which we have described in a notice, 
on another page, of the engines of the Mahroussée, 
deserves a place in the record of the year, on account 
of the great speed attained. Next in real importance, 
although our marine engineers and naval architects 
have not heard much of them, are the great paddle 
steamships of the Pacific Mail Steamship (American) 
Company, the later vessels of the dimensions of the 
Scotia, and intended to run between San Francisco 
and China. These vessels, with single-cylinder engines 
of from 100 in. to 108 in. in diameter and 12 ft. stroke, 
are making their passages at a good rate, with from 
24 to 36 tons of coal per day. They are vessels with 
fine lines, very moderate draught, and have very light 
rig for sailing. A scheme is maturing for placing a 
line of somewhat similar but much larger ships on 
the Liverpool and Philadelphia station, ships which 
shall have no masts or sails, and which are intended 
to be driven, with great engine power, at a speed of 
16 to 18 knots an hour. 

We noticed at some length, in our last number, the 
new ships of the French Transatlantic Steam Company, 
the screw-ships Periere and Ville de Paris, built by 
Messrs. Napier and Co., now making passages at the 
full speed of the Scotia. We should note here, also, 
the establishment of the new line from Panama to 
| Sydney, upon which a fleet of screw ships are now 
working on a continuous stretch of 6500 miles, without 
|a single intermediate stop, and besides this line should 
| be noted the new Bombay line of the Peninsular and 
| Oriental Company. 
| Our pages have contained full accounts of the per- 
|formances of the jet-propelled vessels, Nautilus and 
Waterwitch, and we have shown their enormous waste 
of power and how little is to be expected from this 
| system of propulsion. We cannot record here any 
general improvement upon the wretched accommoda- 
tions of the Thames boats, but there is encouragement 
| in the presence on the river of two converted blockade 
runners, the saloon steamers Lord Palmerston and 
| Alexandra. It should be recorded that steam-boats, of 
| very fine lines, have been built in Glasgow of Bessemer 





| steel, from the designs of Mr. Inglis, of Manchester, 
and shipped in parts to Canada, where they have been 
put together and worked upon the river St. Lawrence. 
Even the great ferry-boat, by which the trains of the 
Great Western of Canada Railway are now ferried 
across the Detroit river, a boat which we hope soon to 
illustrate, deserves mention here, as do also the diminu- 
tive twin-screw launches, for which the leading London 
marine engineers have already made so many pairs of 
beautiful little engines, of a weight hardly greater than 
that of the machinery of the best steam fire-engines. 
One of the most interesting problems of future 
naval construction is that of the Channel ferry. A 
| fleet of boats, 415 ft. long and 41 ft. beam, was designed 
| last year by Mr. Scott Russell, who acted in the matter 
|with Mr. Fowler; but no commencement has been 
| made of their construction. They were to take entire 
railway trains on their main deck, which was to be 
roofed over and shut in by water-tight doors at the 
j}ends, and they were to be driven at high speed by 
lengines working up to about 6000 indicated horse 
|power. Our opinion is that a stride far beyond these 
|dimensions must be made before a Channel ferry can 
really amount to what it should—a bridge between 
England and France, from which the terrors of sea- 
|sickness are practically excluded. We believe that 
| boats of enormous size, and great proportionate beam, 
| say 800 ft. by 160 ft. or thereabouts, will yet be found 
| requisite. Without entering further upon the ques- 
|tion here we may say that in the interests of peace, 


} 


|important than that of the best fighting ship for the 
| purposes of war. 





Sream Snrrrrvc.—A new line of steamers is about to be 
established between Hull and Lisbon. The promoters are Messrs. 


MARINE ENGINEERING IN 1866. 

We have this year seen a considerable increase in 
the working speed of the pistons of large engines, and 
the requirements of our larger ships of war have given 
us engines also of greater dimensions and very greatly 
increased actual power. The Bellerophon’s engines, of 
the same general dimensions as those of the Warrior— 
viz., 112in. cylinders and 4 ft. stroke—have been 
worked successfully on trial at 75 revolutions, and up 
to 6400 indicated horse power. The new engines of 
the Hercules, by the same makers, Messrs. Penn and 
Son, have 127 in. cylinders, the area of the trunks 
having to be deducted for the effective area; and the 
engines of the Monarch, which Messrs. Humphrys and 
Tennant have in hand, will have 120 in. cylinders, the 
whole diameter being effective, and the stroke will be 
43 ft. 
It cannot be said that the construction of engines or 
boilers has been modified in ordinary practice, nor has 
the working pressure been at all increased. - The com- 
bined high and low pressure cylinder engines, of which 
a number have been fitted to the Peninsular and 
Oriental Company’s ships, have proved, on the whole, 
too troublesome from the frequent accidents to which 
they have shown themselves liable, and the engines of 
the Mooltan have already been replaced by others of 
the ordinary construction. It is now understood that 
almost any rate of expansion may be obtained in single 
cylinders, and the very large cylinders of the later 
engines for the navy are designed with reference to 
high expansive working, as well as for the exertion of 
great absolute power for short periods of time, as in 
mancuvring or ramming. The Americans appear to 
have become sensible of the gain by expansive work- 
ing, for they are making single-cylinder engines for 
paddle steamers, in which the steam will be cut off at 
from one-third to one-twelfth stroke, the cylinders 
being 108 in. in diameter, with 12 ft. stroke, while two 
new steamers, building in New York, for what is 
known as the Bristol line, will have each a single 
cylinder 110 in. in diameter, with 12 ft. stroke. 

Among our own engineers, Mr. J. Frederick Spencer 
has applied the Corliss engine with improved “ trip ” 
valve gear, which is “tripped” and shut at variable 
points of the stroke, according to the speed of the 
engine, and with this an almost absolutely uniform 
speed of 90 or 100 revolutions is obtained with 3} ft. 
stroke. A vessel fitted with these engines has made 
very successful voyages to Valparaiso. 

Water-tube boilers, so largely employed upon the 
other side of the Atlantic, have been tried here on ship 
board during the year, but it does not yet appear that 
their advantages are sufficient to warrant their present 
adoption. Mr. Inglis, however, has lately recorded, 
in our columns some encouraging experience upon this 
point. 

Surface-condensation is no longer found to be 
attended with corrosion of the boilers, so long as the 
water in the boilers is gradually changed from the sea. 
sea. Wood packing for condenser-tubes is now found to 
give the best results. In the use of steel for shafts, 
&c., it has been found that the small dimensions at 
first adopted gave too little bearing surface, and to 
prevent the risk of heating, the journals of a steel shaft 
should be as large as those of an iron shaft. During 
the year the slide-valves of a small number of marine 
engines have been fitted to work upon rollers flush 
with the valve face. This expedient has been ex- 
tensively adopted in America, and the reports as to 
its use here are also favourable. 

Twin-screws and their engines have not been so 
largely adopted for vessels of war as was expected a 
year or two ago, and their design has not, therefore, 
greatly occupied the attention of engineers. The plan 
has been adopted with success for the shallow draught 
of ships’ launches, and a large number of these have 
been completed for our ships of war, all fitted with 
diminutive engines and twin screws. 

The machinery of the water-jet propelled vessels 
and their working has revived the interest in the 
system of jet propulsion, but the results, which have 
been so fully analysed in our columns, appear but to 
show the hopelessness of ever realising any considerable 
proportion of useful effect from the power expended. 
For deep-draught ships there appears to be nothing so 
good as the screw, and the Cunard and the French 

mail companies now find it to do all that can be done 
by paddles, and with far less coal. Even for shallow- 
draught vessels twin-screws are found to give results 
equal to those from paddles fitted in the best manner. 








Sour YorksHrre CoaL Traps.—In consequence of 
recent disasters, the deliveries of coal in the South Yorkshire 
district have been only meagre of late. The demand for coke 
and coal suitable for the Lincolnshire ironworks is on the in- 





crease. There is also more inquiry for engine coal for the Shef- 
field and Lancashire markets. 
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IRON AND STEEL MAKING IN 1866. 


Tue manufacture of pig iron in the North has been 
further cheapened this year by the erection of still 
larger and higher furnaces, the highest at Ferry Hill 
being 102 ft., while their capacity is upwards of 
26,000 cubic feet. The gas is now wholly taken off 
and burnt under the boilers and stoves, and as there is 
absolutely no flame from the tops of the furnaces, or- 
dinary gas-burners are necessary at night to enable 
the men to see their work. The temperature of the 
blast has been increased also to 1100 deg. and upwards. 
The character of the Cleveland iron, for making strong 
castings, has greatly improved within the past few 
years, and the results of an important series of experi- 
ments, which we lately published, show that, even 
without mixture, the No. 4 of this brand is as strong, 
if not stronger than many mixtures formerly in the 
highest repute. We speak of Cleveland iron merely 
because in no other district has the same rapid im- 
provement attended the manufacture. By puddling 
this iron in furnaces fettled with magnetic oxide of 
iron, the latter having a strong affinity for phosphoric 
acid, much of the phosphorus and consequent cold 
shortness of Cleveland iron is removed. But so far 
there is no known means of driving out all phosphorus 
from iron. Any invention which would do so would 
add more than one hundred millions of wealth to this 
nation, by enabling ordinary irons to be converted into 
excellent steel by the Bessemer process. Last spring, 
a Hanoverian ironmaster, Mr. Winzer, made experi- 
ments at Messrs, Bessemer’s works at Sheffield to 
drive off phosphorus from iron by means of chloride 
of calcium, or even mere chlorine gas; but no good 
was done, and the stench was awful. The phosphorus 
is far worse than the sulphur, but even the latter can- 
not easily be got rid of, and it is still necessary to em- 
ploy an air-furnace to melt iron for converting by the 
Bessemer process, in order to keep the sulphur of the 
coke out of contact with the iron. 

Dr. Perey announced last summer that the anthra- 
cite iron manufacture had been greatly improved, that 
anthracite was now used at Ynescedwyn without 
gobbing the furnace, and with but one ton of coal to 
the ton of pigs. The statement now appears doubtful. 

Machine puddling has not made sensible progress 
this year. Mr. Bessemer has patented a mode of 
puddling analogous to churning, although not like 
Moots process; but none of these modes appear to 
quite answer. In puddling furnaces, Mr. Wilson suc- 
ceeded in getting good results with common and other- 
wise worthless slack at the Milton Ironworks; but the 
men set their faces against his furnace, and the 
Messrs. Dawes have finally been forced to yield, al- 
though we had the strongest assurances that they would 
not do so. Messrs. Hick, Hargreaves, and Co., 
of Bolton, have since taken up the Wilson furnace, and 
they have attained excellent results with it in melting 
iron in an air furnace, and for furnaces for heating 
boiler plates, and, with a different and less obstinate 
class of workmen, they will, we think, succeed well 
with puddling furnaces. 

Mr. Siemens’s furnace, although only adopted abroad, 
we believe, for puddling—at least, to any extent—is now 
in great favour in England for heating blooms, ingots, 
&c.; and Mr. Siemens, who is expected to shortly an- 
nounce some extraordinary discoveries in iron making, 
has set up a model steel works of his own in Birming- 
ham, where he is melting steel at an insignificant eost 
with common slack coal. The larger Sheffield houses 
are at last taking the matter up, and at the Monkbridge 
Works, Leeds, Mr. Siemens is erecting a foundry of 
twelve furnaces, each to contain twenty-four melting- 
pots. 

Bessemer steel has in the past year come into greater 
favour than ever for rails. ‘The discussion last spring 
upon Mr. Price Williams’s paper at the Institution of 
Civil Engineers, almost as much as the confirmation of 
several years’ experience on the London and North- 
Western line, where there are now nearly one hundred 
miles of way laid with steel, has powerfully contributed 
to this result. Several of the steel-rail mills in and 
near Sheffield are driven night and day with orders, 
and have work on hand, in some cases, fora year to 
come. Steel has not yet gained its true place in ship- 
building, and the Commission of the Institution of 
Civil Engineers, from which so much was expected, 
has made no sign. : 

It remains to be discovered how to make soft iron 
by the Bessemer process—iron fit for _armour-plates, 
and which may yet be cast into form. It is anticipated 
that, with good hematite pigs, and with the use of 

erro-manganese, or a compound of iron and metallic 
manganese, with a minute proportion of carbon, this 
object will be attained at last. We may say that this 





and other modes of making soft iron, by blowing 
melted pig, is now engaging the closest attention of 
Mr. Bessemer and of his principal licensees. 

Mr. Whitworth has contributed what promises to be 
a most important improvement, that of compressing 
steel by great loteeslie pressure while it is yet in the 
fluid state—a compression which is equal in effect to 
casting under a “head” of some hundreds of feet. 
Excellent results have been thus attained in casting 
steel shot, and Mr. Whitworth is extending the process 
to steel cannon of large bore. This mode of dealing 
with steel is thought likely to supersede the present 
processes of “ cogging,” and to Sees with a good 
deal of intermediate rolling, although we do not wish 
to base any over-confident predictions upon it, but 
prefer to await its success after full trial. 

Messrs. Deakin and Johnson’s mode of punching 
steel ingots, and extending them into gun barrels or 
into jackets for steel ordnance, is one of the important 
points in the progress of the past year in the working 
of metals. It appears to be the only process which 
gives the great amount of internal as well as external 
working which such tubes and jackets especially re- 
quire. The patentees have actually punched a 10$ in. 
hole down through a 3-ton ingot 4 feet high, and the 
process is applicable to ingots of any size, and for 
ordnance tubes and jackets of any weight. 

As for the more usual modes of working iron, we 
have had the steam-jet cupola (Woodward’s), in which 
a draught is obtained at a great waste of steam, but 
without fans or blowing apparatus. We shall be glad 
to see the blowing-fan dismissed from the foundry and 
the forge forever. Indeed it is even dangerous, as the 
bursting of one little more than a year ago, in Sheffield, 
whereby a well-known engineer and a workman lost 
their lives, too painfully shows. But well-made rotary 
blowers, acting as pressure-engines, and working at 
from 100 to 400 revolutions only per minute, require 
far less power; and abroad, where they have come into 
use, they are entirely superseding the blowing-fan, on 
account of their economy. 

In machinery for working wrought iron and steel, we 
find hammers of greater and greater weight. Twenty- 
five ton heads do not now excite special remark. One 
of Mr. Ramsbottom’s duplex hammers, with 30 ton 
heads, has been lately started at Crewe ; and an ordinary 
steam hammer, with a head of 40 tons, has been set up 
at Chatham. Wrought-iron forgings are now largely 
stamped in dies, and forging presses have been brought 
into use at Sheffield and elsewhere; but they do not 
appear to have gained largely in use. 

We have noticed but a part, and that but hastily, of 
the plant of iron and steel works; and although the 
past year has not been signalised by any startling 
istallatalea discovery, we might fill many columns 
with a record of the growing progress and better 
practice in iron and steel making, and in their working, 
during the past year. 








RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the present year, and the year 
1866 should be given in ordering them, at the 
annexed prices, from the Great Seal Patent Office, 
Chancery-lane. 

(No. 1192, 8d.) Messrs. James Howard and E. 
T. Bousfield, of Bedford, patent a mode of worki 
two steam ploughs or steam-cultivators pH Mites: 
by two ploughing-engines, on opposite headlands of a 
field, a which engines work in conjunction with each 
other. Each engine has two winding-drums, one at the 
front and one at the hind end, and on each of these 
is wound a rope attached to one of the two implements 
to be worked. Each engine thus draws each im- 

lement, respectively, halfway across the field, or 
falfway between the headlands, when the implement 
goes back again, drawn by the opposite engine. By 
this plan both engines are always in full work, and two 
ploughs are always going at once® 

(No. 1194, 10d.) Thomas Dixcee, the present 
proprietor of the business of Henry Clayton and Co., 
of Woodfield-road, Harrow-road, W., patents an im- 
provent upon brick-making machines, where the 
stream of expressed clay is cut into bricks by wires. 
Lateral blocks or supports, each nearly equal to the 
length of brick or tile to be cut off, are provided, and 
by thus holding the clay better in place a cleaner cut 
will be effected when the wires are passed through. 
These lateral supports press closely against the stream 
of clay at the moment of cutting it across, but retire a 
little immediately afterwards, in order to allow the 
stream to subsequently move forward before the next 
following cut. 





(No. 1196, 1s, 2d.) T.A. Weston, of King’s 


Norton, Worcester, the patentee of the well-known 
differential pulley-blocks, patents a ratchet-brace. He 
so joints the lever to the brace that the former may be 
moved in a plane very much inclined from that at right 
angles to the drill. He also has a ratchet in which 
three pins are used for four catches or teeth, or four 
pins or pawls for five teeth, so that the onward motion 
at each throw of the arm may be subdivided to any 
required extent. By this differential system three or 
four strong ratchet teeth may do the work of twelve 
or twenty weak ones. 

(No. 1197, 10d.) Bray and Hargreaves, of Leeds, 
patent an apparatus for preventing Tae explosions. 
There is a water-float so connected with levers inside 
the boiler—for there are no stuffing-boxes—that when 
the water falls too low a small steam valve is opened 
in the top and bottom, these valves being small conical 
plugs, held home by a weight suitably attached. On 
the escape of steam, above and below, the fireman’s 
attention will be attracted. Not new. 

(No. 1199, 8d.) J. L. Davies, of Manchester, 
as the agent of inventors in Russia, patents metallic 
healds for loons, the metal healds being strung upon 
wires above and below, which wires or frames are 
worked up and down in the ordinary manner. 

(No. 1200, 10d.) David Thomson, of Old-street, 
St. Luke’s, patents the steam boiler which we illustrated 
in our number of the 14th inst. 

(No. 1202, 8d.) D. R. Edgeworth, of 13, Queen- 
square, Westminster, patents a surveying instrument 
in which a plane table, which may be levelled, is placed 
beneath the telescope, and a scale is attached to the 
latter in such manner that the survey may be plotted 
direct upon the table as the work proceeds. 

(No. 1204, 8d.) William Sunderland and George 
Stell, of Shipley, patent an appliance to the roller 
beams of spinnmg machinery, whereby broken ends 
are prevented from running between the rolls and 
doubling. The appliance could not be understood from 
a verbal description, but manufacturers interested will 
send for the specification. 

(No. 1206, 1s.) H. E. Newton, of 66, Chancery- 
lane, as the agent of M. Farcot, of St. Ouen, and M. 
Perrigault, Paris, patent a steam wheel, in which the 
steam which has acted upon one or more floats is led 
off in a serpentine direction to the opposite end or 
side of the wheel; the object being to obtain the 
whole, or nearly the whole, of the expansive force of 
the steam, by causing it to act successively upon dif- 
ferent floats around the periphery. 

(No. 1207, 4d.) A. V. Newton, of Chancery-lane, 
as the agent of an American inventor, patents the old 
process of melting scraps of ¢ianed iron along with 
carbonaceous matter to make steel. Or the tinned 
seraps may be thrown into melted cast iron, there to 
take up carbon sufficient for their subsequent working 
into steel by blooming, heating, and hammering. 

(No. 1209, 4d.) W. P. Pingott, of Argyle-street, 
Regent-street, proposes to pt stect iron ships from 
fouling and also from oxidation by placing the iron 
hull in electrical connexion with a piece of zine, or by 
giving the hull an opposite electrical condition from 
that of the sea. By the first plan a strip or strips of 
zinc are to be secured directly to the hull of the ship 
under water. By insulating strips of zinc also at, the 
stem and stern post respectively, and connecting them 
to a battery within the ship, opposite electrical currents 
will be maintained over the surface of the hull; and 
not only is it thus to be kept clean, but the polarity of 
the ship, Mr. Piggott asserts, will be neateaiiond. 

(No. 1210,10d.) William Begg, of Preston, patents 
the old plan of firing two boiler furnaces alternately, 
and, having provided a communication between them, 
shutting off the escape from either furnace, over the 
bridge, while it is being fired. During that time the 
smoke from the fresh coal is to pass over the incande- 
scent fuel in the other furnace. This has been often 
tried, but without a separate admission of air at the 
back the smoke is not burnt. 

(No. 1212, 2s.) J.C. Pearce, of the Bowling Iron- 
works, patents various modes of supplementing the 
power of existing steam-engines, by the addition of 
auxiliary cylinders and working parts, using steam in 
conjunction with, or independently of, that in the 
original cylinder. ‘The same patent includes improve- 
ments in pistons, and also Mr. Pearce’s boiler-ring, or 
circular joint piece, as illustrated and described in our 
last number. 

(No. 1213, 8d.) Messrs. Riches and Watts, of 
Norwich, patent the application of a vibrating screen 
between the feeding-hoppers and stones of corn-mills. 

(No. 1217, 8d.) Barron and Tattersall, of Hey- 
wood, Lancashire, patent a guide plate for taking the 
fleece from the doffer to the delivering-rolls of carding- 
engines. 
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Tue Viceroy of Egypt's steam yacht Mahroussée, of the 
engines of which we this week give a two-page engraving, as 
well as other views on tke present page and page 491, is pro- 
bably without any exception the most. magnificently equipped 
vessel afloat. At the time of her trial in April last, we gave in 
this journal (vide page 280, vol. i.) a general account of the 
Mahroussée, but it will be convenient that we should repeat some 
of the leading particulars here before proceeding to describe the 
machinery which more especially forms the subject of the 

resent notice. The Mahrouss¢e was designed by Mr. O. W. 

ang, built by Messrs. Samuda, and engined by Messrs. J. Penn 
and Son. Her length between perpendiculars is 360 ft., and 
over all 400ft.; whilst her beam is 42ft., and depth 
29ft. Her tonnage old measurement) is 3041 tons. 
The saloons and apartments in the after part of the vessel, de- 
voted to the accommodation of the Viceroy and his suite, are 
fitted up with a magnificence and exquisite taste which could 
scarcely be exceeded. In the saloons and anterooms, Gobelin 
tapestry, beautifully painted panels and medallions, electro- 
plated columns and chandeliers, rich carpets and silk drapery 
and furniture of the most costly materials and elegant desi 
combine to render the Mahroussée a perfect floating palace. Tn 
the sleeping-apartment of the Viceroy the same magnificence is 


| of the engine-room the arrangements made for the accommoda- 








visible, the draperies being of a pale slate-colour, embroidered 
with flowers. Adjoining the Viceroy’s bedroom is a bath-room, 
containing a bath carved from a solid block of marble ; and further 
forward are the sleeping-chambers of the chief minister and 
other officers of state, these rooms being all fitted out in the 
same style of Oriental splendour. 

Whilst so much care and expense has been bestowed upon the 
decoration and fittings of the apartments occupied by the Vice- 
roy and his suite, other points have not been neglected. Forward 


tion of the officers and crew are exceedingly complete, and the 
thorough ventilation of the cabins in all parts of the vessel is 
provided for by a system of air shafts communicating with a fan 
driven by a small engine provided for the purpose. 

The engines of the Mahroussée, which we now proceed 
to describe, quite match, by their beauty of design and finish, 
the other fittings of the vessel, and it is probable that even the 
celebrated factory of their makers, Messrs. John Penn and Son, 
never turned out a more magnificent specimen of work. As 
will be seen by our engravings, they are of the oscillating class, 
and they are of 800 ‘nominal horse power. The cylinders are 
100 in. in diameter, with a stroke of 8ft., and each cylinder 





ing paddles, 33 ft.in diameter over all, and 28 ft. in diameter 
between the axes of the floats. The paddle-boards of each 
wheel are twelve in number, and each board is 13 ft. long by 
5 ft.Gin. deep. The paddles are overhung, and the feathering 
eccentrics are carried ™ axes fixed to the spring beams, as shown 
in Fig. 3. The other engravings, Figs. 1 and 2, show the general 
arrangement of the engines so clearly, that it will be unnecessary 
that we should enter into further details respecting them. 

The engines are supplied with steam by eight boilers, arranged 
in two stokeholes, four boilers being ahead of, and four abaft 
the engine-room. The boilers are of the ordinary tubular con- 
struction, and each boiler is 15 ft. 7 in. long by 10 ft. 1 in. wide, 
and 13ft. Lin. high. Each boiler contains four furnaces, the 
width of each furnace being 3 ft. 4 in., and the length of the fire- 
bars 7 ft. Gin., so that the total firegrate surface in the eight 
boilers is 792 square feet. ‘The number of tubes in each boiler 
is 462, or 3696 in all; and these tubes are 3 in. in diameter out- 
side and 6 ft. 6 in. long, so that they give a total external heat- 
ing surface of about 18,860 square feet. The uptakes of each 
set of four boilers communicate with one chimney 7 ft. 6 in. in 
diameter. The coal bunkers have stowage room for 950 tons of 
coals, 

On the occasion of her trial at Stokes Bay, in April last, the 
Mahroussée attained a mean speed, during six runs over the 
measured mile, of 18.534 knots, or 214 miles per hour, a speed 
which gives her the position of the fastest seagoing steamer 
afloat. During the trial just mentioned her draught was 15 ft. 
aft and 15 ft. 2in. forward, whilst her displacement was 3135 
tons, and the area of her immersed midship section 500 square 
feet. Her engines performed splendidly, the average number of 
revolutions beg 26, the pressure of steam 30 lb., the mean 
vacuum 27 in., and the indicated power 6400 horses, or eight 
times the nominal power. 







































THE PARROTT GUN. 
UNITED STATES CIRCUIT COURT, SOUTHERN DISTRICT. 
Before Judge Nelson.—Daniel Treadwell v. Robert Parrott. 

Tus suit is founded on letters-patent issued December 11, 
1855, and re-issued February 4, 1862, to Daniel Treadwell, and 
is brought against R. P. Parrott for the manufacture of the cele- 
brated Parrott guns, which, it is claimed, infringe upon Tread- 
well’s patent. The Parrott gun, as is generally known, has a 
cast-iron body reinforced at the breech and some distance for- 
ward thereof by a band of wrought iron, which is heated and 
shrunk on to a turned part of the body, Treadwell’s patent de- 
scribes a cast-iron body having a screw-thread cut on its ex- 
terior, and having shrunk upon it hoops which have internal 
female screw-threads to fit the thread on the body; but in the 
re-issue the claims are as follows: 

“ First.—In making a cannon consisting of a body (in which 
the calibre is formed), the walls of which are of one piece, sur- 
rounded by rings, heops, or tubes, in one or more layers, placed 
upon said body under great strain, by which said body is com- 
pressed, and the natural equilibrium of the molecules or parti- 
cles of which it is composed disturbed by their being brought 
nearer together ; and this is accomplished in the manner herein 
set forth, namely, by making the hoops smaller than the = 
which they are to surround, and then expanding them by heat 
and suffering them to shrink or contract after having been put 
in their places. 

“ Second.—I also claim the method of securing the hoops to 
the body of the gun, and the several layers of hoops to each 
other, by screw-threads, when they shrink to their places, as 
above described.” 

The judge, in giving his decision, seems to have considered 
that the defendant’s gun came within the terms of the plaintiff’s 
claim, inasmuch as he did not discuss that question; but only 
the question whether the plaintiff was the original and first in- 
ventor. He refers to guns made by a French officer named 
Thierry, in 1834 and 1840, of cast iron hooped with wrought 
iron, but lays these guns out of the case, and proceeds to an ex- 
amination of an English patent granted to one Frith, in 1848, 
upon which he bases the following decision : 

“In view of the state of the art at the time, the improvement 
in the construction of the cast-iron gun with wrought-iron hoops 
or rings, claimed by the complainant, will be found in the de- 
scription given in the Frith patent, and upon this ground a 
decree must be entered for the defendant, dismissing the bill.” 

For complainant, Mr. Keller and Judge Curtis; for defendant, 
Mr. Cozzens and Mr. Gifford.—American Artisan. 


























































Sremens’s Furnace.—A paragraph has appeared in a con- 
temporary respecting an alleged improvement upon Mr. Siemens’s 
furnace by a Swede, Mr. Lundin. The peculiar feature is said 
to be a condenser, applied to a Siemens’s “ regenerator”—we 
think the “ producer” is here meant—and in this condenser the 
gases arequickly cooled down by “ pulverised” water, whatever 
that may be, and which we will suppose to be a falling shower 
of drops or spray. The dust is also precipitated, steam in the 
gas condensed, and acetic acid, sulphurous gases, and carbonic 
acid also absorbed. This condensation of the steam in the flue 
will, it is said, enable peat containing even 50 per cent, of water 
to be burnt. Now ail Mr. Siemens’s gas “ producers” have con- 
densers in the shape of a metal exit tube, seldom less than 
40 ft. long, while at Barrow-in-Furness the condenser is a 
double tube of a total length of about one quarter of 4 
mile, These tubes are elevated 20 ft. or so above the furnace, 
the gas rising into them at one end and falling from them at the 
other. At Signor Gregorini’s ironworks at Lovere, in Lombardy, 
peat alone has been used for puddling, since December last, and 
all the steam in the gas is found to be completely condensed by 
atmospheric exposure. But, lest thisshould net be sufficient, 
Mr. Siemens patented, in 1863 (No. 972),:u2 very shower-bath 
condenser now ascribed to Mr. Lundin. Those—and they are 
now many—who are interested in the working of the Siemens 
furnace, will understand, therefore, that Mr. Lundin, however 
unconsciously he may have followed Mr. Siemens, and thus 
obtained 11007. from the Swedish Ironmasters’ Association, 
would in this country, if not in his own, be held liable for in- 
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weighs, complete, 26 tons. The engines drive a pair of feather- 
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HOOPER’S TELEGRAPHIC WIRE. 

We lately alluded to a new insulating compound, 
which may be said to be in nubibus. We this week 
refer to an insulator ix veritate. The use of india-rubber 
for insulation has been advocated with great fervour 
for many years, but it has uniformly proved a failure 
when practically adopted. Its parent for telegraphic 
purposes was the late Mr. C. West, who was such an 
enthusiastic and strenuous supporter of its merits that 
he not only lost his fortune, but he may almost be said 
to have lost his life in its cause. His urgent advocacy 
of its xe plus ultra qualities for submarine purposes 
gained for him the soubriquet of “india-rubber” West, 
to distinguish him from “the other” West, so well 
known in telegraphic circles. Few will forget the 
readiness with which he drew from his antiquarian 
coat-tail pocket the piece of the actual wire which was 
submerged between H.M.S. Pique and Blake in 1845. 
He proposed to cross the Channel by its means in that 
year, and acable for the Lrish Channel was actually con- 
structed with it in 1850, which was, however, never 
submerged in its appointed place, but a portion 
was used by the Electric Telegraph Company in 
their extension to the Isle of Wight in 1852. This 
piece is still in work. Messrs. Silver and Co. warmly 
took up its manufacture, and Messrs. Hall and Wells 
still largely manufacture it for certain telegraphic pur- 
noses ; but no one before Mr. Hooper can be said to 
fate produced a really durable and practical article. 
There are various qualities of india-rubber, the best 
coming from Para, in South America, and hence called 
Para rubber. Large quantities, but of an inferior 
quality, are imported from Java, Singapore, and Assam. 
lt arrives in this country in rough bottles and slabs, 
which pass through various forms of cutting, washing, 
drying, and masticating before being formed into those 
great solid blocks or cylinders, from whence it may be 
said to commence its telegraphic life. 

Beautiful cutting machines convert these solid cylin- 
ders into endless sheets of the thinnest nature, which 
are again cut into tapes of various widths. These 
tapes are served around and around the copper wire 
until the required thickness is attained, and then con- 
solidated into a homogeneous mass by heat or solvents 
—heat being the more general agent. Mr. Siemens, 
by means of very ingenious machinery, took advantage 
of the affinity the material has to reunite when freshly 
cut, to apply the tapes longitudinally, and to make 
them adhere by pressing together the edge of the two 
half tubes, to form one long cylindrical coating around 
the copper wire. But caoutchouc, as the material is 
more properly called, in this manufactured form was 
found todecay, or ratherto be converted into a semi-fluid, 
or treacly mass, which is a process of slow oxidation. 
Pure caoutchouc is perfectly white, and is formed of 
84.56 carbon and 12.33 hydrogen; its formula being 
C, H,. It owes its discoloration to a little admixture of 
oxygen, which is much favoured by the process of 
manufacture, and hence manufactured rubber is not so 
durable as the raw or native material. Efforts have 
been made, without great success, to check this 
oxidation by vulcanisation; but Mr. Hooper alone, 
as far as we know, has succeeded in producing 
a durable article. He covers the conductor, firstly, 
with a coating of the best Para rubber, and he 
covers this again with a second coating of a 
compound of inferior rubber and oxide of zinc, which 
he calls a separator, and this he protects with a vul- 
canised jacket. There are thus three coatings of rubber 
compounds, which are baked together for four or more 
hours under high pressure in a temperature of 250°, 
a small portion of sulphur penetrates to the first. coating, 
and the whole mass comes out consolidated into a re- 
markably compact and efficient whole. The separator 
and voleael jacket are said to impose an absolute 
barrier to the ingress of oxygen to the interior rubber, 
and thus to ensure its durability, and, to judge by the 
success of the trials it has already undergone, this con- 
clusion seems to have been fully borne out in practice. 


The oxidation that has destroyed all former samples of 


india-rubber wires seems to have been checked, and we 
have every reason to believe that this insulator will 
prove as durable as gutta-percha, indeed more so when 
exposed to atmospheric agencies. 

The vulcanite jacket also offers a considerable resist- 
ance to mechanical injury to the internal rubber upon 
which the insulation mainly depends, and this is also 
itself partially protected by felt taping. This felt 
serving, by absorbing water, is very serviceable in 
testing and detecting flaws after submersion in the 
tanks, 

The Jate Col. Stewart satisfied of the 


Was so 


success of the trials made in the East to establish its 


durability, that the Indian Government ordered 150 
miles for a cable to Ceylon, which is now ez route. 
One of the wires of the cable belonging to the Elec- 
trie and International Telegraph Company, between 
Portpatrick and Whitehead, is coated with this com- 
pound, and works admirably. When last _tested, 
it had considerably improved in conductive resistance. 
Sir C. Bright mentioned, at the Institution of Civil 
Engineers, that a length which he tested in May, 1863, 
had improved 33 per cent. in insulating power in 
December, 1865, though during the interval of two 
years, it had been constantly exposed to the air and sun. 
Captain Mallock took out with him to India a short 
length that had been in use in Mr. Hooper’s factory 
for over two years, fully exposed to the atmosphere, 
and states that it there tested three times better than the 
gutta-percha core of the Persian Gulf cable. Mr. 
Webb reported to the Indian Government that, of all 
the numerous sample cores taken out to the Persian 
Gulf for trial, this was the only one that gave any 
signs of durability, and that, when he left, it remained 
in perfect working order. Its durability is therefore 
unquestionable. It is capable of withstanding the 
temperature and vicissitudes of any climate. 

Its conductive resistance is wonderful. The re- 
sistance of the core sent out to Ceylon was stipulated 
to be 5000 megohms (a megohm is one million B.A. 
units). It proved after manufacture to have 6000 
megohms resistance, forty times better than the Per- 
sian Gulf core. Mr. Varley, by carefully drying the 
fresh-cut ends in a desiccated atmosphere, obtained a 
reading as high as 373,000 megohms. At the tem- 
perature of 75° Fahr., the time that one knot of the 
Ceylon’s core occupied in falling from a tension of 
full charge to that of half charge was about 300 
minutes. The best gutta-percha usually takes 15 
minutes, and the present Atlantic cables 60 to 70 
minutes, to do the same.thing. Such high insulation 
far exceeds our practical wants; but its chief advan- 
tage arises from the facility it offers for the detection 
of minute imperfections and flaws. 

The inductive resistance of this material is also very 
high, and this is a point of great commercial impor- 
tance where rapid rates of signalling are required. 
Sir W. Thomson, Mr. Latimer Clark, and other electri- 
cians make its inductive resistance 1.36, gutta-percha 
being 1. ‘This means that the same capacity for work 
would have been obtained with the present Atlantic 
cables, if coated with Hooper’s material, at a saving 
of 75,0002.; and if a cable coated with gutta-percha 
were only just able to pay its working expenses, it 
would yield 36 per cent. of these expenses towards a 
dividend if coated with this material. 

But its most striking quality is the permanency of 
its insulation when submitted to high temperatures. 
Its resistance decreases in regular increments as its 
temperature is raised, and at 212° Fahr. it still tests 
twice better than gutta percha at 100°. Indeed, as it 
is manufactured at a temperature of 280° Fahr., it is 
clear that no permanent injury can be produced by any 
ordinary elevation of temperature. It is this quality 
that renders it so odaialilp adapted for hot climates, 
and we scarcely anticipate that any other cable will 
ever be sent across the line coated with any other 
material. Indeed, the Ceylon cable was shipped with- 
out even those expensive luxuries, tanks. An inte- 
resting examination has been made upon the effects of 
temperature upon its inductive resistances, as com- 
pared with that of the gutta-percha core of the Persian 
gulf cable; and at 212° it proved itself 17 per cent. 
higher than the gutta-percha at 100°; and between 
32° and 140°, 26 per cent. higher than the same sub- 
stance at 32°. The curious effects of continued elec- 
trification are also well illustrated, but these have no 
great practical bearing upon its commercial value. 

Another important quality in its composition is its 
impermeability under long immersion and pressure in 
water. The absorbent qualities of india-rubber was a 
serious objection to its use; but Mr. Hooper has 
definitively proved that no appreciable change is pro- 
duced by absorption. In thin sheets the increased 
weight in three years was only one per cent. India- 
rubber, under ordinary circumstances, is much more 
absorbent, and dishonest dealers are known to increase 
the weight of their raw material by immersion in 
water. 

Pressure seems to have the same effect of improving 
its insulation as it does that of gutta-percha. Two 
tons per square inch (about equal to that at the bottom 
of the Atlantic) applied for six days, produced an im- 
provement of 66 per cent. The Atlantic cables have 
improved since their submersion 200 per cent.; but 
this is due to a lower temperature as well as to pres- 


We have never seen nor heard of a case of decay of 
one of these wires, and the material has been so long 
under manipulation that any flaw of this nature would 
speedily be produced and published. It has in this 
respect a great advantage over gutta-percha, which, 
though perfectly durable where it is most wanted, “ at 
the bottom of the deep-blue sea,” decays very rapidly 
when exposed to light and air. Hooper’s wire, there- 
fore, appears an excellent substitute for gutta-percha 
for “leading in ” purposes, that is for terminating and 
leading wires into offices and through tunnels, &c. 
The cost appears to be about equal to that of gutta- 
percha. It is evidently a very dangerous rival to its more 
prosperous ally, and is probably destined to play a 
very high ré/e in the future of submarine telegraphy. 








ENGLISH MONITORS. 
To THe Epiror or ENGINEERING. 
Srr,—The sterling maxims for the right construction of 
ships-of-war just laid down by Mr. Reed in his lecture on 
armour-plated ships, delivered on the 7th inst. at Plymouth, will 
inevitably commend themselves to public acceptation both by the 
authority of their author and their own manifest truth and force. 
Mr. Reed shows very conclusively that even one strong ship is 
worth any number of weak ones ; that a ship to be strong enough 
to resist modern ordnance must be on the turret or monitor sys- 
tem; and he offers to Ericsson the tribute of his admiration for 
having invented such vessels and sent them to sea. Will you permit 
me to ask you to publish the following extract from the report 
of Mr. Reed’s admirable lecture? In all of his views I quite 
concur; but I hope he will still come up a little in the thickness 
of armour, the speed, and the weight of gun of his proposed type 
of monitor vessel. I think it further desirable to ascertain, in 
planning new vessels, if Ericsson has anything further to suggest 
in regard to the improvement of monitors, as the experience he 
has acquired of such vessels must be most valuable, and it is not 
likely that his powers of invention have been pumped dry. 
am, &c., 
Joun Bourne. 


MR. REED ON ARMOUR-PLATED SHIPS. 

I Lay it down as a fundamental principle that we must always 

be building a ship or ships superior in offensive and defensive 
powers to any produced or in course of production by other 
countries. I do not say that we should aim at possessing a large 
number of such ships. With a moderate expenditure large 
numbers implies individual weakness in the ships; whereas the 
peculiar characteristic of the period is that one powerful vessel 
is worth more than many weak ones. Why have our vast fleets 
of wooden ships become almost obsolete? Simply because one 
iron-clad is deemed more formidable than many of them. And 
in precisely the same way it is perfectly within our power to 
produce a ship with iron armour of such thickness, and guns of 
such power, that the iron-clads of France shall no more dare to 
encounter her than wooden ships would dare to encounter the 
most formidable iron-clads yet produced. I think we should 
build some such ships upon the turret principle, neither purely on 
the American plan nor purely on Captain Coles’s, but embracing 
the best points of both, and we need not greatly exceed the size and 
cost of some of our largest existing iron-clads in producing such 
a vessel, to carry the armour 15 or 16in. thick, and 20-ton 
guns, and to steam at 15 knots. She may also be made more 
secure against rams than any existing vessel. I have, in fact, 
satisfied myself that such a ship can be designed and built, and 
in my opinion one or two such ships would contribute more to 
the maintenance of our national power and authority upon the 
ocean than many iron-clads of the ordinary type, costing in the 
aggregate much more than they do. . . . . With respect to that 
bold energetic nation which lately sent us the Miantonomoh 
across the Atlantic, it is only by a boldness and energy equal to 
theirs that we can compete upon tive sea with such a people. I 
do not share in the opinion that the Miantonomoh herself is 
superior, or equal, to many of our own ships as a sea-going 
engine of war. But she nevertheless embodies many admirable 
and novel principles, and is an honour to the people who pro- 
duced her. I must also say that I admire immeasurably the 
daring genius of Ericsson in sending ships of the Monitor ty 
to sea; and I am persuaded that it is not until we develop the 
leading idea of that class of ship, and associate it with such 
other arrangements and improvements as our ampler manufac- 
turing means will enable us to add to it, that we shall produce 
the most formidable war-engine that we are capable of sending 
to sea. I repeat, I hold it to be the primary duty of this coun- 
try to lead the van in this respect, and to deprive every other 
— of the opportunity of winning by superior enterprise and 
ove of improvement that maritime pre-eminence which both our 
history and our present circumstances incite us to preserve. We 
were not beaten when pluck’ and courage alone determined 
battles; we were not beaten when wealth became the main 
sinews of war, let us not be beaten now that scientific progress 
and manufacturing skill have become the essentials of the tight. 
That we may not be it is imperative that we should not content 
ourselves with repeating our Bellerophon, or even our Hercules, 
but should go on to design ships of the first class as much more 
powerful than they as they are more powerful than their fore- 
runners. 





Tue Botton Sree, Works.—Extensive enlargements of 
these works are now in progress, under the direction of Mr. F. 
W. Webb, which will increase the productive power of this 
establishment, and particularly facilitate the production of 
finished articles from the steel ingots. Several very large steam 
hammers, rail and plate mills, tyre-rolling and other machinery 
will form the complete plant of machinery. Siemens’s furnaces 
have been laid out for heating ingots and forgings, and for a 
variety of other purposes. The operations are rapidly pro- 
gressing, and, when completed, will place the Bolton Steel 
Works upon a level with the finest and best arranged Bessemer 





sure, 








steel works in this country. 
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THE P. AND 0. COMPANY.—No. IV. 


THE amalgamation of the Peninsular and Transatlan- 
tic companies having been arranged, the Government was 
notified that the company would be prepared to make an 
offer to carry the me direct to Alexandria, calling only 
at Gibraltar and Malta, as a first step towards opening 
efficient steam communication with folies and the Go- 
vernment thereupon invited tenders for the perform- 
ance of this service, specifying that the vessels to be 
employed were to be of certain size and power. Ex- 
cepting the British Queen and President, however, 
there were no vessels then existing possessing the re- 
quisite power and dimensions, but the Great Liverpool 
and Oriental—the vessels which the P. and O. Com- 
pany now possessed. ‘Three tenders, however, were 
sent in for the performance of the required service ; 
one by Mr. Macgregor Laird, on behalf of the com- 
yany owning the British Queen and President, one 
by Mr. Brocklebank, on behalf of the General Steam 
Navigation Company, and one by Captain Bourne, on 
behalf of the P. and O. Company. ‘The last company 
had the most forcible claims to favourable pier at 
tion, not merely because its tender was the lowest, 
but because it alone, of all the competitors, had already 
been carrying the mails for Government over a part 
of the same line—a duty which had been performed by 
the contractor in a most efficient manner, though at a 
heavy pecuniary sacrifice. Then the fact of having 
other large and efficient steamers plying to the same 
seas was a material guarantee for the punctual per- 
formance of the new mail service, as if one of the 
Indian steamers broke down or was accidentally dis- 
abled, there were other steamers on the spot which 
could take her place. The General Steam Navigation 
Company possessed no suitable vessels, and would have 
to build them. But there was no certainty that when 
built they would satisfy the required conditions. The 
British Queen was known to be weak, and the Presi- 
dent was soon afterwards lost. Altogether it was 
judged proper by the Government to give the contract 
to the P. and O. Company, and Captain Bourne be- 
came contractor for the Indian as well as for the 
Peninsular mails, and so continued nearly up to the 
time of his decease in 1851. 

Although, however, the contract to carry the mails 
to Alexandria was given to the P. and O: Company as 
the only party competent at the time to undertake the 
duty, there were other parties nevertheless in the field, 
some of whom were possessed of much more influence 
than the P. and O. Company could at that time com- 
mand. A company proposing to establish improved 
steam communiction between England and India was 
formed in London with a most influential direction— 
Mr. T. A. Curtis, then chairman of the Bank of Eng- 
land, being the chairman of it—Captain Naire, Sir 
John Pirie, and other influential City men, directors ; 
Mr. Stephenson, now Sir Macdonald Stephenson, 
secretary, and Captain Barber, marine superintendent. 
Then another company, in some measure In correspon- 
dence with the above, was formed in Calcutta by Sir 
Thomas Turton; and this company built one vessel, 
the Precursor, to ply between Calcutta and Suez. 
With this company the house of Cockerell and Com- 
pany was connected, of which house Sir George Lar- 
pent was the head in this country. The security of 
the P. and O. Company’s position was at the outset 
very materially impaired by the existence of so powerful 
a body of opponents; and overtures were made to 
Mr. Curtis by Messrs. Willcox and Anderson, through 
Mr. Thurburn, one of the directors in Mr. Curtis’s 
company, with the view of bringing about amalgama- 
tion with the P. and O. Company on equitable terms, 
so that the enterprise of establishing steam communi- 
cation with the Kast might be prosecuted with the 
united strength of all the parties interested in the suc- 
cess of such a measure. But this negotiation failed, 
and no result ensued from it, unless it were the crea- 
tion of greater estrangement. Subsequently, however, 
communications were opened between Captain Barber 
and Mr. John Bourne, civil engineer, son of Captain 
Bourne ; and negotiations ensued, which ended in 
the incorporation of the different interests. Sir George 
Larpent Soames chairman of the consolidated company, 
Sir John Pirie, Captain Nairne, and Mr. Thurburn, 
directors; Captain Barber, superintendent of the 
parcels department; and Sir M Stephenson became 
secretary of the Transit Company, by which the con- 
veyance of goods and passengers across Egypt was to 
be carried on. The other directors of the company at this 
time, besides Messrs. Willcox, Anderson, and Carleton, 
were Captain Bourne, Mr. Hartley, Captain Thornton, 
Mr. Ewart, Mr. C. W. Williams, and Mr. Zulueta. Sir 
John Campbell was deputy-chairman. He was the 
brother-in-law of Mr. Browning, the solicitor of the 





new company, and who had previously been the Penin- 
sular Company’s solicitor. Captain Thornton came in 
through Willams, Deacon, and Co., the company’s 
bankers. Mr. Ewart and Mr. Williams had been 
directors in the Transatlantic Company, and came in 
with Mr. Carleton. Mr. Zulueta was Mr. Willcox’s 
son-in-law, and his house was the Peninsular Com- 
pany’s agent at Cadiz. 

It is worthy of remark that, at its initiation, the P. 
and O. Company was almost wholly an Irish concern. It 
sprang from the conjunction of the energy, skill, and 
means of two Dublin companies. The early share- 
holders were, to a very great extent, Irish ; and this 
indeed continues to be a characteristic of the company 
even at the present day. Captain Bourne was at one 
time reputed to be the largest proprietor of steam 
vessels living, and probably he was also the most 
enterprising and energetic. 

It was a condition of the charter, granted to the 
company in 1840, that it should open an improved 
communication with India within two years from that 
date, otherwise the charter would be null. Accord- 
ingly the directors proceeded to build a new vessel, 
the Hindostan, which was despatched from South- 
ampton to Calcutta on the 24th September, 1842, to 
ply between Calcutta and Suez. In 1844 the Bentinck 
was built, and the Precursor purchased ; and a contract 
was concluded to carry the mails, monthly, between 
Suez and Calcutta for 115,000/. per annum, and be- 
tween Galle, Singapore, and China for 45,000/. per 
annum, the former contract being at the rate of 1/. per 
mile, and the latter at the rate of 12s. per mile. These 
vessels continued to ply on the eastern side of Egypt 
in conjunction with the Great Liverpool and Oriental 
on the western side for some years, and maintained a 
very efficient steam communication between England 
and India. In course of time the Great Liverpool was 
lost by running ashore on the coast of Spain, and the 
Hindostan was withdrawn from the Kast, and set to 
ply between Southampton and Alexandria, so as to be 

etter within reach of repair to her boilers, which, by 
that time, were getting thin. In 1847, when the 
writer of these remarks first went to India, he sailed 
from Southampton in the Hindostan, then commanded 
by Captain Lewis, and at Suez embarked in the 
Bentinck, then commanded by Captain Kellock, and re- 
turned from Calcutta to Suez in the Precursor, then 
commanded by Captain Powell, who had previously 
been mate of the Royal Tar, under Captain Brooks. 
Before this time the four new iron steamers, Pottinger, 
Ripon, Indus, and Haddington, had been built by the 
company ; and the writer returned from Alexandria to 
Southampton in the Ripon, then commanded by Cap- 
tain Moresby. ‘This officer had been in the service of 
the East India Company, and had been engaged by 
them to make a survey of the Red Sea; and when the 
P. and O. Company began to run their vessels upon 
that narrow and unknown tract of water, they very 
wisely engaged Captain Moresby to command their 
first vessel, the Hindostan, which he did, with much 
success, so long as she remained on the station. 

The main difficulties incidental to the establishment 
of the P. and O. Company may be considered to have 
been surmounted in 1840, when the function of carry- 
ing the mails by steam vessels on the sea with speed 
and regularity had been successfully performed for 
some years, when a profitable extension to the East 
was projected, together with the offer of the vessels 
necessary for carrying it out, and when, by the acqui- 
sition of a new contract, the revenue was increased. 
Then, by the incorporation of Mr. Curtis’s company, 
an important acquisition of strength was obtained? and 
the risk of formidable competition prevented. From 
that time the strain on the management has not been 
nearly so great as it was before. The ship got into 
quiet waters ; whereas up to that time the anxieties 
and responsibilities were enormous. ‘The mechanical 
difficulties alone were not small, as, when the Peninsular 
Company was established, there was no experience in 
mercantile companies of voyages of such great length 
carried into countries so destitute of all means of ren- 
dering mechanical aid in the event of any disarrange- 
ment to the machinery, however slight. ‘Then, at that 
time, marine engineers were neither so skilful nor, as 
a rule, so reliable as they are now ; andif a boiler were 
salted too much, the blame would generally be put 
upon the concentrated nature of the water of those 
foreign seas, which rendered such risks inevitable, and 
the fact of which nobody could then disprove. It was 
only by degrees that these and numerous other similar 
impediments could be surmounted ; and many matters 
which now appear small in the recital were felt at the 
moment to be sufficiently formidable and vexatious. 


The grand difficulty of all, however, was that the line 





was not a remunerative one; and endless distractions 
had to be encountered, and a high rate of efficiency had 
to be maintained, while the contractor was all the 
while losing money. Spite of all such difficulties, how- 
ever, the work was done, and done well, and the reward 
was final success, though the harvest of that success 
has mostly been reaped by those who did little in sowing 
the seed or in bearing the burden and heat of the day. 








WATERWORKS IN ALTONA. 


Tue town of Altona, in the Duchy of Holstein—virtually a 
suburb of Homburg, from which town it is separated only by a 
ditch, and by political boundaries now rapidly. disappearing — 
contains about 50,000 inhabitants. The waterworks of this 
town, which form the subject of our illustrations on pages 494 
and 495, were completed in 1859 from designs made by Mr. T. 
Hawksley, C.E., carried out by Messrs. York and Co., con- 
tractors, for a company formed by capitalists in Altona and 
Homburg. Mr. William Lindley, engineer of the Homburg 
Waterworks, acted as consulting engineer to the company. 

The town is situated near the mouth of the river Elbe, and, 
after some consideration, a site was chosen for the works by the 
side of that river, but removed a considerable distance from 
the town. The pumping-engines have been placed close to 
the river, and ut the foot of a hill about 300 ft.in height. On 
the top of this hill are placed the filter-beds and reservoirs, 
from which the water descends by gravitation to all parts of the 
town. 

Fig. 1 represents a section through the engine-house, boiler- 
house, and a small building containing the air-vessel; lig, 2 
shows the same in cross section, and Fig. 3 in plan. ‘These 
buildings contain two 60 horse-power engines made by Messrs. 
Hawthorn and Co., of Newcastle, four Cornish boilers, and the 
necessary store-rooms for coal and other material. The engines 
are double-cylinder Woolf engines, with crank and fly-wheel on 
the pump side of the beam, and the high and low pressure 
cylinder, with air-pump and feed-pump, on the opposite side. 
The low-pressure cylinder, 35 in. in diameter, 7 ft. stroke, works 
with a radius of 12 ft. 6in.; and the high-pressure cylinder, 
20 in. diameter, is placed at three-fourths of tuat distance from 
the centre of the beam, its stroke being 5 ft. 3 in. 

Steain is admitted to the small cylinder at 28 lb. boiler pressure 
and cut off at Zths, #ths, or $ths of the stroke, and expanded 
thence into the large cylinder. The capacities of the cylinders 
being, respectively, 46.75 cubic feet, and 11.5 cubic feet, this 
gives an expansion to 54,7, and 8 times the original volume of 
steam, Hear ye preg to an ultimate pressure of 3} 1b. on the 
square inch of the low-pressure piston in the extreme case, inde- 
pendent of the loss of pressure due to condensation and other 
causes, which, however, are partly counteraeted by a steam 
jacket on the large cylinder receiving steam from the boilers 
direct. The fly-wheel is 20 ft. 8 in. in diameter, and of 16 tons 
weight, 10 tons 15 cwt. being carried in the rim, which is 16 in, 
broad by 18 in. deep. The eight spokes are of }¥ section, bolted 
to the nave and keyed to the rim. The fly-wheel shaft is 11 in. 
diameter, and makes fifteen revolutions per minute, giving to 
the rim the high velocity of 1035 ft. per minute at the 
periphery. 

The bearings of the fly-wheel shaft are each 164 in. long, 
by 9}in. diameter, and the plummer blocks are held down 
by 24 in. bolts, which pass through the foundation walls. 
Kach of the two engines is independent of the other having its own 
fly-wheel, and working a separate = p. The pumps being placed 
at one-half the radius of the beam, have 3 ft. 6 in. stroke, 
Their cubical contents give 8} cubic feet me stroke; the 
quantities stipulated by the contract, viz. 7$ cubic feet delivery 
per stroke, equal to 700 gallons per minute when making fifteen 
double strokes, being thereby exceeded in actual practice. The 
air-vessel is 5 ft. diameter, 18 ft. high; and the pipes from both 
pumps, each 15 in. diameter, lead into it, whilst the 
supply of air is kept up by two small air valves fixed to the 
pumps, which admit a small quantity of air at each stroke. 
This has the additional advantage of cushioning the shock of 
the water in motion at each change of the position of valves. 
The suction pipe, 2lin. in diameter, is composed of cast-iron 
pipes, in lengths of 9 ft., turned and bored out at the joints, and 
caulked with lead. It is 735 ft. long, and leads into a strainer, 
which is enclosed in a square casing 10 ft. long by 8 ft, square, 
This lies imbedded in the river upon a foundation of piles, so as 
not to interfere with the navigation in any manner, nor to be in~ 
terfered with by the latter. 

The consumption of fuel was stipulated by the contract not to 
exceed 224 lb. of Newcastle coal per hour for raising 700 gallons 
of water per minute to the height of the top reservoir, placed at 
275 ft. above the mean water-level of the Elbe. This, being 
equal to the work of 58.52 horse power, gives a consumption of 
3.33 lb. per effective horse-power per hour. At the trials made 
with these engines, each trial lasting twenty-four hours, the 
actual work performed was 62.45 horse power, with a consump- 
tion of 3.63 Ib. of coal when using two boilers; and 62.80 horse 
power, with all three boilers working, were obtained with 3.34 lb. 
per borse-power per hour. The results of practical working 
through several years, which have since been observed and pub- 
lished by Mr. W. Kiimmel, the resident engineer of these works, 
are, of course, higher in the relative figures, which is due partly 
to the intermittent working of the engines and partly to other 
accidental causes. The engines use 4.841b. of coal per horse- 
power per hour, without the fuel wanted for raising steam and 
other accidental additions which raise the gross quantity of coal 
used to the considerable quantity of 6.08 lb, per effective horse- 
power per hour as an average throughout one year. . 

The water is pumped into the highest reservoir, from which it 
passes through strainers into the other compartments destined for 
settling and filtering. The first reservoir is 129 ft. long, 66 ft. 
wide, capable of holding water to a depth of 7 ft. The surplus 
passes through overflow openings of 6 ft. width, three situated 
on each side in the adjoining strainers, which are filled with 
gravel to the ——_ of 5 it., and allow the water to pass through 
that layer into the two settling reservoirs. These are 138 
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long, 66 ft. wide each, and 11 ft. deep at the sides, the bottom in- 
clining towards the centre, which has 12ft. depth of water. 
They deliver the water to tlie filters, each reservoir supplying 
two of the latter, which are on the principle introduced by Mr. 
Simpson at the Chelsea Waterworks, and have the dimensions of 
138 ft. length, 66 ft. width, and 11 ft. depth. These four filter- 
ing-beds are capuble of filtering over three million gallons per 
day, giving an average supply of 62 gallons per head in a town 
of 50,000 inhabitants. 

The reservoir for holding the purified water is covered with 
brick arches carrying a stratum of earth 3 ft. thick on the top. 
The bottom is formed of a layer of Portland cement 1 ft. in 
thickness. This reservoir is divided by partition walls into 
twenty-four compartments, which are in communication with 
each other, the walls serving only as supports for the arches. 
The water stands 12 ft. deep in ‘tLis reservoir, and the bottom 
of each compartment is formed with clay covered with a tile 
flooring. The total quantity of water stored in all the reser- 
voirs is 457,000 cubic feet. The delivery pipes are 16in. dia 
meter for a length of 20,700 ft., and 15 in. diameter for a length 
of 13,300 ft. ; the total system of pipes measures about 150,000 ft., 
or nearly thirty miles in length. All pipes are of cast iron 
made by Messrs. Losh, Wilson and Co., and Messrs. Bell 
Brothers, of Newcastie; they are tested to a pressure equal to a 
column of 600 ft. of water, and are laid 5ft. below the pave- 
ment to protect them from frost. The arrangement for sup- 
plying water to fire-engines, and for sinwilar purposes, is illus- 
trated in Figs. 7 and 8, 

The great distance of the reservoirs and engines from the 
town made it desirable to have an extra reservoir within the 
town itself, to supply a considerable quantity on an emergency 
in case of an accident happening to the pipes or machinery of 
the waterworks. For this purpose an elevated reservoir has 
been constructed by Mr. Lindley in the vicinity of the railway 
station at Altona. This reservoir contains 16,000 cubic feet 
of water at a height of 135 ft. over the river level. - It is 
filled from the waterworks with filtered water, but in case’ of 
need could be supplied with water from the river direct by set- 
ting the stationary engine at the railway station to work at a 
pump. This reservoir consists of a cast-iron tank, 42 ft. dia- 





meter and 12 ft. deep. It rests upon a massive building, con- 
sisting of walls, arranged as shown in the figures 9 to 12 on the 
present page. These foundations are arched over so as to form a 
basement story, and the reservoir rests upon the top of all the 
arches. The pillars supporting the arches are continued above and 
carry a wrought-iron roof, which rests upon them independent 
of the reservoir, so as to give the latter no other strain but the 
weight. The total cost of these works, including all expenses, 
was about 80,000/., of which the engines, with boilers and fit- 
tings, cost 7000/, and the reservoir at the railway station 
30002. 

The water is not only used for household and public pur- 
poses, but it also supplies power for working machinery, to 
which it is particuliarly suited, on account of the high pressure at 
which it is supplied, varying from 95 lb. to 100 lb. on the square 
inch in the Tew parts of the town. This» great pressure 
necessitates considerable caution in the manner of opening and 
closing valves, so as to prevent too rapid action and destructive 
shocks. The valves found most suitable are Lambert’s patent 
and Aird’s screw-piston valves. 


HIGH-PRESSURE TURBINE.—A turbine upon Schiele’s prin- 
ciple is now in course of construction at the North Moor 
Foundry, in Oldham, for a slate quarry in Wales, having a fall 
of water of 1000 ft. The turbine is constructed with a horizontal 
shaft of steel running in wood bearings. It is 30 in. diameter, and 
will be of 16 horse power. The blades are made of steel and 
cast into the body of the reaction wheel, and the inlet passage 
is faced with steel to a considerable distance from its end, in 
order to resist abrasion by the water under the heavy pressure. 
This is believed to be the greatest height of fall ever made use 
of for motive power, the nearest approach to it being in the case 
of a turbine working in the Black Forest, in Germany, constructed 
by a Swiss engineering firm for a fall of about 800 ft. This latter 
is a horizontal turbine having a vertical shaft, and great diffi- 
culties have been experienced in working by the quick destruc- 
tion of the step at the foot of the main shaft under the great 
pressure resting upon it. Such difficulties will be avoided in the 
new turbine by giving long bearings to the horizontal shaft so 
ag to divide the load over a large surface. 





Locomotives.—The number of locomotives at work on the 
railways of England and Wales at the close of 1865 was 5968; 
on the railways of Scotland, 1026; and on the railways of 
Ireland, 420; making a total of 7414. At the close of 1864, 
the number of locomotives at work on English railways was 
5708; on Scotch railways, 1072; and on Irish railways, 423; 
making a total of 7203. The number of additional locomotives 
placed on the railways of Great Britain and Ireland in 1865 
would thus be 211. Allowing 8 per cent. for deterioration and 
accidents, 576 locomotives would require to have been built in 
1865 to maintain the stock existing at the close of 1864. It is 
to be feared that upon some struggling railways the stock is 
not carefully replaced as it wears out, but there appears little 
reason to doubt that the home demand for locomotives 
amounts to about 750 annually. 

BELGIAN AND ENGLIsH [Ron.—Some Belgian statistics which 
we have received this week do not at all support a theory which 
has been set up of late in some quarters, to the effect that 
English iron is being superseded by Belgian. Thus the exports 
of pig iron from Belgium to October 31 this year were only 
13,000 tons, while in the same period of 1864 they were 23,000 
tons. On the other hand, the imports of pig iron into Belgium 
in the first ten months of 1866 amounted to 27,000 tons, while 
in the same period of 1864 they were only 6700 tons. . A large 
lap of the additional imports this year came from England. 

n the first ten months of 1864, the exports of rails from Belgium 
were 68,300 tons, while in the same period of 1866 they declined 
to 60,600 tons, of which, by the way, Russia absorbed more than 
half. The exports of plates from Belgium in the first ten months 
of this year only amounted to 14,000 tons, as compared with 
15,500 tons in the corresponding period of 1864. 

Tue Henwoop Scuemr.—tThe secretary of the American 
navy observes in his last report that *‘ Armoured vessels for 
ocean cruising must necessarily be of large size, which cannot, 
with the requisite strength, be secured in wooden structures. 
If attempted, the immense masses of timber must rapidly 
decay, and the cost resulting from deterioration will be such as 
no economical and prudent nation will consent to sustain,” This 
meets Mr. Henwood’s case exactly, although not written with 
any intentional reference to him. 
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THE WATERWORKS AT ALTONA. 
(For Description, see cpposite Page. ) 
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WATER-TUBE BOILERS. 
To tHe Eprror or ENGINEERING. 

Srr,—In the number of Exncrveertve of November 16th 
you illustrated a small water-tube boiler, designed by me, and 
erected at the Walker Ironworks; and I notice in your number 
of 7th inst. a letter from Mr. James Howden, of Glasgow, 
stating that the boiler referred to is precisely the same as seve- 
ral made by him on his patent of January, 1862, and that your 
illustrations would have served, almost without any alteration, 
for his boilers. I bave seen Mr. Howden’s boilers, as con- 
structed by him about three years ago, and they were certainly 
very different from the illustrations to which he refers: correct 
drawings of them would require to be very much altered to 
serve as illustrations for my boiler. Mr. Howden's boilers are, 
as he describes them, composed of end water-chambers, the 
tubes between connecting these chambers and cylindrical 
steam receivers; but boilers of this general description 
have been patented, and I suppose that they have alee been 
made in England more than twenty-five years ago. Mr. How- 
den connects the end chambers with ranges of horizontal water- 
tubes. The tubes are comparatively short, about the same 
length as the firegrate, and the water level, I understand, 
usually in the top row of tubes. He states that he found his 
tubes to be rapidly destroyed, and I think any other result 
could hardly be expected—no provision was made for a proper 
circulation of the water through the tubes, and in this respect 
the whole’combination was very imperfect. Mr. Howden gives an 
example of one of his boilers fitted on a steamer, and states that 
some of the tubes were destroyed by the action of the fire on 
almost every voyage to the Mediterranean and back, although 
the engines were fitted with a surface condenser, the waste being 
made up with salt water. The boiler you illustrated is worked 
with impure salt water, except a small portion of the supply, 
which is taken from a small surface condenser. The tubes have 
not given any trouble, and they are not injured by the action of 
the fire. 

The principal peculiarity of the boilers you illustrated is that | 
the tubes are made very long. With a’ proper combination for en- | 
suring a circulation of the water through the tubes, there is no | 
difficulty when they are made of 15 ft. or 20 ft. length; and the 
arrangement makes both a cheap and good boiler. 

The gases up among and along the tubes to the flue, 








nd not, as Mr, Howden supposes, directly into the flue from the | © t 


grate. Mr. Howden’s plan of staying is, no doubt, very good, but | 
with very long tubes I prefer the stays as sh i 
tration. When a tube is fixed with a good 
depended on as astay. The only diffic 





is to prevent the strain 





from being concentrated on any one tube 
rours truly, 

WitLiaAM [yGuts. ; 
, Bridge-street, Manchester, December 11, 1806 | 
We owe an apology to Mr. Inglis for the delay ting | 
letter. Ep. E.] 

NEGATIVE SLIP 
To rue Evrron or ENGIneerrc 
\ 


t very long ago a naval architect, in t 
number of scientific gentlemen, who made n 
his statement, told the tale of a screw propeller, 
had travelled a distance of 4000 miles, while the 

it belonged only performed a voyage of 3400 miles. | 

known tables which record the “ Trials made in H.M. Screw 
Ships and Vessels,” we meet with columu after colun 

* Rate (of Propeller)in Knots,” from which itv 
the screw generally wins the race, but also, on rare occasions 
lags behind. We used to have it explained to us in every pos- 

sible form of expression—and Mr. Bourne, in his valuable work | 

on the serew nn r, himself has teld us that w t ss 

moves forward a less distance, at every tu: t t 
that represented by the pitch, “ positiv p” was i 

but when the vessel moves over a greater s 
negative slip” was exhibited, and that 

utter kind of slip must be considered a very ext 
iom ilous phenomenon. p 
In his recent communication to you, however, Mr. b 


Sop 
PIR, ss 






uid Appear that 








makes the following and to me novel statement I 
“the ship is propelled forward through, say, 10 knots 
‘hour, the water is probably f reed backward y about 2 
knots; which relati ndicate by sa, sli 
screw about 20 cent.” And im accounting 
oceurrence of negative slip, Mr. Bourne « ves, a litt 
on, that. “the water which the screw works in has al 
“amount of vis viva urging it forward greater than t! - 








“parted by the screw in ur, it t 
Bourne kindly inform me how, if these definitions 
the existence , of either positive or negative sup ca rec 
nised ? 

I consider, and always have considered, both positive sli 

gative slip, as hitherto generally understood, to be pet ly | 

ratuitous and arbitrary terms, because they Go NOt, as they are |} 
meant to « express any relation Whatever between the ad € 

f the screw and that of the ship, for the simple reas 





ship and the screw are compelled to move tog 


say that Mr. Bourne's explanations place 





cannot 
i Cleater 


In the case of the paddle-wheel, we hac. 2 real ¢ 


tween the rate of the propeller and the speed of the vessel te 
deal with. Next, as the screw happened to move transversely 
to the ship's course, the pitch was unanimonsly elected to repre- 
sent the rate of the screw, and we thus contrived to provide our- 





selves with some interesting topics of discussion, in the shay 
imaginary differences between the rate of the propell 
speed of the vessel. And now, unless I quite misapy 


rguments, the propeller has ceased to have anyt 








Bourne's ) 
t all to do with the ship. ' 
Unless Mr. Bourne has renounced all faith in those valuable 





results of actual experiments which he has been mainly instru- | di 
. “ : 





mental in bringing before the public, he 1 
anybody else, that negative slip (as | 
pends upon the resistance of the vessel 
no the one hand, and upon the dimensions and proport 





wn in your illus- | — 
expander, it can be | 


weight of the reciprocating parts bei 


screw on the other hand, and upon nothing else. And if Mr. 
Bourne will favour me with the particulars which I enclose to 
you, I will undertake to work out, within such limits as he will 
admit to be reasonable, the result of any case of screw propul- 
sion which may be known to him. 

12th December, 1866. Cc. 


Particulars referred to. 


Ves sel.—Resistance, independently of screw, at any given 
speed ; or, if that is not known, the usual dimensions of the ship, 
and mean draught of water, at the time of trial, 

Engines.—Whether non-condensing or condensing, direct 
acting or geared (if the latter, multiple of gearing); number 
and diameter of cylinders; length of stroke; part of stroke at 
which steam is cut off. 

Screw, of Uniform Pitch and Length.—Diameter and pitch, 
and length of each blade in direction of axis; immersion to 
centre of shaft; thickness of blade at external circumference 
and at root; diameter and length of boss; mean diameter and 
length of screw-shaft. 








COUNTERWEIGHTING LOCOMOTIVES. 
To tHe Epitor or ENGINEERING. 

Sir,—Having read “ Inquirer’s” letter, I beg to reply to it. 
It is quite true that when the piston is at the end of the stroke, 
the centrifugal force of the counterweight acts, unbalanced, in 
the horizontal line (as stated in my demonstration) ; but this is 
only for an infinitely short = of time, which I believed I 
proved in my former letter. When the piston is at the middle 
of the stroke, its velocity is for an instant constant ; and what- 
ever its momentum may be, it cannot exert any pressure so long 
as its speed, and consequently its momentum, remains unaltered ; 
therefore were the counterweight placed at right angles to the 
crank, its centrifugal force would act unbalanced in the horizon- 
tal line; and as the change in velocity of the piston when near 
dle of the stroke is very slight, the pressure on the 
crank-pin arising from this change would not balance the hori- 
zontal component of the centrifugal force of the counterweight 
for about two-thirds of the stroke, and during the remaining 
third it would exceed it. The object of Mr. Makinson's letter 
ared to be to point out the oscillation that the vertical 
component of the centrifugal force must produce. I have since 
ticed that counterweighted engines oscillate, whilst the un- 
counterweighted ones are quite steady with the exception of the 
us motion, which counterweights prevent. It would be 
worth while to put a half-weight counterweight on an engine, 


















and see whether it was not steadier than the present engines, 

iterweighted or not. My demonstration was written for 
horizontal stationary engines, and was not altered when Mr. 
| Makinson’s letter induced me to publish it. ‘ Inquirer” says 


of the reciprocating parts reduces the pressure 
in; so it does during’ the first half of the stroke, 
nereases during the secund half, and this will remain the 
in spite of the counterweight. “ Inquirer ” objects to the 
a counterweight, because it acts through the centre of the 
k-shaft, whilst the inertia of the reciprocating parts acts 

tl itre of the crank-pin, but he appears to forget 
the crank-pin can only be transmitted to the en 
hrough the crank-shaft neck. 


liagram f the pressur¢ 









the piston and 











supposititious engine, whose cylinder is $2 in 
ieter, Sift. stroke, making 40 revolutions per minute, the 
3216 Ib., or 4 1b. for 


4 
nee between the ] 






¥ squ of piston. The differ 
S on piston and crank-pin is calculated as follows: In my 
proved that the pressur: crank-pin at any 
nt, arising from the inertia of the reciprocating parts, 
ls the cosine of the angle which the crank makes with the 
n X velocity of crank-pin* x weight of i i 
th of crank x 32.166) mala in thin ineteames 
crabk ve. ); €Quass in this instance 


36.8 x 4* 






ent 


tS — (ie 
=¢ a 
L.0l the Stroxe be divided into ten parts corresponding 


; also let 




















5 
so. re arising from inertia of reciprocating parts 
= 21.7 
Vv 
] = 0 Pressure = 0 
= 1 = 43 
= 2 = &6 
= 8 = 13.0 
= 4 = 173 
= == 21.7 
These v Ss st nd added to the pressure on the in- 
ie: g give the pressures on the crank-pin. 
1 am, Sir, your obedient Servant, 
* The weight 4 lb. is the weight per square inch of piston. 


the reciprocating | 








| 
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THE PROBLEM OF CANAL LOCKAGE. 
To tHe Eprror oF ENGINEERING. 

S1r,—I have lately had occasion to examine into the question 
of the expenditure of water on canals by lockage, and I believe 
I have arrived at certain results which are not contained in all 
works treating of canals, neither do I find them (with one ex- 
ception) known to any one of the many engineers with whom I 
have conversed on the subject. I therefore venture to send you 
a statement of these results, thinking that, although it is hi dily 
probable they are already well known to some of your readers, 
and perhaps have been published in some works, they may, 
nevertheless, be interesting to others who, like the many pro- 
fessional friends to saan | have spoken, have not had the in- 
formation before them. 


Locks on CANALS. 

By the size of the lock in the following statements is always 
intended the area of the lock multiplied by the difference of 
level in the water above and below the lock, and wholly irre- 
spective of the question whether the canals above and below be 
less in depth than, equal in depth to, or greater in depth than 
this difference of level, i.c., whether they be like Fig. 1, Fig. 2, 


or Fig. 3. 
1. If barges be continuously locked down through a single 
lock, and if be not taken up, 


Then, the water expended=the size of the lock—the size of 
the barge; so that if the barge he 2 of the lock, then } of a lock 
will be used; if it be equal, none will be used ; if it be larger, then 
& minus quantity will be used ; in other words, water will be sent 
up. That is, a barge of 14 locks in size will send up 3 lock of 
water. 

But in all cases the diminution of the head of water above, 
and the addition below, will equal that due to the abstraction of 
1 lockful. 

2. If barges be continuously locked up through a single lock, 
and if barges be not taken down, 

Then, the water expended=the size of the lock+the size 
of the barge; so that if the barge be 4 the size of the lock, 
then 12 lockfuls will be expended; if equal to the lock, then 
2 lockfuls, and so on. 


FIG. 











FIG, 3. 


But in all cases the diminution of the head above, and the 
addition to the head below, will equal the effect of 1 lockful. 

3. If barges be alternately locked down and up through single 
locks, and if the barges be all of one and the same size, 

Then, whether the barges be large or small, there will be 1 
lockful of water expended for each pair of barges. 

And in all cases the diminution of head above, and the addi 
tion to the head below, will equal the effect, 1 lockful per pair 
of barges. 

3a. If the barge up be larger than the barge down, then the 
water expended=1 lockful-+the difference between the bar, 

But the difference in head will still be the effect, 1 lockful 
pair of barges. : i 

3n. If the barge up be smaller than the barge down, ther 
water expended=1 lockful—the difference between the b: 
the difference in head will be still the effect of 1 lockful 























air of barges. 
ad . . 7 } + . 
ilts obtained by the use of single locks are obta 





if eT 
All the resu 1 
le with double locks, with this difference, that a half lock is to 
be substituted in all cases for the whole lock. 





Summary. 

In any u ing, that is, locking in one direction only, 
either up or down, the variation of the head is equal to the effect 
of 1 lockful per barge locked through, if the lock be a single lock, 
and to that of half a lockful, if a double lock. If, however, the 
barges be locked alternately up and down, then the variation of 
| ly equal to the etiect of 1 lockful per pair of barges 
> lock, and half a lockful per pair if a double lock. 

I am, Sir, 
Your obedient Servant, 
rge-street, Westminster, S.W., B. 
13th December, 1866. 
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STEAM TRACTION ON CANALS. 
To tHE Eprror oF ENGINEERING. 

Sir,—Observing Mr. Bourne’s letter in your last number re- 
lative to steam traction on canals, I would remark that the 
want which Mr. Bourne mentions, namely, that of a good pro- 
peller for canal boats and vessels of light draught, has been, I 
think, very ingeniously and satisfactorily met by an invention o! 
a gentleman in this town. Mr. Jopling’s patent consists of a 
horizontal wheel working on a vertical shaft which is stepped on 
the keel of the vessel, which is continued aft for the purpose; a 
guard or casing which covers this. wheel for about three-fourths 
of its circumference is supported on a hollow shaft, inside which 
the shaft carrying the wheel works, and accordingly as the open 
portion of this casing is pointing aft, forward, port, or starboard, 
the water issuing thence propels vessels in the opposite direction. 
It is thus seen that the engines, in the first place, require no 
reversing or stopping to manceuvre the vessel, and, the wheel 
being horizontal, the draft of water required 1s very little, as 
little as 9 to 12 in. being enough. 

The results, so far, on a small vessel fitted up have been very 
satisfactory, and, for the purposes for which it was designed, 
viz., ease in manceuvring, working in safety, in vessels of war 
and in shallow waters, it seems in every respect well adapted. 
Mr. Jopling having put the matter in my hands, I shall be 
1 to give any information to those interested in the matter. 

' : Yours obediently, 
Sunderland, 44, West Sunniside, RatpuH Hart TWEepDELL. 


Dee. 18th, 1866. 
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KURRACHEE HARBOUR WORKS. 
(Continued from page 454.) 


Beror: finally recommending the construction of any 
specific works, Mr. Parkes was engaged to proceed 
to Kurrachee to make further surveys of the harbour, 
and to collect such information as respects the levels and 
stratification of the ground, the tides,andthe nature and 
prices of building materials, &c., as would enable Mr. 
Walker to make more detailed designs and estimates 
of such works as he might then think suitable for 
effecting the object in view. For this purpose Mr. 
Parkes left England in September, 1857, and returned 
in May, 1858; and although during that period he 
was necessarily unable to make any personal observa- 
tions during the action of the monsoons, he succeeded 
in collecting a most valuable amount of information. 
In the following October Mr. Walker submitted a 
second report, embodying his recommendations for the 
improvement of Kurrachee Harbour, which were as 
follows : 

Ist. The construction of a groyne or breakwater 
pier, 1500 ft. long, nearly in continuation of Manora 
Head, the body of the pier to be raised 6 ft. above 
monsoon high water, and to have an elevated footway, 
sheltered by a parapet 17 ft. above high water, to give 
access at all times of tide to the end of the pier, and to 
a proposed lighthouse there, the uses and objects 
of this groyne being to quiet the entrance of the har- 
bour by shutting off and breaking the south-west, 
which are the most violent and dangerous seas, and to 
detain behind it any sand that might be brought from 
the westward ; its tendency would also be to throw off 
the cross tide from the harbour’s mouth, and to allow 
the tidal current out of the harbour to act upon the 
bar, and by its clear straight shoot to drive the bar into 
deep water. Estimate, 110,000/. 

2nd. The construction of a stone bank or groyne 
upon Keamari Sand-spit, 7400 ft. long, the top being 
2 ft. Gin. above monsoon high water. This would 
prevent the waste of water to the eastward, and con- 
fine the ebbing and flowing currents to the harbour 
channel, so as to direct them upon the bar; it would 
also stop the movement of sand from the eastward, 
which was taking place to a considerable extent, and 
was narrowing the channel upon its eastern shore 
south of Keamari. Estimate, 42,0007. 

3rd. The erection of an east pier, in continuation of 
the Keamari Groyne, 2600 ft. in length and 2 ft. 6 in. 





which he strongly advocated the immediate execution 
of the following works :— 


1st. The Manora Breakwater, to the extent and in 
the line laid down by Mr. Walker. 

2nd. The prolongation of the Keamari Groyne 
(East Pier) to its height for 1000 feet, and thence 
for a further 500 feet with its top sloping from high- 
water to low-water levels. 

3rd. The removal of hard material from Deep-water 
Point at the discretion of the superintendent. 


The Bombay Government immediately issued orders 
for carrying out the 2nd and 3rd of these works, and 
ordered also that the approach to the breakwater along 
the ‘east of the Manora Cliff should be at once put in 
hand, so that the actual breakwater itself might be 
begun after the approaching south-west monsoon of 
1864. Mr. Parkes in the same report stated that it 
might be necessary either to prolong the groyne on 
the westward side of the channel cothonet § from 
near Manora Jetty, for a sufficient distance to deflect 
the flood tide from the western shore and lead it into 
the same channel as the ebb, and, indeed, such an 
arrangement as this had been suggested as possibly 
necessary by Mr. Walker in his first report, written 
before Mr. Parkes had seen Kurrachee. A comparison 
of the charts of the harbour, showing the results of 
the surveys of 1857-58, January, 1864, and October, 
1865, show that considerable action had taken place at 
Deep-water Point, and the point had considerably 
diminished since the harbour works were begun. 

During the south-west monsoon of 1862, the eastern 
end of Keamari Island was cut away by the action of 
the sea to such an extent, that the width of Chinna 
Creek, where the stoppage was to be made, became 
2780 ft. instead of 1200 ft., as it was when Mr. Walker 
drew up his plans, and, consequently, extended works 
at that point became necessary. Without entering 
further, at present, on the subject of the works, we 
now proceed to state their present condition, and the 
extent to which Mr. Walker’s proposals have hitherto 
been carried out. 

Manora Breckwater.—No commencement has yet 
been made upon the breakwater itself; but the east 
approach to it, consisting of a road 1560 ft. in length, 
aud wide enough for a line of railway, was completed 
by September, 1864, and is now in a state fit for the 
laying of rail whenever required. 

Keawari Groyne.—This work, which was completed 
n March, 1863, has stood the subsequent monsoons 





above monsoon high water. This, however, it was 
proposed, should be postponed until the effects of 
the other works had been ascertained. Estimate, 
4( ),( 007. 

ith. The closing of Chinna Creek by a solid stone- | 
faced embankment, and the cutting of a new channel, 
whereby the flowing and ebbing waters to and from 
the portion of the estuary which lies to the eastward 
of the Napier Mole, through the harbour and its en- 
trance, thereby obtaining their scouring power upon 
the bar and entrance channels, and forming an exten- 
sion of the navig haunel up to near the town, 


















which would be avail: e for native craft. Estimate, 
27,0007. 

5th. The erection of a wrought-iron bridge over the 
roposed tidal opening in the Napier Mole, 1200 ft. 
long, and 40 ft. width of roadway. Estimate, 
40,0007. 

6th. The construction of a native jetty and quay in | 





the proposed new chai stimate, 28,0007. 

The estimated r the whole of the above 
works for the improvement of the harbour was 
287,000/., or, in round figures, 300,000/.; but, in addi- 
tion, Mr. Walker recommended an additional expendi- 
ture of 360,000/. for basi uays, and a graving dock- 
or, in all, 660,000 


ahle for ++ a 
angie lor an exXtensly 





7) 





fis 


in order to make Kurrachee suit, 
tr n shipping of large ton- 


nage. 

Early in 1860, orders were issued for the execution 
of the Keamari Groyne, the Chinna Creek Stoppage, 
the new Channel, the Napier Mole Bridge and the 
Native Quay and Jetty. These were proceeded with 
at once, and continued without interruption till De- 
cember 1863, when orders were issued to postpone the 
stoppage of the Chinna Creek, which was just about to 
be completed, in consequence of Mr. Parkes’s opinion, 
that i 









hat the increased scour which had resulted from the 
carrying out of the Keamari Groyne, which had been 
finished about six months before, should be allowed 


time to deepen the entrance to such ay extent that 
any possible small temporary deposit should not be in- 
Mr. Parkes, shortly afterwards, in January 
1864, again visited Kurrachee, and remained there for 
two months, after which he submitted to the Govern- 


wWran 
1Tlous. 





ment of Bombay a report, dated 15th March, 1864, in 


The whole of the stone tipped from wagons 
for the East Pier was carried along the Keamari 
Groyne. 

East Pier.—This work was completed up to 1500 ft. 
in length on 27th November, 1865, and seems likely 
to witistand any sea it is likely to encounter. 

Chinna Creek Stoppage.—This las been completed 
up to the original width of 1200 ft., and a staging 
has been carried across the subsequent opening, 
but no attempt has as yet been made to entirely 
close it 


1) 
very wel. 


Napier Mole Bridge.—This bridge has been completed, 
and is open for trattic. The slope of the approaches 
only remains to be completed, which they cannot be 
until the removal of the temporary embankment east 
of the bridge on which the Scinde Railway line runs 


|to Keamari, and this must be maintained until the 


time arrives for the diversion of the Chinna Creek 
water. Orders were given in January last for the re- 
moval of the portion of the Napier Mole opposite the 
bridge whenever convenient. 

New Channel.—The excavation of the portion west 
of the Napier Mole Bridge was completed, so far as to 

low of the dredging operations being suspended, on 
the 22nd October, 1865. The excavation of the por- 
tion east of the bridge has been continued, and is now 
nearly completed, so far as it seems advisable to carry 
the excavation until the action of the tidal scour is 
brought into play by opening the bridge. The exca- 
vated material has been used for reclaiming ground 
adjoining the harbour, both at Keamari and Kurrachee, 
to the extent altogether of 564 acres. 

Native Jetty.—This work, which is situated at the 
bend in the new channel, westward of the Napier Mole, 
has been completed, with the exception of 31 ft. adjoin- 
ing the bridge intercepted by the Mole, and has heen 
thrown open to the public, giving altogether 3325 ft. 
of wharfage. 

As anticipated, the waves and scour of the 1865 
monsoon acted strongly on Deep-water Point, so much 
so that it wat found requisite to proceed with the re- 
moval of the Port Department godowns, pier, and other 
buildings, toa safe position within the line of shore 





which it is proposed to maintain; the work has been 
commenced by the formation of an embankment of 
rough large blocks of Manora conglomerate along the 
proposed shore-line. The effects of the com leted 
works upon the harbour and bar have been as follows : 
The East Channel improved considerably during 1865- 
66 both in depth width, and favourable symptoms 
manifested themselves as the prospects of an 
improved channel through the bar; in the improve- 
ment of the direction of the currents over the bar; a 
disappearance of the coarse sand found on the bar of 
late years ; a weakening of the bar, particularly about 
the middle, and the removal of a considerable quantit 
of sand from the harbour, between Manora an 
Keamari, thus adding to the regularity and depth of 
the harbour currents. The east pier, or extension of 
the Keamari Groyne, is presumed to have aided largely 
in these favourable changes ; but, it is added iu the last 
yearly progress report, “too much reliance must not 
* be placed on the improvement in the bar continuing 
* without the shelter of the Manora breakwater.” The 
quantity of sand washed out from the harbour and en- 
trance between January, 1858, and May, 1866, is shown 
by the last surveys to have amounted to 32,699,455 
cubic feet ; the changes in Keamari Spit-sand, west of 
the Groyne, and above low-water mark during the same 
period, show a decrease of 6,275,483 cubic feet ; and 
the changes in Deep-water Point above low-water mark, 
a decrease of 205,500 cubic feet. 

From time to time, since the works were begun, 
objections to them have been raised. In November, 
1860, Lieutenant A. D. Taylor, LN., drew up a me- 
morandum on the subject, which was reported on by 
Mr. Walker, Colonel Turner, and others, but no further 
action on the part of Government resulted from it. 

In a report dated 19th May, 1864, Colonel ‘l'remen- 
here brought forward arguments against the entire 
scheme proposed by Mr. Walker. His objections were 
founded on his belief in a coast current during the 
south-west monsoon, carrying sand in large quantities 
from the mouths of the Indus to the harbour. To this 
action Colonel Tremenhere attributed the formation of 


contraction of the tidal water within the western 
channel, causing an increased velocity, the formation 
of the bar, where the greater velocity of the ebb tide 
merged into the ocean current. This, therefore, in 
Colonel Tremenhere’s opinion, was a strong argument 
against still further increasing the force of the ebb tide. 
Subsequent reports on the subject of the shore current, 
and on a former entrance to the harbour, which is 
stated to have existed through the present west sand- 
bank, at a point about eight miles from Manora Point, 
have been submitted to Government at different times, 
as well as the result of some experiments made by 
Colonel Tremenhere in July last, to prove the existence 
of the shore current. 

Lieutenant-Colonel Fife, in a memorandum dated 
21st November, 1865, gave his opinions on the sub- 
ject, which did not at all coincide with those of Colonel 
Tremenhere. He at the same time expressed doubt as 
to the advantage to be derived from the removal of 
Deep-water Point, thinking that such removal would 
have the effect of driving the entrance channel still 
further to the eastward. Lieutenant-Colonel Fife sug- 
gested that it might be better to form a small groyne 
immediately north of Deep-water Point, so as to 
prevent the ebb tide striking that point and being 
deflected. 

In the beginning of the year 1863, Major-General 
Walter Scott, then chief engineer at the Presidency, 
was sent by Government to Kurrachee to discuss the 
subject of the Kurrachee harbour works with the chief 
engineer in Scinde, the superintendent of the Kurra- 
chee harbour works, and the port officer, and one of 
the results of this discussion was, that raking the bar 
was tried, but with little good effect. 

The continued objections still urged by Colonel 
Tremenhere led, at there commendation of the Govern- 
ment of India, to a reference on the subject to Messrs. 
D. and T. Stevenson, of Edinburgh, who, in their 
report on. the subject, stated: “The question as to 
“whether the works contemplated will effect the object 
“in view we regret to be obliged to answer in the nega- 
“tive.” At about the same time that the scheme was 
referred to Messrs. Stevenson, a committee was ap- 
pointed to assemble at Kurrachee, who reported, “ 1st, 
‘that the effect already produced by the works already 
“ executed, has hitherto been greatly underrated, and 
“ much misunderstood; 2nd, that the effect is all in 
“ the precise direction anticipated by Mr. Walker ; 3rd, 
“ and that the effects so produced afford every ground 
“ for hoping that Mr. Walker's plan, if fully carried 
“out, would effect all that he anticipated.” 
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In consequence of orders sent out by the Secretary 
of State, the receipt of Messrs. Stevenson’s re- 
port, instructions were given for the immediate stop- 
page of all the works in progress, except those which 
are obviously calculated to serve some purpose of 
public utility, independent of the ue improvement 
of the port, and which could not be left in their pre- 
sent state without doing positive harm. The effect of 
the incomplete works will, however, be carefully 
watched, and we hope to be able at some future time, 
to detail more particularly the results of their action 
on the harbour and its entrance. 

Early this month, a paper by Colonel Tre- 
menhere, on the physical geography of the Lower 
Indus, was read before the Geographical Society, at 
Burlington House. The object of the paper was, prima- 
rily, to establish his theory as to the real canse of 
the bar outside Kurrachee harbour, and upon which 
his objections to Mr. Walker’s scheme appear to have 
been principally founded. The discussion which fol- 
lowed the reading of the paper was taken part in by 
Mr. Andrews, chairman of the Sinde Railway Com- 
pany, Mr. Parkes, and others  oneag | acquainted 
with the locality, as well as by Captain Maury. The 
evidence of all the remarks made upon the subject 
went, without exception, to prove the fallacy of Colonel 
Tremenhere’s objections; but as that officer was him- 
self absent (being in India), and no one was present 
to represent his views, the discussion was, of necessity, 
one-sided. We have not room now to enter further on 
the above subject, but shall do so on an early oppor- 
tunity. 








“TIME” AND THE ANTIPODES. 
To tHe Eprror or ENGINEERING. 


Srr,—I cannot resist offering a few remarks upon the above sub- 
ject, since it appears to me the wage teed correspondents have 
met with arises solely from their not keeping in view the exact 
meaning of the astronomical term they have been using. The 
word “ time ” has been employed indiscriminately by them, and 
the civil and po Lecce: significations have been (as they so 
often are) confounded together. ewan pee in the strict (that 
is, the astronomical) sense, is the ly meridian distance of 
the sun, measured at the pole. All other “times” are merely 
derivatives from this. For instance, the day proper commences at 
noon, and is reckoned westward through 6 hours, 12 hours 
(midnight), 18 hours, up to 24 hours or noon again; while the 
civil or va. day reckons from midnight to noon and noon to 
midnight. One of the test difficulties young navigators en- 
counter in their nautical studies would be removed if our clock, 
chronometer, and watch faces were divided into 24 hours (as 
ws most assuredly ought to be) instead of 12 hours (as they 
are). 


n the accompanying figure, let P be the pole EEE E the 
plane of the equator, Z,G,X,V the zeniths of observers or 
places under the respective meridians. Then, when the sun is 
at .. is noon at all the places under half ghe meridian through 
Z. hen the sun is 45° west of the meridian (at S’) it is 
8 hours Z time; when at 180° (at S”) it is 12 hours Z time; 
when at 270° (at S”’) it is 18 hours Z time, or, as it is er- 
roneously called, 6 A.m., or 6 o'clock in themorning. Now the 
summing up of days (that is, the abstract day, as measured by 











the elapse between two consecutive transits of the sun) into 
weeks, months, years, and centuries is an arrangement utterly 
independent of time proper. Of course, the wants of haman 
ife necessitate the employment of these standards and modes of 
reckoning ; but Sunday, Monday, month, year, &c., are terms ab- 
solutely Ue to the “ time ” under examination. A telegraphic 
message despatched from Z at 100m (Z time), either east or 
west round the earth, would get back to Z at noon (Z time), 

moreover, would have been at all places on its road at noon 
(Z time). Clearly, noon at Z (Z time) is 18 hours at G (G time) 
12 hours at X (X time), 6 hours at V (V time), and so on; but 
these expressions, 18 hours, 12 hours, &c., are as independent 
of the Monday and Twesday, so comically introduced by some 
of your correspondents, as Monday or Twesday is from the 
“time” read on a clock or watch face. 

“ North Pole’s” query in the P.S. of his letter is another form 
of the old r, « Where does Christmas-day begin?”’ Under 
that meridi 
to revolve about its axis. 


on which the sun was when the earth first began 
Yours, &c., 


Jxo. Bowrne. 





6, Bowater-crescent, Woolwich, Dec. 15. 
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WE believe that the first metallic steam ganges ever introduced 
where those brought out by Messrs. Schiffer and Budenberg, 
of Magdeburg (Prussia), and these met with very general 
approval amongst engineers, and in a comparatively short period 
replaced, to a great extent, the old mercury-column gauges. 
Shortly after, another metallic gauge was invented, or brought 
into the market, by M. Bourdon, of Paris, and this gauge, 
which was on his well-known coiled-tube principle, was not 
only a more sensitive one, but it surpassed in workmanship those 
of Messrs. Schaffer and Budenberg. 

For locomotive use, however, preference was in many cases 
given to Schiiffer’s gauge, as the constant vibration of locomotive 
engines, when driving at great speed or on rough roads, in some 
instances proved to be very injurious to the Bourdon tube and 
its connexion. Even where preferred, however, the gauges of 
Messrs. Schiiffer and Budenberg proved not to be entirely 
perfect, as a great number of them were constantly sent for 
repair and correction to Mr. Giibler, an optician in Hamburg, 
who observed that, in most cases, the disarrangement of 
Schiiffer’s gauge took place on account of the silver protecting 

late, which is used underneath the steel spring to protect it 
rom oxidation, giving way, the water or steam then coming in 
contact with the steel, caused corrosion, and thus the total 
destruction of this principal detail of the instrument. 

In 1853 Mr. C. D. Gabler bronght out a gauge of his own 
invention, in which the arrangement is such as to ensure greater 
durability and correctness. The annexed engraving shows its 
construction. The principal part consists of a disc, or circular 
chamber, formed by a series of steel plates, all of uniform thick- 
ness, but varying in number according to the pressure required. 
These plates, after being formed in a matrice, are hardened, and 
a hermetically closed box is formed of them, the plates being 
jointed er by a brass ring. The exterior of the box or 
disc is covered by thin brass casing to protect the steel plates 
against corrosion by contact with steam or water. The shape 
of the box or disc is such that when compressed no sharp curves 
are formed to injure the thin brass protecting casing; and the 
upper part of the disc only is fixed to the body of the instrument, 
thus leaving it entirely free to move by its elasticity, and 
allowing steam to act on both surfaces of it. 

Through the stud connecting the disc, aa, to the gauge 
casing is carried a rod, e, coupling the underside of the disc 
with the indicating mechanism, this rod being attached to the 
quadrant, g, from which the motion is communicated by a pinion 
to the needle-spindle. The materials used in the construction 
of the mechanical part of the instrument are steel and brass, 
and the workmanship of the best character, the greatest care 
being taken to ensure accuracy. They have also been found to be 
very durable, and to stand severe vibration and fatigue without 
injury to the mechanism. In 1857, a patent for these gauges 
was taken out by Messrs. B. A. Grautoff and Co., of London; 
but in 1862 this patent was transferred to the name of Messrs. 
W, ©. and K. Dewit, of Amsterdam, who prolonged it in 1864 
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for seven years. In a period of about thirteen years, upwards 
of twenty thousand of these gauges have been made and sold, a 
great part of this number finding its way to Great Britain. 


TIME AND THE ANTIPODES. 
To THe Eprror oF ENGINEERING. 

Srr,—In reply to the inquiry in “North Pole’s” letter 
in your last number, I consider the question of time at tbe 
antipodes was very clearly answered in the letters of “ E. C.” 
and “ H. P.,” in No. 45; but as ‘‘ North Pole,” in his postscript, 

ts the same question as “ Ignoramus ” in a different form (for 
it is evident that if no time is taken up in the transmission of a 
telegraphic message, the question is simply, what is the civil 
time corresponding to ours at any given place?) I would state 
that on Monday, December 31, 1866, at 12 midnight, London, 
it will be Tuesday, January 1, 1867, 5h. 54m., am. Calcutta; 
Tuesday, January 1,.1867, 10h. 5m. a.m., Sydney; Monday, 
December 31, 1866, 3h. 50 m. p.m, San Francisco; and Mon- 
day, December 31, 1866, 7h. 4m. p.m., New York. 

As I have named the foregoing places in their order east of 
Greenwich, the apparent retrogression in time at San Francisco 
and New York is thus explained: 

On the passage home from Australia round Cape Horn, 
mariners put their time back twenty-four hours on ontiiag 180° 
east longitude, so that when they arrive in England their time 
corresponds with our own; whereas if they had made no altera- 
tion, their time would have been twenty-four hours in advance 
of London time. 

Again, if a person travels round the earth in a westerly direc- 
tion, at the same rate as the earth revolves on its axis, he will 
have the sun on the meridian during the whole twenty-four 
hours, and therefore no change of day or night; but on arriving 
at the place from which he set out, will find he bas taken up 
twenty-four hours in the journey although it has not been 
marked to him by night and day, but has been a continuous 
noon. It matters not whether this is accomplished in one day 
or one year, the apparent loss of one day will be the same, 
although there is no real loss, as I think I have shown above. 

As to a telegram from London arriving at Liverpool ten 
minutes before it started, this is absurd; because, if sent 
from London at noon, it would reach Liverpool ten minutes be- 
fore their noon, which by the difference of longitude, will be iden- 
tical with our noon at London. 

To conclude, it would make no difference whether an easterly 
or westerly route was taken, a telegraphic message sent from 
London, December 31, 1866, midnight, would arrive at Calcutta, 
January 1, 1867, 5b. 54m. a.M., and in like manner, at the 
other places, at the times mentioned at the commencement of 
a an Cours iaaJ«,n"? H.P.J 

's- war -P.d. 
December 19, 1866. 
vem decline to publish farther letters upon this sub ect. 
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CIVIL ENGINEERING IN 1866. 


ComMeEncinG with the metropolis, the largest works 
have been the Thames Embankment, the Main Drainage, 
the Metropolitan District. Railway, New Blackfriars 
Bridge, the works of the Midland Railway Extension, 
the Cannon-street Railway works, the Holborn Valley 
Viaduct, the widening of the Victoria Bridge at Pimlico, 
the Albert Bridge, the Pneumatic or Waterloo and 
Whitehall Railway, under the Thames, the Millwall 
Docks, and others of lesser magnitude. It will be 
impossible, and unnecessary also, to give anything like 
even a general description of these works within the 
present summary, but a few of their more striking 
aspects may be sketched. 

The Thames Embankment—of which Mr. Bazalgette 
is the engineer—now well forward on the north side, 
and in good progress on the south side of the river, is as 
remarkable for its magnitude and for the mode of its 
construction as for its fine design and the excellence 
of its workmanship. ‘The 5710 ft. of the embauk- 
ment from Westminster-bridge to the Temple Gardens 
was originally let in two contracts for 749,000/., and on 
the first contract of 3740 ft. there are 600,000 cubic 
yards of filling and 400,000 eubic feet of stonework, 
besides large quantities of concrete and brickwork. 
The river was shut out on the “first contract” by a 
row of wrought-iron caissons sunk by weights, and by 
the sudden escape of compressed air, down to the 
London clay, some of them 45 ft. deep ; and after a 
row of these caissons had been filled with concrete to 
the level of low water, and the water shut out from 
behind them, the river wall was started on a deep bed 
of concrete filled into an excavation 14 ft. below the 
natural surface of the ground. On the second con- 
tract an ordinary coffer-dam has been employed. Some 
of the landing-stages and water-stairs, especially the 
great works at the Temple, illustrated on page 217 of 
our first volume, will be of a magnitude and design 
worthy their unrivalled position and of the metropolis 
of the world. The Metropolitan District Railway will 
extend wholly beneath the Embankment, with the ex- 
ception of very short openings at the stations at 

estminster, Hungerford, and at the foot of Norfolk- 
street; and the Pneumatic Railway (Waterloo and 
Whitehall) will dip under the first-named railway near 
Scotland-yard. By the end of another year it is 
hoped that these great works will be nearly if not 
wholly completed. 

The maiu-drainage works have been so fully described 
in our previous numbers, and are, indeed, so well known 
to the whole reading public, that we need only say they 
have already lessened in a considerable — the 
impurity of the Thames, and that their early com- 
pletion is now certain. It is not so certain, however, 
when the sewage, instead of being discharged into the 
Thames at Barking and at Crossness, will be utilised 
upon the Kent and Essex marshes, much in the manner 
of Croydon. This must come by-and-by, unless the 





more valuable constituents of the sewage be inter- 
cepted before being washed down the sewers, and 
applied in a stronger form to agricultural purposes. 

We have recently described at some length the 
ae arog District Railway Works, which, together 
with those of the Metropolitan Railway, include some 
of the most interesting engineering operations in the 
metropolis. The underpinning of the houses in Pem- 
bridge-square, which we very fully illustrated a few 
weeks ago, and the works of the Dead Meat Market 
at Smithfield—considerably beyond those of any com- 
parable work going on in Paris—are especially interest- 
ing, and the profession may well be proud of them. 
Underground railway engineering—with the exception 
of ordinary tunnelling—is a new art, thus far practised 
almost alone by Messrs. Fowler and Marr Teheran 
but the success of the Metropolitan Railway has suffi- 
ciently shown the great importance of this art. 

The new Blackfriars-bridge, which promises to be 
one of the finest works of the kind in the kingdom, 
and of which Mr. Joseph Cubitt is the engineer, has 
progressed steadily during the year, and the difficult 
work of getting in the foundations of the piers, deep 
down to the London clay—the whole of the old 
bridge having been first removed, without interrupting 
the traflic—is now well over. We fully described this 
work in our number of August 10th last, and we need 
only note here that the bridge will have five arched 
spans of wrought iron, the centre one of 185 ft. span, 
the others respectively of 175 ft. and 155 ft., and that 
the bridge will have a gently rising roadway, from each 
end to the middle, 45 ft. wide, with 15 ft. footpaths on 
either side. The granite piers, with polished red 
granite columns, having richly carved bases and capi- 
tals of Portland stone, will have an unusually fine ap- 
pearance. 

The Midland Company’s London extension and 
terminus in the Euston-road is upon the very largest 
scale of railway construction, and has been steadily 
carried forward during the year, from the plans and 
under the directions of Mr. Barlow, the engineer in 
chief. These works include a long tunnel under 
Belsize Park, a great goods station at Agar Town, and 
a passenger station near the Euston-road, having a 
single arched roof of 240 ft. clear span, 690 ft. long, 
and upwards of 125 ft. above the level of St. Pancras- 
road. 

The Cannon-street railway-bridge and station, built 
from the designs and under the direction of Mr. Hawk- 
shaw, were publicly opened September Ist. Both 
these works were fully described in our first volume, 
pp. 116 and 140, and we need only observe here that 
the bridge, carrying five lines of rails, has five spans 
of parallel girders, the end spans of 125 ft. each, and 
the others 135 ft. 8 in. in the clear. The station roof, 
upon arched trusses, has a clear span of 190 ft., and 
the whole building is 675 (t. long. 

The Holborn Valley improvement is making good 
progress, and will present a fine appearance, although 
all the details of the plan are not yet designed. The 
works were originally estimated to cost upwards of 
300,000/.; but Mr. Haywood, the engineer, modified 
the plans, and the whole work, fnctelling the bridge 
over Farringdon-street, has been let for a little less 
than 120,000/. 

The Victoria Bridge at Pimlico, as originally built 
from Mr. Fowler’s plans and under his directions, has 
had an additional width of 98 ft. added to it, by Sir 
Charles Fox and Son, so that the whole work now ac- 
commodates seven lines of rails in all. The widening 
is, in fact, a new and independent bridge, and its con- 
struction was fully described in our number of August 
31st last. The bridge has four spans of wrought-iron 
arches, each 175 ft. in the clear. 

The Albert Bridge at Battersea, in course of con- 
struction from the designs and under the direction of 
Messrs. Ordish and Le Feuvre, will be one of the first 
constructed upon Mr. Ordish’s well-known principle of 
long, straight, inclined suspension-rods, the sag of the 
rods themselves being prevented by a light curved 
chain. The same engineers are erecting a similar 
bridge of very fine design over the river Moldau, at 
Prague. 

Theworks of the Waterloo and Whitehall (Pneumatic) 
Railway, of which Sir Charles Fox and Son and Mr. 
T. W. Rammell are the engineers, have not yet been 
completed, but a bill will be brought before Parliament 
authorising the London and South-Western Railway 
Company to subscribe capital to the work. This railway 
is to form a sort of subaqueous bridge under the Thames, 
having four spans of 221 ft., supported not merely along 
the length of the tubes in a dredged channel, but also 
upon pliers going down to the clay. The tubes in 
course of construction at Messrs. Samuda’s are of ? in. 





iron, with three rings of brickwork surrounding them, 
and will, when floated into place, have an internal 
lining of brickwork, bringing their diameter to 12 ft. 
Qin. The outer brickwork is kept in mg ty Fs s 
of angle iron, and the ends being closed by bulkheads, 
the tubes can be readily floated from the Isle of Dogs 
to Hungerford, where they will be sunk across the 
river, in the channel dredged to receive them, and their 
ends connected, and the bulkheads then removed, by 
means of an ingenious water-tight “lock,” or stuffing- 
box, devised by Mr. Rammell. The whole line, in- 
cluding the shore ends, will be about five-eighths of a 
mile in length, and short trains will be driven through 
by means of an engine and centrifugal air-pump, or 
fan, erected at one end only, the fan acting by ex- 
haustion in one direction and by forcing in the other. 

Whether in London or elsewhere in the kingdom, 
many engineering works have been greatly interrupted, 
and others, of which the commencement was expected, 
have been wholly abandoned, by the panic in the 
financial world. It is indeed remarkable that the 
work actually accomplished has been as great, under 
the circumstances, as it has been. While the new 
Brighton line, for which there was such a struggle 
in Parliament, remains in abeyance, the Midland 
has been greatly extended in the north, and it is 
now understood that it is to possess an unbroken line 
from London to Glasgow. While the vast bridge in- 
tended to span the Firth of Forth has been abandoned 
—and we believe that also designed to cross the Severn 
—the iron viaduct, nearly a mile long, over the Solway 
Firth, and the great railway bridge at Runcorn have 
been pushed rapidly forward. The latter, in course of 
construction from the plans of Mr. Baker, the engineer 
to the London and North-Western Railway Company, 
will have three spans of lattice girders, of 300 ft. each, 
besides long approaches upon brick arches. 

No large dock or harbour works have been begun 
upon our own coasts, but the works at the mouth of 
the ‘Tyne, in the Tees, the Clyde, and the Mersey, have 
been prosecuted and extended. 

Nor have any large works of water supply been 
undertaken, although unusual attention has been 
directed to the whole question, especially with refer- 
ence to the metropolis. The aqueduct bringing water 
from the Vartry to Dublin has been brougit into 
use, and her Majesty opened, this autumn, in person, the 
tine works carried out from Mr. Simpson’s desi us, 
and under his directions, for the supply of Aberdeen. 

In looking abroad, the most importaut engineering 
works in progress have been the Suez Sant and the 
Mont Cenis tunnel. The former, with a surface width 
of 328 ft., and which will have, when finished, a depth 
of 26 ft. 3 in., has been fully described in a paper of 
great interest, read by the engineer, M. Lavalley, 
before the French Society of Engineers, and from 
which we have made liberal extracts m our impressions 
of September 28th and December 14th. The dredging 
machinery, which we have illustrated, is of the most 
remarkable character, and has worked efficiently. 
Little practical difficuty has been found from the 
blowing of sand into the excavation, and there can 
hardl; be a doubt that this great work will, when com- 
pleted, greatly stimulate commerce with the East. 
The Mont Cenis tunnel has made gradual progress 
under the direction of the engineer, M. Sommeiller, 
whose machinery has been often and fully described. 
The temporary railway, of 3 ft. 74 in. gauge, over the 
mountain has also been well advanced under the 
direction of Mr. Brunlees, the engineer, notwithstand- 
ing that the works suffered great injury last summer 
from floods. It is here, as our readers are aware, that 
Mr. Fell’s engines will be employed to work by gripping 
wheels, upon a middle rail, in addition to their ordinary 
adhesion. These engines, which will work up inclines 
of 1 in 12, were fully illustrated in our first number, 
Javuary 5th last. 

Mr. Benniaes has also opened the San Paulo Rail- 
way, in Brazil, a work which has a series of four in- 
clined planes of a total length of five miles, rising 
about 1 in 10 for the whole Eds. 

In India most of the railways in progress have been 
considerably extended, and the six miles of bridges on 
the Bombay and Baroda Railway have been doubled, 
with upwards of 500 spans of Warren’s girders of 
60 ft. each. The great bridge over the Jumna at 
Delhi has been opened, and what is more likely to sti- 
mulate railway construction and works of improve- 
ment in India is that the East Indian Railway Com- 
pany has, for the first time in Indian railway history, 
declared a dividend in excess of that guaranteed by 
Government. Notwithstanding the great failures in 
Bombay, the cotton trade has greatly increased; and 
while this improves the position of the country as a 
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field for important engineering undertakings, the 
terrible famines in some of the provinces have shown 
the incalculable importance of a great and comprehen- 
sive system of irrigation works and of increased means 
of communication. The railways in India have wanted 
even for rolling stock, but great additions are being 
made, the East Indian Company alone having ordered 
215 engines within about a year. Native coal is to be 
extensively used for locomotives, and the cost of 
working thereby greatly lessened. And, as a@ propos 
to Indian railway economy, we may note the continued 
success of iron sleepers. Light railways, as they are 
called, of 3ft. 6in. gauge, have been carried out in India, 
in Queensland, and in Norway, and some interest has 
been taken in the question of their relative economy 
of construction and working. For a non-increasing 
traffic, no doubt these little lines might well serve in 
poor and sparsely settled districts ; but there is every 
reason to expect that their insufficiency, and the con- 
sequent mistake of their construction, will soon be- 
come apparent wherever they have been put down, and 
that their widening and strengthening will yet be 
attended with great inconvenience. 

In America several interesting and important works 
have been executed. The most remarkable, perhaps, 
is the tunnel under Lake Michigan, at Chicago, carried 
out two miles through a bed of clay under the lake, 
and nearly 70 ft. below its surface, and about 35 ft. 
below its bottom, for the supply of the city of Chi- 
cago with pure water. This work, of which Mr. Ches- 
brough is the engineer, was fully described in our 
number of December 7th. Another interesting work 
is the Central Pacific Railway, which, within a distance 
of 105 miles from the sea at Sacramento, attains an 
elevation of 7042 ft., a considerable portion of the 
whole distance being upon a gradient of 1 in 45}. 
Notwithstanding the formidable character ofthe country, 
the line in one place overhanging a precipice of 1000 ft., 
the works are not remarkably heavy, the summit tunnel, 
half a mile long, being, perhaps, the most important 
of all. Railways are being rapidly extended from the 
east to meet this line, which will complete an unbroken 
communication, 3400 miles in length, between the 
Atlantic and the Pacific. 

An important suspension-bridge, with a main span 
of 1057 ft., has been completed over the Ohio, at Cin- 
cinnati, from the designs of Mr. Roebling. A railway 
bridge, 3250 ft. long, and having thirteen timber spans 
of 200 ft. each, and eight of 65 ft., has been completed 
across the Susquehanna river, at a point near where 
the trains between Philadelphia and Baltimore were 
formerly ferried across by a steamer. A fine large 
iron railway bridge, constructed by the Fairbairn En- 
zineering and the London Engineering Companies, has 
oe received in America, and erected, in place of a 
timber bridge, over the Connecticut river, on the line 
of the Hartford and New Haven Railroad. The 
Hoosac tunnel, which is to be 44 miles in length, has 
made additional but not great progress. This work is 
upon the line of the Troy and Boston Railway, in the 
State of Massachusetts. 

Although not yet begun, nor even decided upon, a 
few undertakings, proposed within the year, merit a 
word of notice here. The most remarkable is the 
Channel Tunnel proposed by Mr. Hawkshaw, who 
has carried on a series of borings and surveys this 
year for a submarine railway between England and 

‘rance. If acontinuous bed of clay exist, the practi- 
cability of the work is certain, but we shall offer no 
opinion upon its commercial prospects. 


We have had, too, great schemes for the supply of 
water to London from Wal»s and from Westmoreland, 
as also a proposal to supply the principal towns of 
Lancashire and Yorkshire from the last-named source. 
As no step has been taken towards the fulfilment of 
either scheme, and as all of them have been fully de- 
scribed in our pages, this mere reference to them will 
be sufficient for the present purpose. 

Only a very imperfect sketch of the engineering 
operations of the year can be given within the compass 
of an article like the present, byt we may say that the 
vast momentum of modern enterprise has shown itself 
in substantial progress, notwithstanding the great 
check which new undertakings have suifered from the 
financial convulsions of the year, the effect of which 
has no doubt been aggravated by the war in Germany, 
and by fears of a general struggle in Europe, and 


even by the prevalence of cholera, of the cattle 
plague, and of strikes at home. It may be two or 
three years before the confidence in which our 


great modern undertakings have their origin is fully 
restored, but the present depression can hardly last 


ORDNANCE AND ARMOUR IN 1866. 


Tus year has witnessed the almost complete aban- 
donment of what was left of the Armstrong gun, and 
the official condemnation of breech-loading cannon ; 
while the war in Austria has proved that the power of 
no nation whose troops are not armed with breech- 
loading rifles is worth a year’s purchase. 

It is only within the past year that 12} ton guns 
have been successfully worked on shipboard, and 
adopted for service. ‘These guns were formerly made 
in eleven pieces from Yorkshire iron worth 20/. per 
ton. The iron, however strong and good, would not 
weld with certainty, and wasters were being constantly 
made. Now, under Mr. Fraser’s management, guns 
of the same weight are made in four pieces, the inner 
tube of steel or of Marshall’s well-known iron, and the 
rest from Staffordshire iron of fair quality worth 10/. 
or less per ton. ‘These guns have borne full proof 
with better results than any before made, and, while 
they are comparatively cheaply and rapidly made, an 
unsound gun is very seldom detected. 

We still hear conflicting accounts of the results of 
trials with Krupp’s heavy steel guns abroad, and 
although it is understood that Krupp is making one or 
more 50-ton steel guns for the Paris Exhibition, there 
is a general opinion that all large steel guns are un- 
trustworthy. Mr. Whitworth, however, employs a 
mild quality of steel for his heaviest ordnance, say, of 
Jin. bore. With his 70 pounder he has fired heavy 
charges with 12 in. and 13 in. of air space between the 
yowder and the shot, with a slight local bulge in the 
oe exactly at the base of the shot, but without crack- 
ing. While there are the strongest opinions of some 
for one, and of others for another material for heavy 
guns, it is not yet conclusively settled by experiment 
which does give the greatest strength. Judging from 
the hardness and the toughness of certain qualities of 
steel, it would seem that this must be the best material, 
provided it be sufficiently worked, for much of the 
strength of steel rails is known to come from the 
thorough working to which they are subjected. To 
get this working upon the inside of a gun tube, where 
it is most wanted, some process of punching and work- 
ing towards the outside, as in making weldless steel 
tyres, or, in fact, the punching and drawing process 
adopted by Messrs. Deakin and Johnson, appears to be 
requisite. Mr. Whitworth’s process of compressing 
steel while in a state of fusion in the mould promises to 
secure additional strength and soundness, but at present 
we have no sufficient proof of the advantages which it 
affords. 

Perhaps the most striking evidence of progress in 
the year is in the astonishing results with Major 
Palliser’s chilled shot. The mere casting of shot in 
iron moulds, thus producing a shallow chilling of the 
metal, is very old; but Major Palliser has sought and 
obtained irons which chill bale, and some of his 9 in. 
shot are indeed chilled nearly the whole way through. 
These shot were not brought out for the first time this 
year, but it is only within the year, now near its close, 
that experiments have fully showu their extraordinary 
penetrating power when fired against armour plates. 
Even here it is necessary that they be pointed, for punch- 
headed chilled shot break up into fragments. The fine 
hard point appears to enter without difficulty, and, 
once Into the plate, the conical portion behind it clears 
a way for the whole body of the shot. The experi- 
ments at Shoeburyness prove that these cheap shot, 
with which our enemies, as well as ourselves, may 
always provide themselves, have really doubled the 
penetrating power of ordnance. 

The Americans have largely increased their stock of 
15 in. Rodman guns, and have cast a further number 
of 20im. guns. They have fired the 15 in. guns 
against armour plates protecting masonry, and it was 
long ago found that the masonry was completely 
destroyed after a few rounds. The armour consisted, 
however, of but four plates lin. thick, said to be 
“welded ” together, an expression which, we presume, 
means in the language of newspaper correspondents 
that they were rivetted together. The American 
practice with these guns shows that 15in. bores 
give the highest efficiency to the powder burnt, and 
whereas % has been generally supposed that Ameri- 
can powder was slow burning and weak, the records 
of a large number of experiments show that its 
value per ee in large-bore guns, is quite 200,000 


ae | s, whereas, in our smaller bores, our own 
powder gives hardly more than 175,000 foot-pounds. 


The subject of large-bore guns firing shot of smaller 
diameter las been much discussed during the last year, 
but although it offers the only means for attaining to 


ordnance, no steps have been taken towards reducing 
the system to practice. 

Of that amusing piece of pretension, tlhe Mackay gun, 
nothing has been heard during the year, except an oc- 
casional boastful letter of the inventor to the Times. 
All rifled guns are Mackay guns, if they are fired with 
smooth shot, and a copper, or papier maché, or com- 
pressed sawdust wad at its base, it being this wad 
which takes the rifling and spins the shot. 

Some interest has been attracted by the “non- 
recoil gun” of Mr. Harding—a gun which is open at 
both ends. The projectile is pushed in a short distance 
from the rear with a charge of gun cotton close behind 
it. Against the cotton is a felt wad, and two or three 
inches behind this, and near the breech, or rather the 
open rear end of the piece, is another felt wad, a short 
air space being thus formed behind the charge. The 
effective discharge is from the muzzle, no very violent 
effects being manifested at the rear. This gun has 
already done some very effective work. It is lighter 
than ordinary guns, and has no recoil whatever when 
fired. 

For artillery purposes gun cotton has failed to gain 
a place in the service. A quality is made expressly for 
blasting, for which it is very effective. The so-called 
“protected” powder of Mr. Gale has not found 
favour. The glass and powder are liable to separa- 
tion during transport and the glazing of the powder 
is also injured by the glass. The “ inexplosive ” pow- 
der of Herr Neumeyer, which we fully described last 
week, is now attracting much attention. 

With respect to armour, we are already finding 6 in. 
and 8 in. plates all too thin for our heaviest guns, firing 
Pallisser shot. We believe that Mr. Reed has de- 
cided upon the necessity of adopting even 12 in., if 
not still thicker, plates, and these can now be obtained 
of ductile iron of great tenacity, not soft, but exceedingly 
“tough,” if we may employ that term. These plates 
have great powers of resistance, and never crack when 
struck or perforated. They now cost 30/. a ton, made 
as they are from scrap, and it is not unlikely that a 
further improvement on the Bessemer process will 
enable them to be made still cheaper. It is now certain 
that they can be made perfectly sound up to even 15 in. 
thickness ; and if a ship show but 8 ft. above water, 
she can carry 12 in. of armour on that depth with no 
greater weight than that of 6 in. plates on a height of 
16 ft. 

Should war occur between any of the great naval 
powers, the experience of the past year shows us that 
we have much before us to be accomplished in respect 
of ordnance and armour. 








LOCOMOTIVE ENGINEERING IN 1866. 

Great scope for design has been afforded, during the 
past year, to locomotive engineers, in consequence of 
the difficult nature of certain new lines, and the in- 
oreasing trafic of other lines already long in use. 
Thus, the Metropolitan and St. John’s Wood engines 
will have to work an incline of 1 in 27, three-fourths of 
a mile long, and with a station halfway up. ‘The Im- 
perial Mexican Railway, when opened throughout, 
will present an incline of 1 in 25, upwards of twenty 
miles long; and even on the more moderate gradiants 
of the Vale of Neath Railway, and for working the 
joint traffic between the Metropolitan and Great Nor- 
thern railways, eight-coupled goods engines, of 56 tons 
weight, have been adopted. 

Mr. Fairlie’s engine has been the subject of much 
discussion during the past year, and its flexibility, 
equal distribution of weight, and geueral fitness where 
great power is required are very fully conceded. As 
to its mechanical details, it will, no doubt, be further 
improved, and we see reason for believing that it will 
yet be found as convenient and every way as satisfac- 
tory in working as the best engines of the ordinary 
construction, while it will possess great advantages 
over them in respect of great tractive power and in 
2ase upon the road. The system of working two sepa- 
rate engines, footplate to footplate, is most objection- 
able, because of the divided attention which it involves, 
but with a single boiler—single even if it have two sets 
of tubes and two chimnies—all the advantages of two 
engines are had with two swivelling bogies of coupled 
wheels, each bogie driven by its own pair of cylinders. 
One of Mr. Fairlie’s engines, with two bogies of four 
coupled 44 ft. wheels each, and two pairs of 15 in. by 
22 in. cylinders, has been at work, during the year, on 
the Neath and Brecon Railway, and Mr. Holt, the 
locomotive superintendent of the line, speaks highly of 
its performances, in a letter in another column. 

lt is in France, more especially, where engines of 








longer. 


the highest efliciency and endurance of heavy naval 


great power have been adopted for the goods traffic of 
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lines with moderate gradients. On the Northern 
Railway of France, eight-coupled engines of 44 tons, 
and also four-cylinder engines, with twelve wheels 
coupled in two groups of six each, and weighing 
59 tons, have been for some time in use, and so 
satisfied are the company’s officers with the four- 
cylinder engines that ten more have been lately 
ordered. Whatever may be the design, it appears 
certain that engines of very great power are required 
to work a heavy coal traffic against the competition 
of large screw colliers ; for all railway experience has 
shown that the heaviest trains are worked with the 
greatest economy, and we may reasonably expect yet 
to see trains of even eighty loaded wagons, or over 
1000 tons total weight, brought into London from Wales 
and from the north. If we may go abroad for confir- 
mation, it is within the knowledge of the writer that 
the cost per ton of coal carried upon -the" principal 
coal railway in America—the Reading—has, been dimi- 
nished one-half under a system of long trains and 
powerful, although slow, working engines... Twenty 
years ago 40 wagons, weighing loaded 300 tons, was 
considered a fair load, whereas the number is now 
110, and the weight 850 tons, for each train. 

In respect of passenger engines no striking changes 
have been made or proposed, unless it. be in the-extra- 
ordinary engines which we some weeks ago described as 
having been designed by Mr. Rumble for the Midland 
Railway. Mr. Rumble proposes heavy inside-cylinder 
engines of great weight, and a 19 ft. wheel base,, with 
boiler power equal onlyto thatcommonly given to.22-ton 
engines. Far lighter and easier engines could be made 
of the same power, and we may express the hope that 
the Midland Company’s engineer will, in spite of anti- 
quated prejudices, yet adopt outside cylinders, only inside 
framing, and a Bissell truck, and that he will see that 
at least 1500 square feet of total heating surface are 
provided, if the engines are really meant for heavy night 
expresses. 

fery little has been heard of the steam tender 
during the year, and we have no doubt that it will yet 
be wholly abandoned. 

The adoption of 3 {t. 6 in. gauge railways in Queens- 
land, as well as in India and Norway, has brought out 
some neat and striking designs for light locomotives; but 
we cannot look forward to any considerable extension 
of the “light” system. 

In the details of locomotive practice it is still found 
that steel is not to be depended upon for fireboxes, 
and very few use it for barrels or firebox shells. The 
details of coal-burning appear to have subsided into a 
brick arch, and a “scoop” baffler for the door, to- 
gether with a steam blower in the chimney ; but there 
is no doubt that coal-burning engines do smoke, and 
throw fire and sparks at a great rate. The public 
have become tolerant of these nuisances, else there 
would soon be a visitation of fines until the railway 
companies were driven back to coke, or to better con- 
trivances for combustion. 

Mr. Thomas Adams appears to have effected good 
results with his steam-packed slide valves, now intro- 
duced upon nearly all the leading lines of railway. 
The Bissell truck has. not gained the adoption’ it 
deserves, except upon the Metropolitan Railway, but 
Mr. William Adams’s bogie, which has no radius bar, 
has worked well on the North London line, and has 
been adopted on the Great North of Scotland. .Mr. 
W. Bridges Adams’s radial boxes do not appear to have 
been brought further into use, but his spring-seated 
tyres have been fitted to the engines and carriage stock 
of several colonial and foreign lines. 

There is a distinct tendency to higher pressures. 
On the North London, and on the Gredt Northern 
line, 160 lb. has been regularly and successfully carried, 
and the new Midland engines are designed for 180 lb. 
to 200 Ib. 








RAISING A SUNKEN STEAMSHIP. 


On the 18th of November, 1865, the steamship 
“London” (a vessel that has frequently been con- 
founded with the unfortunate steamer of the same 
name, whose loss took place about two months 
later) was sunk in the River Tay, about two miles 
below Broughton Ferry, by a collision with the screw 
steamer Harvest Home, and from that time up to 
Saturday last, she remained in the position in which she 
had foundered, notwithstanding that several endeavours 
had been made to raise her. The Harvest Home 
also sunk, in consequence of the collision, further up the 
river and nearer shore; but as the injuries which she 
had received were not so serious as those of the London, 
she was got off some months ago and repaired, and is 
now engaged in the coal trade. The task of raising 





the London, however, was a more difficult one, and it 
was not until Saturday last that it was successfully 
accomplished. 

When the London foundered she had on board a 
cargo valued at 12,000/., and shortly after she sunk an 
arrangement was entered into by her owners with Mr. 
Hicks, the diver of Tayport, with a view to the re- 
covery of at least a portion of it. Mr. Hicks com- 
menced operations early in the spring, and notwith- 
standing that he was much delayed by bad weather, he 
succeeded in the course of a few months in raising a 
great portion of the cargo. In the mean time the 
company to whom the London belonged advertised for 
tenders for lifting the vessel, and ultimately the services 
of Mr. Page, C.E., were secured. Mr. Page had a 
wooden shield applied to the large hole which had been 
knocked in the side of the vessel by the bow of the 
Harvest Home, and. he employed divers to stop all 
leaks as far as possible, in. order that he might be 
enabled, by pumping, to remove the water from the 
vessel, and so float her. The leaks were, however, by 
no means effectively stopped, and when, under the 
superintendence of Mr. Page and Admiral Sir Henry 
Keppel, an attempt :to raise the vessel was made, it 
proved unsuccessful. Mr. Page had made an arrange- 
ment with the owners of the London to raise the vessel 
within a given period, and after the failure which we 
have just mentioned, he had not time to try any other 
plan before his engagement terminated. 

When the engagement with Mr. Page had come to an 
end, the owners of the London made an arrangement for 
raising her with Messrs. Gourlay Brothers, of Dundee, 
Mr. Henry Gourlay, assisted by Mr. Kemp, the manager 
of Messrs. Gourlay’s works, and Mr. M‘Nidder, the 
manager of their shipbuilding department taking charge 
of the operation. Under Mr. Gourlay’s direction steps 
were at once taken for effectively closing the leaks, and 
the bulwarks of the vessel were made water-tight, so 
that they were rendered capable of excluding the water 
from the deck when the tide was below their top. 
This having been done, an attempt to raise her, by 
pumping out the water, was made on the 24th of No- 
vember last ; but it was again found that the leaks had 
been imperfectly stopped, and operations had conse- 
quently to be suspended. On this, Messrs. Gourlay 
resolved to make new efforts to discover the leaks, 
and, divers having been employed for the purpose, 
further repairs were effected, and other preparations 
made previous to the successful trial, which took place 
on Saturday last. 

On Messrs. Gourlay’s first trial, three of Gwynne’s 
centrifugal pumps were employed, and on the second 
occasion these were assisted by two others constructed 
by the same well-known firm. Two of the largest of 
these pumps, each having a 12in. suction pipe, were 
placed on board the steamer Queen, and were arranged 
so as to be driven, independently, from the screw shaft 
of that vessel. Another pump, having a 9 in. suction- 
pipe, was placed on a lighter and driven by a separate 
engine ; and, during the lifting operations, the on 
and the lighter were securely moored by the side of the 
London. The three pumps above mentioned were 
those which had been used during the first trial made 
by Messrs. Gourlay, and arrangements were made for 
mounting the two additional pumps on the London 
herself. These pumps—one of which was arranged to 
pump from the fore and the other from the after hold 
of the London—were driven by a donkey engine 
placed on that vessel, and supplied with steam from 
the Queen. The pump applied to the after hold had a 
4in. and that applied to the fore hold a 9 in. suction- 
pipe, and the latter was intended to be used in con- 
junction with those on the Queen and the lighter, 
whilst the former was only to be brought into opera- 
tion in the event of the vessel being actually raised. 
All the pumps were so mounted on wooden frames that 
they could be quickly and readily lowered into their 
places when the time came for using them. 

The steamer Queen and the lighter were taken down 
to the London on Friday night last, and after consider- 
able difficulty, owing to the strength of the current, 
were safely moored, one on each side of the vessel. 
On Saturday morning, shortly after seven, when, the 
tide having receded, the bulwarks showed above water 
all round, the pumps on board the lighter and Queen 
and one of those on the London were set to work and 
their effect was immediately visible. In about twenty 
minutes the deck of the London was almost dry, when 
the bow of the vessel being at this stage of the pro- 
ceedings considerably higher than the stern, it was 
noticed that the pumps had almost ceased to gain on 
the water in the forecastle. This was discovered to 
be occasioned by an iron bulkhead which extended 
across the vessel and, being almost entire, afforded but 





a very small channel through which the water could 
flow from the forward division to the part of the ves- 
sel with which the pumps were in communication. 
An attempt was consequently made to wedge off a 
plate of the bulkhead, but it was found that this could 
not be effected in time to be of any use, and the work 
of emptying the vessel had therefore to proceed without 
this being done. 

At eight o’clock the London, which had age 
being lying over on her starboard side, slowly righted, 
and at half-past eight the reserve pump was set to 
work. From this time all went on favourably, and at 
nine o’clock it was announced that the vessel was 4 ft. 
clear of the bottom. The pumps were, however, stil 
kept working, and at half-past nine she was taken in 
tow by the steam tugs Atlas and Samson, and floated 
with the tide up the river, the steamer Queen and the 
lighter being still kept alongside her, and the services 
of the tugs being confined to guiding the vessel, as it 
was feared that, if she was actually towed, the patching 
of the leaks might be damaged. After beating about 
the river until the tide was at its highest, the London 
was grounded on the mud, a few hundred yards to the 
east of the lock of Camperdown Dock, and in that 
position she now lies. She will first receive a tem- 
porary overhaul and then be taken into a graving dock 
for thorough repair. In concluding this notice of the 
raising of the London, we may remark that this makes 
upwards of thirty vessels which have been successfully 
lifted by the aid of Gwynne’s pumps. 








LOCOMOTIVE ENGINES. 
To THE Eprror oF ENGINEERING. 

Str,—I have been much interested in reading the correspond- 
ence on ‘* Locomotive Engines,” in your excelient paper, for the 
iast few weeks, and which has been so ably conducted on both sides 
that I feel very loth to interrupt it, nor indeed do I desire it now, 
as much good must result from the discussion; but as “ Ten- 
der Engine,” at the end of his letter in your issue of last week, 
made some equivocal remarks on one of Fairlie’s patent engines 
on this line, which might convey the impression that this engine 
has not been so successful as was anticipated, permit me, in 
common justice to Mr. Fairlie and the principle he advocates, to 
state that although hitherto the engine has not proved the suc- 
cess that he (Mr. Fairlie) and others could have wished, it is 
not from any inherent defects in the principle, as the following 
——_ will show. When the engine tirst came to Neath, 

er usual load was very rarely less than 20 wagons loaded with 
metals, coal, sleepers, &c., besides empties, and on one occasion 
she pulled with the greatest ease 23 loaded and 15 empty wagons 
a distance of five miles on a gradient of 1 in 50, while from 
Neath to the Bulch, a distance of seventeen miles, she has fre- 
quently taken as many as 19 or 20 loaded wagons and 6 or 7 
empties. For a still greater performance [ must refer “ Ten- 
der Engine ” and other readers to a letter from Mr. Dickson, in- 
serted at page 260, vol. i, of ENGINEERING. Now when it 
is considered that the engine did this on a new and in some 
parts temporary road over a line with an ascending gradient for 
seventeen miles, the vertical rise in that distance being 1225 ft. 
with frequent gradients of 1 in 50, and with a constant succes- 
sion of § curves, without a straight piece of road half a mile 
long, I think it will be admitted that these were very credit- 
able performances, and that the engine is not the failure “ Ten- 
der Engine” so tender-ly implies. 

To contrast with this, on one occasion we borrowed a six- 
wheeled coupled engine, cylinders 164 in. diameter, 24 in. stroke 
wheels 5 ft. diameter, aud started from Neath with 15 loaded 
wagons ; but she'stopped dead, with steam blowing off at 160 lb., 
before running three miles, probably owing to the power being 
mostly, absorbed by the great friction in passing round the 
numerous curves. The train had to be divided; and I main- 
tain that, if we are not to be limited to 19 or 12 wagons, itis by 
no means certain that the Neath and Brecon line can be suc- 
cessfully worked without Mr. Fairlie’s engines. I need hardly 
allude to the easy and [ might almost say graceful manner in 
which this engine takes the curves, even at the rate of sixty 
miles per hour, at which speed [ have on several occasions run 
her, frequently accompanied by gentlemen connected with rail- 
ways in this part, and all have expressed their opinions that 
no ordinary type of engine could be run with safety on this 
line at such a speed, and also their astonishment at her re- 
markable freedom from oscillation and perfect steadiness when 
running hard. 1 cannot here explain the reason this engine is 
temporarily laid up; suffice it that the engine was very hastily 
constructed, and the details very imperfectly carried out. In 
two or three weeks, however, I trust slie will be in first-class 
order, and if “ ‘Tender Engine” or “‘ Beta ” will honour me with 
their company on the footplate, I think I shall be able to dis- 
pel some of their prejudices, and even make converts of them 
to a principle which I believe will turn out as complete a suc- 
cess as has ever been claimed or conceived by the inventor; and 
so confident are the managers of the line of this, that they 
have ordered another engine of similar construction, and this 
will, I hope, be in full work before many days with important 
results, which I will take care are tabulated. 

I have no other object in writing this letter than to do justice 
to one who is striving, under many disadvantages, to improve 
locomotive engines by rendering “them suitable for the present 
construction of railways, and I feel that while a rigorous 4n- 
vestigation should be continued to prove whether Mr. Fairlie is 
right or wrong, that needless and frivolous objections should be 
kept out of his way, and that he should be allowed a fair field, 

I remain, Sir, 
Yours respectfully, 
Wo. Lysrer Ho rz, 


Neath, December 24, 1866. Locomotive Superintendent. 
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THE TEES-SIDE IRONWORKS, MIDDLESBORO’-ON-TEES. 
MR. JOHN GJERS, ENGINEER. 
(For Description, see opposite Page.) 
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Tue Tees-side Ironworks, the works of Messrs. Hopkins, 
Gilkes, aud Co,, at. Middlesboro’-on-Tees, occupy an im- 
portant position amongst those of a similar class in the 
northern districts, not only. on account of the extent of 
the establishment, but also on account of the great variety of 
work carried out there. In addition to their position as iron— 
masters, the firm build locomotive and stationary engines, and 
execute all kinds of bridge work, and they have, besides, large 
foundries devoted to the — of cast-iron pipes and general 
castings, and capable of turning out from 400 to 500 tons 

yer week, 

The firm have at present two blast furnaces at work, and two 
others of very large size are in course of erection, The new 
furnaces, of one of which we give a vertical and horizontal 
section on the present page, are being erected under the direction 
of Mr. John Gjers, Messrs. Hopkins, Gilkes and Co.'s engineer, 
and we gave the leading dimensions of them in the course of an 
article on’‘* Blast Furnaces” which appeared in this journal a 
month ago. It will be convenient, however, that we should 
repeat these dimensions here, as well as give some further 

varticulars. The height of the furnaces from the bottom of the 
oath to the stage is 75 ft.,and the bottom of the hearth, which 
is level with the floor of the works, is 10 fl. above the concrete 
foundations. ‘The hearth is cylindrical, and is 8 ft. high by 8 ft. 
in diameter. From the top of it the boshes increase in diameter 
uniformly for a height of 20 ft., and they then enlarge some- 
what less suddenly for a height of 4 ft. more, the greatest 
diameter of the boshes, which is 24 ft., being reached at a height 
of 24 ft. above the top of the hearth. From this level the 
furnace gradually diminishes, in a height of 21 ft., to 22 ft. 6 in. 
in diameter; and for a further height of 12 ft. the sides fall in 
more rapidly until a diameter of 15 ft. is resched. The furnace 
then continues cylindrical for a height of 4 ft. 6 in., when it 
again contracts as shown in the engraving, the top being fitted 
with the cast-iron bell, which we shall describe presently, 

The stack is supported by four brick piers, as shown in the 
horizontal section, and its diameter outside at the ground level 
is 38 ft., this diameter diminishing to 29 ft. at the top just below 
the cornice. The furnaces are built entirely of firebrick, bricks 
of the ordinary size being used for the outside, and large lumps 
for the inside. The stack is well hooped in the usual way. The 
lower part of the hearth is surrounded by a cast-iron ring, this 
ring, which is formed in segments bolted together, formnng for 
the greater part of its circumference a series of water-boshes. 
These water-boshes are similar to those which have been adopted 
by Mr. Gjers at the Linthorpe works, and by their use not only 
is udvantage taken of the cooling influence of the water, but, by 
noting the temperature of the latter, it is ible to tell exactly 
how the furnace is working, and which side is working cold and 
which hot, thesegments forming separate water-tanks. The water- 
—_ also effectually sto “4 4 iron which might possibly force 
tself through the ‘oints of the hearth bricks. The upper part of 
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the hearth and the lower part of the boshes are also strengthened 
by cast-iron rings and castings, as shown in the engravings. 

As we have already stated, the top of each furnace is titted 
with a bell and hopper, side openings being provided, just below 
the hopper, for taking off the waste gases, which, in all the 
Cleveland furnaces, are used for heating the blast stoves and 
steam boilers. The hopper, which is a conical casting, is pro- 
vided with a loose face or seat against which the bell bears, this 
seat being dropped into its place after the bell has been inserted. 
The bell itself is not of the plain conical form usually employed, 
but is made conical at its upper part only, the lower part, which 
bears against the seat, being made spherical. This form has 
been adopted by Mr. Gjers, because he considers—and very 
justly—that a bell so shaped isfar more certain to make a tight 
Joint under all circumstances than a conical one; and that any 
extra expense incurred in chipping and fitting the bell to its 
seat will be amply repaid by the extra durability of the joint. 
The bell is suspended by a chain and balance lever, and the 
method of working it has been described in the article on Blast 
Furnaces (vide page 400 of the present volume) to which we 
have already referred. 

The furnaces, above described, have each a capacity of about 
20,000 cubic feet. They are to be blown with three tuyeres 
each, and are expected to be capable of turning out 350 tons of 
iron each, weekly; and this quantity, together with that ob- 
tained from the two furnaces now at work, wil] make the total 
production of the works about 1200 tons of pig iron per week, of 
which quantity the most will be used in supplying the firm’s own 
rolling mills and foundries. ‘The new furnaces will be supplied 
with calcined ironstone by the four calcining kilns, of which we 
gave a description with iNlustrations in our number of the 7th 
inst. The pneumatic hoists by which the material are to be 
raised to the tops of the new furnaces were likewise illustrated 
and described in the same number, as was also the gantry 
hoist for the calcining kilns of the old furnaces; and as this 
gantry hoist differs only from that for the new kilns in its lift 
being 4 ft. greater, or 40 ft. instead of 36 ft., it will be unneces- 
sary that we should enter into further particulars of the latter 


ere. 
The blast for the two furnaces at present at work at Messrs 
Hopkins, Gilkes, and Co, is supplied by a non-condensing beam 
engine, having a blowing cylinder 9ft. in diameter by 9 ft. 
stroke, and having the fly-wheel shaft situated between the 
steam-cylinder and the framing carrying the main centres. For 
the supply of the new furnaces, which we have above described, 
however, three vertical direct-acting blowing-engines are 
being constructed at the Canal Foundry, Preston, according 
to the designs of Mr. John Gjers. Of these engines we are enabled, 
through the kindness of Mr. Gjers, to give engravings on page 
502, Figs. 1 and 2 of our illustrations, showiag the general ar- 
arrangement of the engines, and Figs. 3 and 4 being sections, on 
an enlarged scale, of one of the blowing-cylinders. These 
engines are similar in their general arrangement to those at the 
Linthorpe works, which we described in an article on “ Blowing- 
Engines,” which appeared in this paper four weeks ago, and 
much of the credit of carrying out the details of the design is 
due to Mr. Howson, who was manager of the Canal Foundry, 
Preston, at the time that the Linthorpe engines were built there. 
As will be seen by the engravings, the steam cylinder of each 
engine is placed 7! above the blowing cylinder; the 
crank-shaft, which is furnished with a fly-wheel at each end, 
being placed below. The steam cylinder of each engine is 82 in. 
and the blowing cylinder 72 in. in diameter, whilst the stroke is 
4ft. The principal peculiarity of the engines consists in the 
arrangement and construction of the air-valves, which are shown 
in the enlarged sections of the blowing cylinder, Figs. 3 and 4. 
The valves, which are flaps of red india-rubber, ,'; in. thick, 
secured by one edge, shut against grids placed vertically in valve 
chambers against the sides of the cylinder. It will be seen by 


the sections, there are altogether sixteen sets of valves, eight of 


them being for suction and eight for delivery ; and that each set 
consists of three flaps. There is one grid for each set of valves, 
each grid having three rows of openings, one above the other. 
The openings in the grids are each 44in. long by } in. wide, 
and the width of the bars between them is fin. Each grid covers 
an opening 1 ft. 7 in. wide by 1 ft. 11in. high, and each = of 
these openings are placed in communication with the blowing 
cylinder by a short passage 3 ft. 14 in. wide and 8 in. high, there 
being two inlet and two outlet passages of these latter dimen- 
sions to each end of the blowing cylinder. 

The valves are all provided with perforated plate iron guards 
at the back, to prevent their opening too widely, and the covers 
of the valve chests are furnished with doors opposite each set of 
valves, so that the latter are readily accessible. We should 
mention, also, that all the grids sre of similar dimensions, so 
that any one of them, with its flaps, is available either for a 
suction or delivery valve, according to the way in which it is 
placed on its seat. ‘The suction-valve cases of each engine are 
connected with a pipe 2 ft. 6 in. in diameter, which communi- 
cates with the exterior of the engine-house, and through which 
the air is drawn. By —— the introduction of dust into the 
engine-house is avoided, and the clattering of doors and wincows 
prevented. The pipe communicating with the delivery-valve 
chambers, through which the blast is delivered from each engine, 
is also 2 ft. 6 in. in diameter. 

‘The piston of the blowing cylinder is 12 in, deep at the centre, 
and 10 in. deep at the circumference, ar i there is a clearance 
between it and the cylinder covers, at each end of the stroke, of 
fin. The a packing consists of cotton gasket, tightened 
up by a junk ring in the usual way, the space for the packing 
being 8 in. wide. The piston-rod is 5 in. in diameter, and has a 
collar, 11 in. in diameter and 3 in. thick, formed on it below the 

,iston, the latter resting against the collar, and being secured 
by nuts above, as shown in Fig, 3. 

The three engines, which are independent of each other, 
are to be placed side by side, in one engine-house, as shown in 
Figs. 1 and 2, the whole arrangements being very complete 
and convenient, The engines will be capable of being run at 
a speed of 50 strokes per minute, at which speed they 
weil each blow 11,800 cubic feet of air per minute. They are 


intended, however, to be ordinarily run at from 30 to 35 strokes 


minute, at which speed two engines will supply from 14,000 
to 15,000 cubic feet of air, a quantity which will be ample for 





the two furnaces. The boilers are of the plain cylindrical egg- 
ended. class, each 60 ft. long by 4ft. Gin. in diameter, They 
are five in number; but it is expected that it will not be neces- 
sary to work more than three—or at most four—at one time. 

Besides their blast furnaces, Messrs. Hopkins, Gilkes and Co. 
have eighty-five puddling furnaces together with rolling mills of 
the best construction, capable of turning out from 1000 to 1100 
tons of finished iron per week. The firm are particularly celebrated 
for the manufacture of angle iron. The rolling mill is under 
the direction of Mr. Hill, the manager, and Mr. Crowe, the en- 
gineer, whilst the engineer of the engine works, where the manu- 
facture of both stationary and locomotive engines is carried on, 
is Mr. Hewitson. Messrs. Hopkins, Gilkes and Co, are also 
well-known builders of iron bridges, and amongst other impor- 
tant structures constructed and erected by the firm, we may 
instance the Beulah and Deepdale viaducts on the South Dur- 
ham and Lancashire Railway. The firm have at. present many 
works of this kind in hand, including a number of bridges on 
the extensions of the Metropolitan Railway. 





THE HENWOOD SCHEME. 

Mr. Henwoop’s scheme for converting our timber- 
built line-of-hattle ships into armour-clad monitors is 
being supported by one of our contemporaries in a 
manner which does injustice to Mr. Reed. In his 
lecture at Plymouth he spoke of the’ monitor principle 
in terms which Mr. Bourne, the most logical and 
eloquent of all the advocates of that principle, quotes 
with approbation in a letter on another page. Mr. 
Reed even sketched out the type of monitor he 
would construct, and yet now lie is accused of 
opposition to the principle altogether. Mr. Reed 
objects, as he ought, to Mr. Heriwood’s proposed con- 
version with guns less than 5 ft. out of the water, and it 
is said to this, first, that this height was only for ships 
for coast defence ; second, that a height of 6 ft. or 7 ft. 
was proposed for sea-going ships and third, that the 
whole naval power of America depends upon ships 
which carry their guns but 5 ft, out of water. Each 
of these statements is incorrect. We may state, 
authoritatively, that Mr. Henwood never proposed to 
the Government any conversion of teed x for coast 
defence alone. All were to be sea-going ships, and 
the ports were to be, not more, but less than 5 ft. out 
of water and as Mr. Henwood had not made his 
calculations properly, the real height would have been 
less still than he proposed. Again the guns of the 
monitors are more than 5 ft. out of water, the deck 
platform on which they are raised being 3 ff. out. But 
according to the express statement of the Secretary 
of the American Navy in his late report, and as every 
one conversant with such matters knows, these ships 
were never intended for sea service, and could not, 
as it is, fight their guns to windward with anything 
like asea on. ‘The Eriesson monitors can also carry 
their guns lower without taking water into the hold 
than can the Coles ship, and it was the Coles turret, 
which cuts right down through the deck, that Mr. 
Henwood proposed to adopt. 

Mr. Reed’s proposed turret ship is compared in size 
to the Great Eastern, and has 20ft. of freeboard 
allowed her; she need not, however, exceed in length 
our largest ironelads already built. Mr. Reed said it 
would be fair to take 128,000/. as the cost of refitting 
the engines of the wooden ships. This is misquoted as 
220,000/., and a statement which he never made is 
attributed to “ inaccurate information.” 

The article to which we refer concludes with a re- 
mark implying that hitherto we have been prevented 
by Mr. Reed from testing a single sea-going turret 
ship of our own. There are the Scorpion and 
Wyvern, not exactly successes it is true, but from no 
fault of Mr. Reed’s; the Monarch is to be built at 
Chatham from Admiralty designs, and Messrs. Laird 
and Captain Coles have designed the Captain, which is 
to be built for Government by the firm just named. 
Without saying more at present, we will merely refer 
to that portion of Mr. Reed’s lecture quoted on an- 
other page by Mr. Bourne, to show how unjustly Mr. 
Reed is now accused of opposition to the fair and 
full trial of the turret principle. No man has openly 
accorded to that principle a greater absolute supe- 
riority over every other form of chasing and fighting 
ship than the Chief Constructor of the Navy, unless 
it be, indeed, Mr. Bourne, or Captain Ericsson himself. 


Tue “ Antt-Incrusrator.”—Thi» extraordinary apparatus, 
the subject of an English patent held by Mr. Robert B. Baker, 
of 114, Fencburch-street, E.C., has been in use for four or five 
months—and with remarkable success in removing hard scale 
from the interior of boilers—by Messrs. Maudslay, Sons, and 
Field; Messrs. W. and J. Galloway and Sons, of Manchester ; 
Messrs. Faweett, Preston, and C., of Liverpool; Messrs. Kitson 
and Co,; and the Monkbridge Iron Company, of Leeds; Mr. 
Nicholson, of Newark, and others. The use of the invention 
appears to have been very private, as no publication of it has 
been made with the exception of our own, from an American 
source. It will soon be made public, however, in the fullest 
sense. Mr. Livesey and Mr, Watts were unaware of the patent. 





LOCOMOTIVE ENGINES. 
To tHe Epiror or ENGINEERING. 

Srr,— Your correspondent, “‘ Tender Engine,” evidently forgets 
that in his letter of the 30th of last month he said, “I think 
Mr. Fairlie deserves all just praise and encouragement.” He 
must know, therefore, that encouragement does much to help in 
achieving that which is aimed af, and I am sorry that he should 
now so much disparage my invention. I maintain that my 
principle is “novel and unusual,” and as yours is the only 
journal in which the engine referred to by him has been illus- 
tyated and. explained, I — to you whether that engine did 
not make its appearance long after the principles I advocate 
were made public by me when [ took out my patent in 1864, and 
I wish to state emphatically that it was not until after my return 
from a professional visit to South America, in May of this year, 
that I learnt anything approximating even to my principle. 

Your correspondent is one of the most gifted writers I have 
met with, for he has given us two exceedingly clever and in- 
teresting letters of some length without once dealing with the 
real question at issue. 

I showed the’ eost of running tenders with locomotives, and 
the saving, which, would be effected by their beimg dispensed 
with.. He called my.statement. in question because he said I took 
the weight of the tender at 23 tous, meaning heavy goods en- 
gine tenders, instead of 19 or 20 tons. I again assert that on 
the narrow-gange line referred to there are over 100 tenders 
weighing 229 tons. when loaded. What I cannot understand 
is that, notwithstanding his apparent intimacy with so very 
many of the circumstances of the North-Western Railway, he 
pleads entire ignorance of this material fact, so easily ascer- 
tained, and which it was his duty to make himself acquainted 
with before calling my statement in question, and yet he is 
wonderfully well\informed of the fact, of which it is quite true 
I was unaware, thatthe 25 ton tender exhibited by that com- 
pany was offered for sale because, as he gravely informs us, it 
was too heavy. 

With reference to the Great Western Railway, I believe that 
within the last month or so this company has taken over some 
branches having the heavy gradients described by “ ‘lender En- 
gine,” it, may be-that elsewhere on some short branch there are 
the like. gradients; but he knows that substantially the main 
line is what I have described it. If your correspondent has any 
connexion. with that company, as I suspect he has, he may easily 
ascertain whether a 27 ton engine is sufficient on all occasions 
to work'a gradient of 1 in 45 for any length, to say nothing of 
lin 28. He, however, admits that ail lines have specialities 
requiring heavier engines at one point than at another. For what 
purpose, | should like “ Tender Engine ” to inform me, are the 
engines under such circumstance to be made heavier ? But to 
put an end to his scepticism, I refer him to your article of 
Saturday Jast on “ French Locomotives,” which, I submit, is 
conclusive on this point. 

The locomotive engine has for some time past been the 
subject of much attention, arising from the necessity for 
greater traction and adhesive power. In this will be found 
the secret of diminished dividends and the discredit which 
now so generally attaches to railway investments, and hence 
my appearance as.an inventor and correspondent, for this I am 
taken to task by “* Tender Engine” and “* Beta;” but with de- 
ference to them I venture to predict that the reform of our rail- 
way system will ere long become one of the great questions of the 
day. If they are satisfied with the state of things as they now 
exist, I am not, nor will the public be. ‘* Tender Engine” clear] 
considers the London and North-Western to be perfection itself. 
He, like “ Beta,” thinks we should be content with a maximum 
train of 85 wagons, to. go beyond which they deprecate as if it 
were useless, inconvenient, and costly. If this doctrine is to 
prevail, and the trade and commerce of the kingdom is to con- 
tinue to increase as.it has done, railway shareholders must make 
up their minds to finding more money for additional lines, as 
has been done by’ the’ London and North-Western Company 
to or near Rugby, new branches, and, in short, everything but 
improved locomotives adapted to the requirements of the times. 
Will “ Tender Engine” allow me to suggest to him in all kind- 
ness that ‘‘ thereure more things in heaven and earth than are 
dreamt of in his philosopky?” and that if he does not adapt 
himself to the changes which are imperative, they will pass him 
by and leave him far behind. He charges me with ail sorts of 
inaccuracies and assumptions without disproving them, con- 
tenting himself with the convenient proverbial argument with 
ladies, ** because it is.” 

I don’t grudge him his joke about “crates of hats,” being 
as fond of pleasantry as any one; but when I referred 
to them and other descriptions of merchandise, it was for 
the purpose of proving that what he said respecting a 
rate of 1d, per ton per mile was wrong, and | gave the 
authority upén which I based my calculation. I wish he were 
as ready to give us the authority upon which his statements are 
based.. Notwithstanding what he says, I am astonished, and 
very much so, that the London and North-Western Company 
only earns 6s. 3id. per train mile, and if, as | have shown, the 
average rate be 14d. per ton per mile for merchandise alone, 
independent of the 3,000,000 tons of coal carried, there is left 
only 50 tons nett per train out of 300 tons gross, exactly one-sixth 
of the actual weight hauled. The L. and N. W. balance sheet 
shows 7,333,371 tons as the net traffic for the half-year, from 
which deduct, say, 3,000,000 tons of coal, leaving 4,333,371 tons 
of merchandise, or double that amount per annum. At one-sixth 
the actual tonnage hauled, there is the enormous result of 
52,000,000 tons hauled per annum, out of which only 8,666,742 
tons are productive; the cost of hauling the unproductive 
weight being precisely the same per ton as the nett tonnage. 

In the face of this astounding fact, is it “ unjust” or “ un- 
called for’’ to characterise such a state of things as squandering 
the money of the shareholders, to say the least of it; and is it 
to be supposed that because this is so now directors are, 
like “ Tender Engine,” content that it should continue? I 
feel convinced that these facts have only to be brought home 
to the knowledge of the able men who govern our railway com- 
panies, and a remedy — to their satisfaction, to induce them 
without the slightest hesitation to adopt any system which would 
give economy as well as efliciency, and lead to a far different 
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return for the capital invested ; and I think it is a little too much 
for ‘‘ Tender Engine” to assume that those gentlemen are quite 
content as they are. It is difficult to know how to deal with a 
logician like your correspondent, inasmuch as he is so chary of 
his facts and so prolific with his assertions. If he would gene- 
ralise less, and favour us with more principles, I could get hold 
of him better. 

I am not in the least deceived respecting {the three great 
principles for which I contend, viz. : 

1. Great combined power of traction for either fast or slow 
trains, the centre line of traction being nearer the centre line of 
curve than in any other known class of engine. 

2. Great power of adhesion, distributed in such a manner as 
to be at least two-thirds less destructive to the permanent way 
than is the case with any other known class of engine. 

3. Greater facilities for passing round curves with the mini- 
mum of friction and with greater safety than can be claimed by 
any other known class of engine. 

hese are the three great cardinal points I claim, to 
which may be added the entire saving of the cumbersome and 
costly tenders, and the profit arising from their weight being 
available for merchandise or passengers, the saving of costly 
turntables and the space they occupy —a point of no mean 
importance in our, metropolitan railways, and the saving 
effected by the interchangeability of parts, calculated to be 
the cost of from 73 to 10 engines out of every 100. Imagine 
this on the North-Western Railway, where there are about 1400 
locomotives. 

“Tender Engine” says he has some knowledge of the Vale of 
Neath Railway. When he has lad a better knowledge of it, he 
will probably change his opinion about 27 tons being all that is 
required for adhesion ; at all events I trust, because he has said 
so, he will not use his influence to insist on continuing the 
27 ton engine after he has found out that this weight is 
not sufficient. I beg to assure him that anything I may have 
said in my replies has not been with any desire to give offence, 
and if at any time he may have thought soI hope he will forgive 
me, and attribute all I have said to pure sincerity and a wish 
to elicit the truth. Iam alone in striving to develop a great 
— and the task is not only difficult but beset with many 
preju ices, I feel and write strongly, believing I am right ; and 

trust he will thoroughly investigate the principle, and when 
satisfied, and it is in his power, he will encourage my efforts. 

My engine on the Neath and Brecon, to which “ Tender En- 

ine” so unfairly alludes, must have the credit for all which has 
n asserted as to her performances ; and her present position is 
not in the least due to any failure in the principle, but to some 
minor defects in her construction chargeable to the constructors 
alone, but which may be pardonable on account of her being the 
first of her class. When “ Tender Engine” is next at Neath, he 
can learn for himself fhe truth of what I say. 

One word in reply to Mr. Naylor, although I fear I have 
already trespassed too much on your valuable time and space. 
I quite agree with him as to the relative powers and loads of 
the engines he gives; these are indisputable facts. I wish, how- 
ever, to call his attention to another fact not less indisputable, 
and that is, my engines are just as applicable and as necessary 
on “the entire farm of railways on the plains,” as they are 
“ amongst the hills.” If they are good in the one case, they 
must be equally so in the other. What Mr. Naylor ineans, I 
apprehend, is, that while the present description of tender engines 
are adapted for railways on the plains, yet they are unable to work 
amongst the hills, and hence, because my engines can work the 
hills and the others cannot, he would send mine to the hills. I 
regret to have to differ from Mr. Naylor in his reason for sup- 
porting the tender, viz., because our “ mineral trains are notori- 
** ously short of brake power,” and “‘ the tender comes into use 
‘in place of a third brake van.” I fully intended writing a 
letter against the use of more than one brake van to any train, 
and that only in the rear, and apply the weights of the extra 
number now usually used to profitable purposes, for the simple 
reason that they are not wanted. Mr. Naylor cannot have seen 
Mr. Clark’s continuous brake, in use on the Great Western, 
North London, and other lines. It is the most perfect in its 
principle that has come before my notice, and has the advantage 
of placing the whole train, in one instant, under the command, 
as it should properly be, of the driver and fireman, instead of 
that usually employed, as well described by Mr. Naylor: 
“ Although every wagon may have its individual brake, they 

‘are not of the slightest use in preventing an unexpected 

‘collision, from the fact that they cannot be, got at in time to 
be of any service.” 

Mr. Clark’s brake can be applied by the driver or fireman to 
every individual waggon supplied with the apparatus, without 
his moving from the engine, and I am surprised that our very 
able Government inspectors do not insist on all trains being 
supplied with this or some other equally good continuous brake, 
under the control of the enginemen. Brakes should also be 
applied to all locomotives, but in a form different to that of 
the ordinary brake. I have often thought that a force 
similar to that applied for starting a train should be the 
medium employed to stop it—I mean the -eylinders—through 
the couplings to the wheels. Mr. de Bergue, of Manchester, 
some time ago gave me particulars of a system which he patented 
for effecting this object, and I believe a most effective system it 
is. It consists of an air chamber weighte i t the necessary |r ssure 
per square inch, into which when it is wished to stop a train the 
air is pumped, which, when an engine is reversed, usually goes 
into the boiler. A simple arrangement, sufficing to cut off the 
passage of the air to the boiler, turning it into the chamber, 
where, with one or two revolutions of the engine, the pressure 
Is greater by any amount required beyond that in the boiler, 
and of course this pressure is communicated to the piston on 
the reverse side to that on which the engine is travelling. 
Iam confident this is the proper brake for engines, and much 
more effective than any skidding, and in this way the engine 
itself will stop a train without any other assistance, in the same 
or less time that it took to start it and get into velocity, in pro- 
portion to the retarding and starting pressure. 

Apologising for the great length of these remarks, 

beg to remain, yours obediently, 
q Rost. F. Farrute. 
56, Gracechurch-street, London, Dec. 24, 1866. 








THE VENTILATION OF MILL-STONES. 
To THE Eptror or ENGINEERING. 


Str,—The above subject has been for a long time before the 
public, and some time since excited special interest in conse- 
quence of a then recent decision of the Master of the Rolls in 
the case of Bovill v. Goodier. As that case has just taken another 
turn, it may not be uninteresting to your ers to know how 
far the suit has progressed, and how it at present stands. Most 
persons interested either engineering!y or commercially will, no 
doubt, recollect that Mr. Bovill applied to the Court of Chancery 
for an injunction to restrain Mr. Goodier, of Chester, from 
working his mill, on the ground that the process he used was an 
infringement of his oe Bovill’s) patent of 1849, described in 
the specification as follows: 

“ 1st. Fixing the top stone and causing currents of air, either 
“ by exhaustion or pressure, to pass between the grinding sur- 
“ faces of mill-stones when the top is so fixed, and the intro- 
‘* duction of ventilating pipes in the stones as herein described. 

“2. In exhausting the dusty air when the same has been 
“ blown through the ‘grinding surfaces of the mill-stones from 
‘“ the stone cases or chambers receiving the meal as herein de- 
* scribed. 

“ 3rd. I claim the passing of the dust or stives caused in the 
“ process of grinding, through porous fabrics, by which the flour 
‘¢ js filtered through the air as herein desczibed.” 


These being the claims in the patent, it is by them that the 
patentee is bound; any description in the body of the specifica- 
tion must be taken to illustrate and explain them more fully 
than could otherwise be done. 

The Master of the Rolls, in giving judgment in Bovill v. Goodier, 
stated that Mr. Goodier did infringe the patent; that whether a 
fan was used, either for exhausting or blowing, the effect was the 
same; that the employment of a porous fubric of any kind was 
an infringement, and also that either of these used alone or in 
combination was an infringement; and ordered the mill to be 
closed. He had no possible doubt that Goodier did infringe 
Bovill’s patent, but whether the latter was novel or not, and 
to ascertain by means of a jury if that were so, he directed cer- 
tain issues to be tried. This trial came on last week in the 
Common Pleas, and lasted six days. If the judge had not 
been required elsewhere, the probability is that, instead of six 
days, double that time would have been required. 

Ihe issues directed to be tried were as follows: 

1. Whether the fixing the top stone and causing currents of 
air, either by exhaustion or pressure, to pass between the grind- 
ing surfaces of mill-stones when the top stone is so fixed, and in 
the introduction of the ventilating pipes in the stones described 
in the specification as altered by disclaimer, and whether the 
first part of the invention was, or was not, a new invention at 
the date of the patent, 5th June, 1849. 

2. Whether exhausting the dusty air, when'the same has been 
blown through the grinding surface of the mill-stones, from the 
stone cases or chambers receiving the meal described in the speci- 
fication at the second part of the invention was, or was not, a 
new invention at the date of the patent. 

8. Whether the passing of the dust or stive caused in the 
process of grinding, through suitable porous fabrics, by which 
the fluur is filtered from the air, described in the specification 
as the third part of the invention, was, or was not, a new inven- 
tion. 

4. Whether any and what combination or combinations of the 
three several parts of the said invention, or if any and which of 
them, was, or was not, a new invention. 

It will be seen at a glance the hardship of the present law, 
which allows one part of a case to be tried in one court 
and another part in another court. The jury were told again 
and again that they had nothing to do with the infringement, 
as this had been settled by the Master of the Rolls; but that 
the only question for their consideration was, whether or not the 
process as described by Mr. Bovill was new. A great deal of evi- 
dence was gone into as to the utility of the invention, Mr. Bovill 
saying that, by the arrangement of a superadded blast with an 
exhaust fan, more than three times the ordinary quantity could 
be ground at a saving of 5s. per quarter. Mr. Miller, of Devon- 
port Dockyard, made the same statement; indeed, there seemed 
no disposition to question that the combination of the two fans 
was an improvement, and that, when so applied, a far greater 
quantity of meal could be ground per hour. ‘The contention 
was nearly confined to claim No. 2, whether the application of 
the exhaust fan alone was an infringement. To prove prior 
usage a large number of witnesses were called, amongst others, 
Mr, Potto Brown, Mr. Tyson, Mr. Muir, and Mr. Podger, of 
Toleworth Mills. These all spoke to having employed exhaust- 
ing fans for the purpose of carrying the stive or dust from the 
millstone case, and depositing the same in a stive-room above ; 
that the same apparatus had been at work for the last eighteen 
or twenty years, and was at work at the present moment. Indeed, 
it was impossible for the plaintiff to contradict or deny this 
statement; and all the witnesses called by himself in the latter 
part of the trial confirmed in a remarkable manner this state- 
ment. His efforts were, therefore, confined to show that how- 
ever true it might be that the apparatus had been used, 
it had been so used in an ignorant manner, and, through 
that ignorance, did not produce the same beneficial re- 
sults. They had failed to discover, as the judge called it, the 

juste milieu of adjustment of the fan so as to produce just 
as much exhaustion as was required to separate the hot dusty 
air and stive from the meal without interfering with its descent 
down the meal-spout. At last the whole invention narrowed itself 
into a mere adjustment of the fan and spouts to do what was re- 
quired, without doing more or less. The jury found it impossible to 
resist this conclusion, and after an absence of a few minutes 
returned a verdict on the Ist, 3rd, and 4th issues for Mr. Bovill, 
and on the 2nd for the defendant, Mr. Goodier. By this verdict 
the patent is declared null and void, and millers may in future, 
or, at least, till it is upset, go to bed in peace without being dis- 
turbed in their slumbers by the presence of their béte noire in the 
shape of Mr. Bovill’s patent of the year of grace 1849. 

I am, Sir, your obedient Servant, 
27, Leadenhall-street, E.C. JOHN PINCHBECK. 

Dec. 18, 1866. 





THE ABERSYCHAN FORGE. 
WE gave, last week, engravings of one of the puddling furnaces 
at the Abersychan Forge; and we now publish, on the next 
age, a plan of the new works, The Abersychan Forge, near 
-ontypool, is one of the branch establishments of the Ebbw 
Vale Company (Limited), and all the plant was designed by 
Mr. Josiah Richards, the principal manager at Abersychan, and 
constructed under his superintendence. 

The engine, which is shown at the upper part of the page, near 
the left-hand side, is a condensing beam engine with 36 in. cy- 
linder and 6 ft. stroke, and it is worked at 20 revolutions per 
minute. The driving wheel on the crank shaft is 14 ft. in dia- 
meter by 19% in. wide on the face, and it has 112 teeth of 4,9, in. 
pitch. This wheel gears into a spur wheel 7 ft. in diameter and 
with 56 teeth, keyed on the fly-wheel shaft; and the latter and, 
consequently, the rolls are driven at 40 revolutions per minute. 
The fly wheel is 17 ft. 3in. in diameter and weighs 35 tons. 
The bearings of the shafts rest upon standards which are securely 
bolted down and blocked to cast-iron frames below. 

The steam for the engines is supplied by six boilers, three of 
them being heated by the waste heat from the re-heating 
furnaces, and three, which are shown towards the bottom 
of the page, by the waste gases from the puddling furnaces, 
These last boilers are each 37 ft. 6 in. long by 7 ft. 3 in. in dia- 
meter, and they have each a single flue 3 ft. 6 in. in diameter. 
The boilers are constructed of }in. plates made of Pontypool 
iron. ‘The waste gases, after passing under and through the 
boilers in the usual way, escape into a chimney shaft 10 ft. in 
diameter at the bottom and 10 ft. Gin. at the top, and 160 ft. 
high. An elevation of this shaft, as well as a plan, is given on 
our engraving. The waste gas from the furnaces is conducted 
through a large culvert to the boilers, and the object of placing 
the latter so far from the furnaces has simply been the comfort 
of the workmen. In addition to the engine already mentioned, 
the boilers supply steam to a 14in. cylinder engine driving rolls 
for grinding clay for brickworks. The boilers heated by the 
re-heating furnaces are each 22 ft. 6in. long by 7 ft. 3in. in 
diameter, and are each provided with two flues each 2 ft. 2 in. in 
diameter. Each boiler is worked by the waste gases from a 
pair of furnaces, the gases passing first under the boiler, then 
through the internal flues, and then back through side flues to a 
chimney stack 4 ft. square at the bottom, 4 ft. 6in. square at 
the top, and 60 ft. high. 

The engine above described drives one puddling train consist- 
ing of a squeezer for blooming, and roughing, and finishing rolls; 
and also a roughing-down train consisting of roughing and finish- 
ing rolls. The rolls are driven, as we have already stated, at 40 
revolutions per minute. 

The puddling mill contains eighteen puddling furnaces of the 
construction which we illustrated and described last week. These 
furnaces are arranged as shown at the lower part of the page 
towards the left-hand side, and they are placed so that the 
forge, which is lighted with gas from a aiikteudog gasworks, 
is kept perfectly clean. ‘The puddling furnaces are, as we re- 
marked last week, of particularly neat design. They work six 
months without requiring to be relined with firebrick, and al- 
though they have now been in use two years, not a single plate 
has had to be changed. ‘There is a good space between the pairs 
of furnaces, so that the men have ample room to work. The 
furnaces are together capable of turning out 280 tons of puddled 
bars per week, and we are informed by the engineer of the works 
that the “ yield” of coal, or quantity consumed, is found, from 
an average of several months’ work, to be but 16}cwt. per ton 
of puddled bar made. This consumption of coal is much less 
than is generally considered necessary. 

The roughing-down mill is at right angles to that containing 
the puddling furnaces, and it is shown at the upper part of 
the page. It contains six re-heating furnaces for making roughed- 
down or No. 2 iron, and these furnaces are capable of turning 
out 360 tons per week. The quantity of coal consumed in these 
furnaces is stated to average 104 cwt. per ton of puddled bar, 
this including both the first and second heatings. The waste 
gases from the re-heating furnaces are — to heat three 
steam boilers, as we have already mentioned. 

Altogether the forge is very compactly arranged, and it is 
provided with suitable roads, so that the coal and iron can be 
readily conveyed to their destination in trams or trucks; and 
the furnaces are so arranged that, as will be seen by the plan, 
the ashes can be thrown from the ashpits direct into the trams, 
and thus conveyed to the tips. 


TO CORRESPONDENTS. 

Tue Scientific American has a new feature in respect of paid 
answers to correspondents who trouble the editor with purely 
personal matters. The following are its “ business notices” for 
December 8: anats 

“ Specrat Nore.—This column (Notes and Queries) is de- 
signed for the general interest and instruction of our readers, not 
for gratuitous replies to questions of a purely business or personal 
nature. We will publisi such inquiries; however, when paid for 
as advertisements at 50 cents a line, under the head of “ Business 
and Personal Queries,” as below: 

H. M., of Pa., wishes to know where the patent needle-threader 
is manufactured. f f 

V. E. Keegan, Roxbury, Mass., wishes to communicate with 
parties concerned in the manufacture of saltpetre. 

L. W. R. Blair, Camden, 8.C., wants the best cooking stove. 

©. W. Ross, Northfield, Mass., wants 1000 small pamphlets 
printed at a cheap rate. 

O. H. Strong, Rouseville, Pa., wishes to purchase a good self- 
regulating windmill. ; ; 

Dr. J. B. Williams, 251, Pennsylvania-street, Pittsburg, Pa., 
desires to communicate with makers of artificial stone. 

J. P. Nicholson, West Stockbridge, Mass., desires to com- 
municate with parties owning patents for burning lime with 
anthracite coal.’ 














Bessemer PLANT For AmERicA.—lhe steamship Indus, 
laden with converters, steam-hammers, and Bessemer plant for 
the Pennsylvania Steel Company’s works at Harrisburg, U.S., 
was last week wrecked on the coast of Ireland, and has vecome 
a total loss. 





[Dec. 28, 1866. 


ENGINEERING. 
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(For Description, see precediny Puye.) 
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